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VICTORIA RB. 


Victoria, by the Grace of God, of the United Kingdom of Great Britain 
and Ireland Queen, Defender of the Faith: To Our Right Trusty and Right Well- 
beloved Cousin, Walter Stafford, Earl of Iddesleigh, Companion of Our Most Honour- 
ale Order of the Bath; Our Trusty and Well-beloved Sir Richard Thorne Thorne, 
Knight Commander of Our Most Honourable Order of the Bath, Medical Officer of the 
Local Government Board; Our Trusty and Well-beloved Constantine Phipps Carey, 
Ksquire, Lieutenant-Colonel and Honorary Major-General on the Retired List of Our 
Army ; Our Trusty and Well-beloved Charles Philip Cotton, Esquire; Our Trusty and 
Well-beloved Michael Foster, Esquire, Master of Arts, Professor of Physiology in Our 
University of Cambridge; Our Trusty and Well-beloved Thomas Walter Harding, 
Esquire, Retired Lieutenant-Colonel of Our Auxiliary Forces, with Honorary Rank of 
Colonel; Our Trusty and Well-beloved Thomas William Killick, Esquire ; Our Trusty 
and Well-beloved William Ramsay, Esquire, Professor of Chemistry, University College, 
London ; and Our Trusty and Well-beloved James Burn Russell, Esquire, Doctor of 
Medicine, Master of Surgery: Greeting! 


Ubereas We have deemed it expedient that a Commission should forthwith 
issue to inquire and report : 


1. (1) What method or methods of treating and disposing of sewage (including 
any liquid from any factory, or manufacturing process) may properly be 
adopted, consistently with due regard for the requirements of the existing law, 
for the protection of the public health, and for the economical and efficient 
discharge of the duties of local authorities ; and 


(2) If more than one method may be so adopted, by what rules, in relation 
to the nature or volume of sewage, or the population to be served, or other 
varying circumstances or requirements, should the particular method of treat- 
ment and disposal to be adopted be determined ; and 


2. To make any recommendations which may be deemed desirable with 
reference to the treatment and disposal of sewage ; 


Tow know Ye, that We, reposing great trust and confidence in your know- 
ledge and ability, have authorised and appointed, and do by these Presents authorise 
and appoint, you, the said Walter Stafford, Harl of Iddesleigh, Sir Richard Thorne 
Thorne, Constantine Phipps Carey, Charles Philip Cotton, Michael Fdster, Thomas 
Walter Harding, Thomas William Killick, William Ramsay, and James Burn Russell to 
be Our Commissioners for the purposes of the said Inquiry. 


And, for the better effecting the purposes of this, Our Commission, We do by 
these Presents-give and grant unto you, or any three or more of you, full power to call 
before you such persons as you shall judge likely to afford you any information upon 
the subject of this Our Commission ; and also to call for, have access to, and examine 
all such books, documents, registers, and records as may afford you the fullest informa- 
tion on the subject, and to inquire of and concerning the premises by all other lawful 
ways and means whatsoever. 


Bnd We.do by these Presents authorise and empower you, or any three or more . 
of you, to visit and personally inspect such places as you may deem it expedient so to 
inspect for the more effectual carrying out of the purposes aforesaid. 
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END We do further by these Presents will and ordain that this Our Commission 
shall continue in full force and virtue, and that you, Our said Commissioners, or any | 
three or more of you, may from time to time proceed in the execution thereof, and of 
every matter and thing therein contained, although the same be not continued from 


time to time by adjournment. 


FANS we do further ordain that you, or any three or more of you, have liberty to 
report your proceedings under this Our Commission from time to time, if you shall 
judge it expedient so to do. 


ENO our further Will and Pleasure is that you do, with as little delay as possible, 
report to Us, under your hands and seals, or under the hands and seals of any three or 
more of you, your opinion upon the matters herein submitted for your consideration. 


FANO for the purpose of aiding you in such matters, We hereby appoint Our 
Trusty and Well-beloved Frederick James Willis, Esquire, to be Secretary to this Our 
Commission. 


Given at Our Court at St. James’s, the Seventh day 
of May, One thousand eight hundred and ninety-eight, 
in the Sixty-first Year of Our Reign. 


By Her Majesty’s Command, 
(Signed) M. W. Rripiey. 





WitiraAmM Henry Power, Hsa., F.R.S., 
To be a Member of the Royal Commission on Sewage Disposal. 


VICTORIA Rf. 


Victoria, by the Grace of God, of the United Kingdom of Great Britain and 
Ireland Queen, Defender of the Faith: To Our Right Trusty and Well-beloved William 
Henry Power, Esquire, Fellow of the Royal Society, Medical Officer of the Local 
Government Board: Greeting ! | 


Ube LEAS We did, by Warrant under Our Royal Sign Manual, bearing date the 
Seventh day of May, One thousand eight hundred and ninety-eight, appoint Our Right 
Trusty and Right Well-beloved cousin Walter Stafford, Karl of Iddesleigh, Companion 
of Our Most Honourable Order of the Bath, together with the several Gentlemen therein 
mentioned, or any three or more of them, to inquire into the treatment and disposal of 


sewage. 


Eno whereas One of the Commissioners so appointed, namely, Sir Richard 
Thorne Thorne, has since deceased. 


how know De, that We, reposing great confidence in you, do, by these 
Presents, appoint you, the said William Henry Power, to be one of Our Commissioners 
for the purpose aforesaid, in the room of the said Sir Richard Thorne Thorne, deceased, 
in addition to, and together with, the other Commissioners whom we have already 

appointed. 
Given at our Court at Saint James’s, the Seventh 
day of February, One thousand nine hundred, in the 

f Sixty-third Year of Our Reign. 


By Her Majesty’s Command, 
(Signed) M. W. Riptey. 
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Whitehall, March 18th, 1901. 


Tus Krne has been pleased to issue a Commission, under His Majesty’s Royal Sign 
Manual, to the following effect :— 


EDWARD R. 


Boward the Seventh, by the Grace of God, of the United Kingdom of 


Great Britain and Ireland King, Defender of the Faith, to all to whom these Presents 
shall come, Greeting ! 


Udhereas it pleased Her late Majesty from time to time to issue Royal Com- 
missions of Inquiry for various purposes therein specified : 


Hnod Whereas in the case of certain of these Commissions, namely, those 

known as—- 7 

The Historical Manuscripts Commission ; 

The Horse Breeding Commission ; 

The Local Taxation Commission ; 

The Port of London Commission ; 

The Salmon Fisheries Commission ; and 

The Sewage Disposal Commission ; 
the Commissioners appointed by Her late Majesty, or such of them as were then acting 
as Commissioners, were, at the late demise of the Crown, still engaged upon the 
business entrusted to them : 


End whereas We deem it expedient that the said Commissioners should 
continue their labours in connection with the said enquiries notwithstanding the late 
demise of the Crown : 


how know De, that We, reposing great trust and confidence in the zeal, 
discretion, and ability of the present members of each of the said Commissions, do by 
these Presents authorise them to continue their labours, and do hereby in every essen- 
tial particular ratify and confirm the terms of the said several Commissions. 


FANO We do further ordain that the said Commissions do report to Us under their 
hands and seals, or under the hands and seals of such of their number as may be speci- 
fied in the said Commissions respectively, their opinion upon the matters presented. for 
their consideration ; and that any proceedings which they or any of them may have 
taken under and in pursuance of the said Commissions since the late demise of the 
Grown, and before the issue of these Presents shall be deemed and adjudged to have 
been taken under and in virtue of this Our Commission. 


Given at Our Court at Saint James’s, the fourth 
day of March, One thousand nine hundred and one, 
in the First Year of Our Reign. 


By His Majesty’s Command, 
(Signed) Cuas. T. Rrrcute. 
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THOMAS JOSEPH STAFFORD, F.R.C.S.L., 
To be a Member of the Royal Commission on Sewage Disposal. 


EDWARD R 
Edward the Seventh, by the Grace of God, of the United Kingdom of 


Great Britain and Ireland and of the British Dominions beyond the Seas King, 
Defender of the Faith, To Our Trusty and Well-beloved Thomas Joseph Stafford, 
Esquire, Fellow of the Royal College of Surgeons of Ireland, Medical Commissioner of 
the Local Government Board for Ireland: Greeting ! 


Whereas Her late Majesty Queen Victoria did by Warrant under the Royal 
Sign Manual bearing date the Seventh Day of May One thousand eight hundred and 
ninety-eight, appoint Our Right Trusty and Right Well-beloved Cousin, Walter Stafford, 
Earl of Iddesleigh, Companion of Our Most Honourable Order of the Bath, together 
with the several Gentlemen therein mentioned, to be Commissioners to inquire into the 
treatment and disposal of Sewage. 


nod whereas one of the Commissioners so appointed, namely, Our Trusty 
and Well-beloved Charles Philip Cotton, Esquire, hath humbly tendered unto Us his 
resignation of his appointment as one of the said Commissioners : 


THhow know We, that We, reposing great confidence in you, do by these 
Presents appoint you, the said Thomas Joseph Stafford, to be one of Our Commissioners 
for the purpose aforesaid, in the room of the said Charles Philip Cotton, resigned, in 
addition to and together with the present Members of the Commission. 


Given at Our Court at Saint James’s, the Seventh 
day of May, One thousand nine hundred and two, in 
the Second Year of Our Reign. 

By His Majesty’s Command. 
(Signed) Cuas. T. Rircute. 


ReEGiINALD ArtTHUR TaTron, EsQuiRgE, 
To be a Member of the Royal Commission on Sewage Disposal. 


EDWARD & & I, 
Loward the Seventh, by the Grace of God, of the United Kingdom of 


Great Britain and Ireland and of the British Dominions beyond the Seas King, 
Defender of the Faith, To Our Trusty and Well-beloved Reginald Arthur Tatton, 
Esquire, Greeting ! . 


Ulhereas Her late Majesty Queen Victoria did by Warrant under the Royal 
Sign Manual bearing date the Seventh Day of May, One thousand eight hundred and 
ninety-eight, appoint Commissioners to inquire into the treatment and disposal of 
Sewage. 


End whereas a vacancy has been caused in the body of the Commissioners 
appointed as aforesaid by the death of Major-General Constantine Phipps Carey, O.B. 


TRow know De, that We, reposing great confidence in you, do by these 
Presents appoint you, the said Reginald Arthur Tatton, to be one of Our Commissioners 
for the purpose. aforesaid, in the room of the said Constantine Phipps Carey, deceased, 
in addition to and together with the present Members of the Commission. zi 


Given at Our Court at Saint James’s, the Seventh 
day of January, One thousand nine hundred and 
seven, in the Sixth Year of Our Reign. 


By His Majesty’s Command. 
(Signed) H. J. Guapsrons. 


REPORT. 


To Tur Kine’s Most Excertent Magssrty : 
We, the Commissioners appointed to inquire and report :-— 


I.—(1) What method or methods of treating and disposing of sewage 
(including any liquids from any factory or manufacturing process) may properly 
be adopted, consistently with due regard for the requirements of the existing 
law, for the protection of public health, and for the economical and efficient 
discharge of the duties of local authorities ; and 


(2) If more than one method may be so adopted, by what rules, in relation 
to the nature or volume of sewage, or the population to be served, or other 
varying circumstances or requirements, the particular method of treatment and 
disposal to be adopted be determined ; and 


IIl.—To make any recommendations which may be deemed desirable with 
reference to the treatment and disposal of sewage, 


humbly report as follows :— 


INTRODUCTION. 


1. In this our fifth Report, we propose chiefly to deal with the relative merits of 
the various methods which are available for the purification of sewage of towns. In a 
subsequent report we shall deal with the various methods which are available for the 
purification of trade effluents, when not mixed with sewage. 


2. The subject of sewage disposal has been inquired into by the following 
Committees and Commissions :— 


1857. Commission to inquire into the best mode of distributing the 
sewage of towns and applying it to beneficial and profitable uses. 


1862. Select Committee of the House of Commons to inquire into the 
best means of utilising the sewage of cities and towns of England, with a 
view to the reduction of local taxation and the benefit of agriculture. 


1864. Select Committee of the House of Commons to inquire into any 
plans for dealing with the sewage of the Metropolis and other large towns, 
with a view to its utilisation for agricultural purposes. 


1865. First Royal Commission to inquire into the best means of 
preventing the pollution of rivers. 


1868. Second Royal Commission to inquire into the best means of 
preventing the pollution of rivers. 


1869. Royal Commission to inquire into and report upon the operation 
and administration of the sanitary laws outside the Metropolis. 


1875. Committee appointed by the President of the Local Government 
Board to inquire into the several modes of treating town sewage. 


1882. Royal Commission to inquire into and report upon the system 
under which sewage is discharged into the Thames by the Metropolitan Board 
of Works, whether any evil effects result therefrom, and in that case what 
remedies can be applied for remedying or preventing the same. 
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3. The general conclusion of these bodies has been that sewage could only be 
properly purified by land treatment ; and, as a consequence, 1t has been usual to require 
local authorities to adopt land treatment. 


During recent years, however, certain methods differmg from those which were 
considered by the earlier Commissions have been evolved, and, in view of the difficulty— 
or even impossibility-—which many local authorities experience in obtaining adequate 
areas of suitable land at reasonable cost, it was considered desirable that these 
newer methods should be carefully investigated. This led to the appointment of our 
Commission. 


4. One of the first steps taken by us after our appointment was to seek 
examples of these newer methods. » We visited several places which were suggested to 
us, but in no case was the whole of the sewage of a town being dealt with; in most of 
the cases no more than a small and a constant quantity of sewage was being treated by 
the particular process. Moreover, the number of places in which experiments on any- 
thing approaching a practical scale were being carried on was very limited. We learnt, 
however, that for several towns it was proposed to adopt one or other of these newer 
processes, and we therefore decided to postpone experimental investigation into their 
merits until the field for observation was more extended. 


} 


5. One of our earliest witnesses, the late Mr. Santo Crimp, an engineer of wide 
experience, pointed out the danger of basing final conclusions as to a process on the 
results obtained with experimental plant, and there can be no doubt that inferences so 
founded must be drawn with caution, especially so when the amount of sewage being 
dealt with is a fixed quantity each day, and when the experiment does not adequately 
reproduce the many varying conditions which occur in practice. 


Moreover, the weak points in a method of sewage disposal may sometimes only he 
disclosed after long experience covering a wide range of conditions. 


Further, the character of the sewage of different towns varies to so great an extent 
that it would be unsafe to formulate definite conclusions as to the relative merits of 
different processes until experience had been gained of their sustained application to 
different types of sewage. 


6. In our first Report we pointed out that at the time of the investigations of the 
earlier Commissions, the science of bacteriology was in its infancy; those Commissions, — 
indeed, confined themselves almost entirely to a chemical examination of sewage 
effluents. Since the earlier Commissions reported, a large amount of exact 
knowledge has been gained concerning the part played by bacteria in various processes 
of nature and under conditions contrived by man, and it became our duty to study the 
various questions connected with sewage disposal, not only from a chemical, but also 
from a bacteriological point of view. This has largely increased our labours. 


We have had to initiate and carry out various bacteriological mvestigations, and 
apprehending that the work done by earlier Commissions in regard to land treatment 
did not suffice for our purposes, we have found it necessary to include in our work a 
systematic and detailed investigation, bacteriological and chemical, of the treatment of 
sewage on land of various kinds. 
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OF WORK. 


7. Our investigation has been carried on in the following manner :—- 


(I) We have held 144 meetings and called before us the following witnesses:— 


Name. 











Qualification, 





Mr. Alfred D. Adrian, C.B. - - 


Mr. A. Murray 7 Z amr tc 
Mr. L E. H. Deane s . : 


Mr. R. A. Tatton, M.Inst.C.E. - 
Mi» ReSloudder, -F.1,0", F.0.8)4 »..- 
Mr WoHe Wildon > - jr, - 


Mr. W. Naylor, A.M.Inst.C.E., F.C.S. 
Mr. Trevor Edwards : 2 v 


Mr. H. Maclean Wilson, M.D., B.Sc. 
Mr. Theodore Thomson, M.D. - - 


Mr. W. Santo Crimp, M.Inst.C.E., F.S.1. - 


. W.S. Curphey, F.1LC.,F.C.S. - 


Mr. Donald Cameron e a Z 
Mr. W. J. Dibdin, F.I1.C., F.C.S. — - 
Colonel Ducat - - : - z 
Mr. W. E, Adeney, D.Se., F.C. - 


Mr. H. Marshall Ward, F.R.S., D.Sc. 
Dr. G. Sims Woodhead - - 4 


Sir Edward Frankland, K.C.B. . 


Mr. W. D. Scott Moncrieff, M.I.M.E. 
Mr. J. Garfield, A,M.Inst.C.E. - - 


Sir Henry Roscoe, F.R.S., D.C.L., LL.D - 


Mr. Sidney Barwise, M.D. (Lond.), 
(Camb.) 
Mr. 8. Rideal, D.Sc, F.C. - — - 


Mr. Baldwin Latham, M.Inst.C.E., ete. 








[Nal 5 Bie 





Mr. C. J. Whittaker 5 e e 

Mr. T, Cosham - - Z : 5 
Mr. A. P. Hope, F.C.S._ - . ch qos 
Weeete aeeer ee as 
Mr. F. Wallis Stoddart, F.I.C., F.C.S. — - 
Mr. W. Brown - . 3 x 
Davee - Sf 
Mr. Douglas Archibald - ES 
Mr. H. Wollheim - : ss : 
Mr, W. H. Harrison, M.Sc. - . S 
Mr. W. Eason 5 é - 2 
Biesreabagshaw - - = - u- - 


Mr. Gilbert J. Fowler, D.Sc., F.LC. - 











Assistant Secretary to the Local Government Board 
(England and Wales). 
Chief Clerk to the Local Government Board (Scotland). 


Engineering Inspector to the Local Government Board 
(Ireland). ; 

Chief Inspector to the Mersey and Irwell Joint Committee 
(1898). 

Acting Chemist to the Mersey and Irwell Joint Committee 
under the supervision of Sir Henry Roscoe, F.R.S. 

Deputy Clerk and Solicitor to the Mersey and Irwell and 
Ribble Joint Committees. 

Chief Inspector of the Ribble Joint. Committee (1898). 

Clerk and Solicitor to the West Riding of Yorkshire Rivers 
Board. 

Chief Inspector of the West Riding of Yorkshire Rivers 
Board. 

Medical Inspector under the Local. Government Board. 

Civil Engineer. : 

H.M. Inspector for Scotland under the Alkali Acts and the 
Rivers Pollution Prevention Acts. 

City Surveyor of Exeter. 

Chemist. 

Inventor of the “ Ducat” filter. 

Curator and ex-Examiner in Chemistry in the Royal 
University, Dublin. 

Professor of Botany, University of Cambridge. 

Director of the Research Laboratories of the Conjoint 
Board of the Royal College of Physicians (Lond.) and the 
Royal College of Surgeons (Eng.). 

Member of the Commission appointed in 1868 to inquire 
into the best means of preventing the pollution of rivers. 

Engineer. 

Engineer in Charge of Sewage Disposal Works at Wolver- 
hampton. 

Professor cf Chemistry in the Owen’s College, Victoria 
University, Manchester, and Scientific Adviser to the 
Mersey and Irwell Joint Committee. 

County Medical Officer of Derbyshire. 


Chemist. 
Civil Engineer. 
Chairman of the Accrington and Church Outfall Sewage 


Works. 
Representing the Natural Purification Company. 


Representing the “ Bacillite” Sewage Purification process. 


Representing the Carbonised Refuse System of Sewage 
Purification. 
City Analyst for Bristol. 


Representing the Reeves Chemical Sanitation Company’s 
process. 
Representing the ‘“ A.B.C.” process. 


Representing the ‘“ A.B.C.” process. 
Representing the ‘ Amines ” process. 
Chemist to the Leeds Sewage Committee. 
City Surveyor of Ripon. 

Borough Surveyor of Harrogate. 


Superintendent and Chemist of the Manchester Corporation 
Sewage Works. 


ee en a ae a ee eee 


Name. 


Qualification. 





Mr. W. J. Newton, A.M.Inst.C.E. - 
Mr. J. Barnes - : . E s 


Dr. A. C. Houston - : “ - 
Dr. G. McGowan - - - - 
Mr. G. Chatterton, M.Inst.C.E. - 
Mr. D. Balfour, M.Inst.C.E. 
Mr. W. H. Prescott - - - 
Mr. Frank Candy - - - - 


Colonel Harding - = “ i 


Mr. G. R. Strachan, M.Inst.C.E. — - 
Mr. Alderman H. F. Hibbert - 


Mr. E. G. Mawbay, M.Inst.C.H.  - 


Prof. E. A. Letts, D.Se., F.LC., Ph.D. 


Prof. W. A. Herdman, D.Sce., F.R.S. 


The Hon. T. H. W. Pelham - s 


Mr. J. C. Thresh, M.D., D.Se., D.Ph., F.LC. 


Mr. T. E. Hill, M.D. F A 
Mr. G. V. Poore, M.D., F.R.C.P. - 


Mr. E. E. Klein, M.D., FRS.-  - | 
M.D., D.Ph. (Oxon), 


Mr. W. Williams, M.A., 
M.R.C.S., F.C.8., ete. 
Dr. P. F. Frankland, F.R.S. - - 


Dr. J. A. Voelcker - i A ss 
Mr. A. F. Firth 2 : : ‘ 
Mr. H. Beaumont - : . 2 
Mr. J. Crowther” - = é ; 


Mr. G. C. Hirst : : 2 E 
Mr. J. Bruce - - 5 3 
Mr. E. Butterworth - - - 
Mr. H. A. Foster - z : u 


Mr. G. Sheard : Z = "i 
Mr. W, E. Walker - - : 
Mr. Harvey - - % : = 
Mr. J. Stanning - ‘ : 
Mr. Ross Gemmell - : a : 
Mr. A. J. King : ; : f 
Mr. J. H. Mills : : i 


Mr. Alderman J. T. Simpson - - 
Mr. J. Lord - = 2 = B 
Mr. Keighley Walton = - - - 
Mr. J. Jones - - : A 
Mr. W. Hopkinson - : e : 
Mr. J. HE. Sharpe - ‘ : ‘ 
Mr. B. Powell : s : " 
Mr. A. E. Fletcher, F.C. -  - 
Mr. T. Carter Beeley, J.P. ‘ e 
Mr. 8S. S. Platt, M.Inst.C.E. © - 4 
Mr. T. Stenhouse, F.I.C., F.C.S. —- 
Mr. E. Li. Morgan, A.M. Inst.C. Ey - 
Mr. J. Ashton, F.C.S., F.LS.E. - 








Engineering Adviser to the Accrington and Church Out- 
fall Sewage Board. 


Superintendent Chemist in Charge of the Accrington and 
Church Outfall Sewage Works. 


Bacteriologist to Commission. 
Chemist to Commission. 
Civil, Engineer. 

Civil Engineer. 

Borough Engineer of Reigate. 


Surveyor and Sanitary Engineer of the International Puri- 
fication Syndicate. 


Member of the Commission ard Chairman of the Leeds 
Sewerage Committee. 


Civil Engineer. 

Chairman of the Chorley Sewage Works and member of 
the Ribble Joint Committee. 

Borough Engineer of Leicester. 

Professor of Chemistry at Queen’s College, Belfast. 


University College, Liverpool, and Honorary Director of 
Scientific Work to the Lancashire and Western Sea. 
Fisheries Committee. 

Assistant Secretary to thé Board of Trade. 


Medical Officer of Health of the Essex County Coviuil, 
County Medical Officer, Durham. 

Professor of Medicine at University College, London. 
Chemist and Bacteriologist. 

Medical Officer of Health to the Glamorgan County Council. . 


Professor of Chemistry in the University of Birmingham. 
Consulting Chemist to the Royal Agricultural Society. 
Managing Director of Messrs. T. F. Firth and Sons. 
Fulling Miller and Finisher. 


Chairman of the West Riding of Yorkshire Millowners’ and 
Occupiers’ Association. 
Woollen Manufacturer. 


Manager of Tanneries and Currying Works. 
Flannel Manufacturer. 


Managing Director of Alpaca and Mohair Spinning Works 
and Manutfactories. 
Woollen Manufacturer. 


Tanner, 
Tanner. 


Representing the Calic» Printers’ Association, Ltd., and. 
Bleachers’ Association, Ltd. 


Clerk and Surveyor to the Crompton Urban District 
Council. 
Chairman of the Halifax Sewage Committee. 


Engineer to the Halifax Sewage Committee. 
Town Clerk of Halifax. 

Borough Surveyor of Pudsey. 

Borough Surveyor of Keighley. 


Engineer and Surveyor of Otley. 

Engineer and Surveyor of Handsworth. 

Inspector under the Alkali Acts. 

Mayor of Hyde. 

Borough Engineer of Rochdale. 

Public Analyst of Rochdale. 

Borough Engineer of Bolton. 

Chemist and Manager of the Bolton Sewage Works. 








Name. 





Mr. R. Johnson - - - 
Mr. E. A. Brotherton, M.P. - 
Mr. D. Howard, F.I.C., F.C.S.- 
Mr. C. A. Davis” - - : 


Mr. W. F. Reid, C.E., F.C.S., F.1-C. 


Mr. H. Marshall - - - 
Mr. C. W. Crossley - - - 
Mr. P. G. Baldwin - si Z 
Mr. J. Smith - - - “ 
Sir Charles A. Cameron, M.D. - 
Mr. S. Harty, C.E. - - - 
Mr. M. F. Purcell, M.Inst.C.E. 

Mr. Forbes Watson - pe - 
Mr. J. C. Bretland, M.Inst.C.E. 
Dr. Lorrain Smith - - - 
Mr. George Giles, M.Inst.C.E. - 
Dr. W. 8. Squire - - : 
Mr. Alderman Ellis - - - 
Mr. Thorp Whitaker = - - 
Alderman Sir Bosdin T. Leech 

Councillor C. Dreyfus - - 
Mr. J. D. Watson, M.Inst. C.E. 


Mr, C. F. Wike, M.Inst.C.E. - 
Mr. J. Haworth, F.C.S. - - 
Mr. T. Hewson, M.Inst.C.E. - 
Mr. J. Garfield, A.M.Inst.C.E. - 
Mr. G. H. Pickles, A.M.Inst.C.E. 


Mr. Raymond Ross, F.I.C., F.C.S. 


Mr. J. Corbett é : ‘ 
Mr. J. Carter Bell, F.C.S. ——- 
Mr. J. Arnold - ‘ r z 


Mr. James B. Wilkinson, M.D. note ) DPE, 


F.C.S 
Mr. A. H. Valentine, M.Sc. - 


Mr. H. T. Bulstrode, M.A., M.D. 
Mr. Phillips’ - : 5 : 
Mr, H. H. Waller - i i 


Mri By imsley - ° - : 


Mr. W. B. Pindar - E é 


Mr. J.S. Martin - 

Captain Anderson - : - 
Mr. Charles Petrie - - é 
‘Mr. J. Wrench Towse~ - : 
Mr. R. A. Dawson - - - 


Mr. H. Donnison = - ; 4 
Mr. H. W. Gibson - 2 
Mr. J. Cole - =: sagt Ped J 
Mr. A. L. Scott = - : F 
Mr. A. Brazier " ‘ 
Mr. J. Kennett i L 
Sir William Pink - : 7 
Mr. St. Barbe - : 4 
Mr. G. H. Baxter - & f 


Mr J. T: C. Nash, M.D. (din), DP. 


Qualification. 











Chairman of the Sewage Committee of Bradford. 
Manager Director of Manufacturing Works. 
Chemical Manufacturer. 

Owner of Dyeworks. 

Vice-President of the Society of Chemical Industry. 


Representing the Halifax Traders’ Committee. 


Public Officer of Health in the City of Dublin. 


Engineer to the Dublin Corporation. 
Civil Engineer. 
Chemist to Messrs. Guinness, brewers. 


| City Surveyor of Belfast. 


Professor of Pathology at Queen’s College, Belfast. 
Chief Engineer to Belfast Harbour Commissioners. 
Representing the Society of Chemical Industry. 
Tanner. 

Representing the Bradford Dyers’ Association. 
Chairman of the Manchester Rivers Committee. 
Deputy Chairman of the Manchester Rivers Committee. 


Engineer and General Manager to the Birmingham, Tame, 
and Rea District Drainage Board. 


City Surveyor and Engineer of the Sheffield Sewage Works. 


| Chemist of the Sheffield Sewage Works. 


City Engineer of Leeds. 

Engineer of the Bradford Sewage Works. 
Borough Surveyor, Burnley. 

Borough Analyst, Burnley. 

Engineer of the Salford Sewage Works. 
Public Analyst. 

Manager of the Salford Sewage Works. 
Medical Officer of Health, Oldham. 


Analytical Chemist, Oldham. 
Medical Inspector of the Local Government Board 
Master of the Brewers’ Company. 
Vice-President of the West Riding Urban and Rural Dis- 
trict Councils’ Association. 
Solicitor to the West Riding Urban and Rural District. 
Councils’ Association. 


- Secretary to the West Riding Urban and Rural District 


Councils’ Association. 
H.M. Inspector of Mines. 


Chairman of the Whitstable Oyster Fishery Company. 


- Alderman of the City of Liverpool. 


Clerk of the Fishmongers’ Company. 


: : Oot. 
Representing the Lancashire and Western Sea Fisheries 


Committee. 


_ Representing the Eastern Sea F isheries Committee. — 





| Representing the Kent and Essex Sea Fisheries Committee. 


Oyster Merchant, Poole. 
Oyster Merchant, Poole. 
Oyster Merchant, Southwick. 
Oyster Merchant, Emsworth. 


Representing the Southern Sea Fisheries Committee. 


Representing the Chamber of Fisheries. 
Medical Officer of Health, Southend-on- Sea. 
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Name. 


Qualification. 








Mr. W. J. Bean : - ‘ z : 
Mr. James Blamey, M.R.C.S. - = : 


Mr. Arthur Newsholme M.D., F.R.C.P. (Lond.) 


Mr. James Niven, M.B. - - . : 
Mr. J. H. Barber “- - - - - 


Mr. William G. Savage, M.D., B.Sc., D.P.H. 


Mr. M. Fitzmaurice, C.M.G. - - - 
Prof. Frank Clowes, D.Sce., F.1.C.  - - 
Mr. H. Williams, M.D. - - - - 
Sir Shirley Forster Murphy, M.R.C.8. | - 
Mr. C. C. Hutchinson” - . . - 
Mr. Geo. Corble_ - - - - - 
Messrs. Clapham and Fitch’ - - - 
Mr. C, N. Tween - - - - - 
Mr. W. C. Young - - at dats - 
Mr. R. B. Croft = - - - - - 
Mr. E. B. Barnard - - ead J - 
Mr. H. Nield - - - - - - 
Mr. Rh. Phillipson - - : . - 
Mr. F. A. W. Drummond - - - 
Mr. C. E. Groves - - - - 3 
Dr. T. J. Browne - - - \ 
Prof. E. J. McWeeney, M.A., M.D., D.Ph. 


Mr. BE. W. L. Holt - : 2 4 é 
Dr. Cowie - i 2 A Wiel? 
Mr. Allan - . : 2 4 ‘ 
Mr. Thorne - : é : : : 
Mr. Hopkins - . E 4 S Z 
Mr. J. Robertson’ - 5 . : z 
Mr. Doig - ie E 7 : : 
Mr. Grant Glen Grant - 4 Z ‘ 
Mr. Fergusson - : = 4 4 
Mr. Brown” - - * Z 2 é 
Mr. Mustard - - 5 e : bs 
The Duke of Richmond and Gordon - 
Mr. J. R. Findlay - : a : 
Mr. W. S. Menzies - R “ & e 
Mr. J. H. W. Grant Seay a. r a 
Mr. Herbert Hughes, C.M.G. - - - 
Mr. J. Selwyn Rawson - - - : 
Mr. A. F. Somerville = - : 2 2 





Mr. E. Halliwell - : : 4 d 
Mr. George Reid, M.D., D.P.H. - - 
Mr. J. Bolton e : § iw 


Mr. J. H. Kershaw, F.C.8._ - es * 


Mr. K. F. Campbell, M.Inst.C.E. - - 
Mr. O. J. Kirby - - - : 
Mr. J. P. Wilkinson, M. Inst.C.E. - - 
Mr. F. R. O'Shaughnessy, A.R.C:Se., F.LC. 


Mr. Geo. Watson, M.Inst.M.E., A. M.Inst.C.E. 


Mr. W. F. Goodrich, A.M.Inst.M/. : 
Mr. J. E. Willcox, M.Inst.C.E. - : 














Oyster Merchant, West Mersea. 


Medical Officer of Health, Peuryn. 
Medical. Officer of Health, Brighton. 
Medical Officer of Health, Manchester. 


Secretary of the Chamber of Fisheries and the Lefdokt 
Fish Trade Association. 


Medical Officer of Health, Colchester. 

Chief Engineer of the London County Council. 
Chemist of the London County Council. 

Medical Officer of Health, Port of London. 
Medical Officer of Health, London County Council. 
Counsel to the Lee Conservancy. 

Clerk to the Lee Conservancy. 

Solicitors to the Lee Conservancy. 

Engineer to the Lee Conservancy. 

Chemist to the Lee Conservancy. 

Chairman of the Lee Conservancy. 

Member of the Lee Conservancy. 

Member of the Lee Conservancy. 

Secretary to the Thames Conservancy. 

Chief Inspector to the Thames Conservancy. 
Analytical Chemist to the Thames Conservancy. 
Medical Inspector, Local Government Board, Ireland. 


Bacteriologist to the Local Government Board for 
Ireland. 


Scientific Adviser to Department of ation ate Ireland. 


Representing the South, East, West, and North of Scotland 
Malt Distillers’ Association. 


Representing Riparian Owners in Scotland. 


Clerk of the Millowners’ Association. 

Millowner. 

Chairman of the Sanitary Committee of the Somerset 
County Council. 

Chief Inspector of the Ribble Joint Committee. 

Medical Officer of Health of the Staffordshire County Council. 


Manager of the Heywood Borough Sewage Purification 


Works. 

Chemist and Manager of the Corporation Sewage Works, 
Rotherham. 

Borough Engineer of Huddersfield. 

Borough Engineer of Batley. 

Engineer of the Manchester Sewage Works. 

Chemist to the Birmingham, Tame, and Rea District 
Drainage Board. 

Managing Director of the Horsfall Destructor Co. 

London Manager, Messrs. Meldrum Bros., Ltd. 


Civil Engineer. 




















Name. Qualification. 

Mr. H. P. Raikes, A.M.Inst.C.E. - - - | Civil Engineer. 

Mr. J. Hunter, F.1.C., F.C.S. - - : - | Consulting Chemist. 

Mr. J. B. Readman, D.Sc., F.R.S. (Edin.) - | Consulting Chemist. 

Mr. R. R. Tatlock, F.R S. (Edin.), F.1.C., F.C.S. | Consulting Chemist. 

Mr. J. H. Fullarton, M.A, D.Sc. - - - | Formerly Scientific Adviser to the Fishery Board for 
Scotland. 

Mr. Jas. Hendrick, B.Sc, FIC. - ° - - | Public Analyst for the Counties of Aberdeen, Banff and 

Nairn. : 
Mr. Stevenson Macadam, F.1.C., F.C.S. - - | Analytical and Consulting Chemist. 
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(II) We have, by means of circular letters, obtained a large amount of assistance 
from many scientific men who have had special experience in regard to’ the sub- 
ject of sewage disposal. | 

(III) A number of local authorities have carried out experimental investigations 
in association with the Commission, and have been good enough to furnish us with 
monthly records of the results of their experiments. These towns are as follows :— 





Birmingham. Leeds. Rotherham. 
Burnley. ; Manchester. Salford. 
Heywood. Oldham. Sheffield. 
Huddersfield. 


- The reports firnished by these authorities are printed with the evidence. In 
each case the officers responsible for the local investigations were called before us: 
to give evidence. | 

(IV) Wehave put under the systematic observation of our own officers a number 
of sewage farms and sewage works of different types. 

The officers’ reports on their observations of artificial processes are issued with 

this report as Appendix III. Their reports on the sewage farms were issued as an 
Appendix to our Fourth Report. 


(V) We have carried out the following special investigations :— 











Place at which the experiment 


was carried out. Object of experiment. 








Accrington - - - - = (a) For the purpose of ascertaining the relative difficulty of 
treating the same tank liquor, diluted and undiluted, on contact. 
beds and on percolating filters. 

(b) To compare the purification effected in each instance by 
these two types of filter, under similar conditions in the one and 
in the other case. 

Dorking - Oo) Pe lati etc is a (a) For the purpose mainly of comparing septic tank liquor, 
precipitation liquor, and settled sewage derived from the same 
sewage, as to their amenability to subsequent oxidation by filtration. 

(b) To compare the reduction of suspended matter in the 
same sewage effected by the different processes of tank treatment, 
and to ascertain the quantities of sludge produced in each case. 

(c) Removal of suspended matter from percolating filter 
effluents. 

(d) Reduction in number of intestinal organisms in filtrates 
by means of sterilising agents, and comparison of the results ob- 
tained by this method with the effect of filtration through sand. 

(e) Comparative values of deep and shallow filters. [See 
also Ilford. | 
Exeter (Belle Isle) = - - - Digestion of sludge in septic tank. [See also Ilford. | 
Guildford - - - - : For the purpose of ascertaining whether, by the addition of 

| “oxychloride” solution to septic tank liquors, the unpleasant 
smell actually developed by such liquor may be destroyed without 
impairing the ability of the filter, subsequently dealing with the 
liquor so treated, to effect the requisite purification. 


Hendon -. - “S90 Fier Sterilisation of effluents. 
Ilford - - - - : - (a) Digestion of sludge in septic tank. . 
(b) Comparative values of deep and shallow filters. 
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At some of these places channels have been provided along which the effluent 
has been allowed to flow, the main object being to ascertain whether effluents. 
liable to bring about undesirable changes in the condition of a stream into which 
they are discharged can be clearly distinguished by chemical test from those 
which do not. 


(VI) We have personally visited a large number of sewage works. 


8. We wish to express our great indebtedness to the several local authorities, and 
to the many gentlemen from whom we have received assistance. Their names are far 
too numerous to mention. 


APPENDICES To REPORT. 


9. The following volumes are presented as appendices to this report :-> 
(I) The Evidence of Witnesses. 
(II) A Summary of the Evidence. 


In preparing this report we found it necessary to make a summary of the evidence. 


The plan which was followed was to divide the subject up into chapters such as 
sewage, storm-waters, sedimentation tanks, septic tanks, standards, and so on, and then 
to sub-divide each chapter. 


The evidence given on questions of primary importance was thus 1s briefly 
summarised and brought together. 


We think that this summary may possibly be of general utility and we have 
therefore decided to publish it, but of course the evidence itself should be consulted 
by anyone wishing to make a complete study of the subject. 


(III) Reports on the observations of artificial processes at the following 


places :— 
Accrington. Halton. Maidstone. 
Andover. . Hampton. Newton le Willows. 
Calverley. Hartley Wintney. Normanton. 
Caterham. | Hendon. Oswestry. 
Chorley. Hendon (Dueat filter). _ Prestolee. 
Clifton. Horfield. Rochdale. 
Exeter (Main Works). Kingston-upon-Thames. Slaithwaite. 
Exeter (St. Leonard’s). Knowle. Withnell. 
Guildford. Little Drayton. York 


(IV) Reports on the special investigations, mentioned on page 7, at 
Accrington, Dorking, Exeter, Guildford, Hendon, and Ilford. 


Memorandum by Mr. Frye upon experiments carried out at Oldbury 
on the treatment of the sewage of that town. 


Memorandum by Dr. McGowan as to measuring strength of sewage. 


Report by Dr. McGowan and Mr. Frye on the estimation of the work 
done by filters which have been under the observation of the Commission. 


Report by Dr. Houston on laboratory experiments on the biological 
purification of sewage. | 


Report by Dr. Houston on the biological character of B. coli in sewage 
and sewage effluents. 


~ Reports by Dr. Houston on the results of the bacter iological examination 


of sewage and effluents from the sewage works at Bradford, Leeds, Manchester, 
and Tio 


Report by Dr. Houston and Dr. McGowan on the sterilisation of the 
Lincoln water. VA 


(V) Reports by Mr. Baldwin Latham, M-Inst.C.E., and Mr. R. A. “Tatton 
M.Inst.C.f., upon the effect of rainfall on the flow of sewage. 
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(VI) A report by Professor Letts and Dr. Adeney on the pollution of estuaries and 
tidal waters. In regard to this we may refer to paragraph 116 of our fourth 
Report, which was as follows :— 


“Tn connection with the question of standards as regards offensive putre- 
faction and injury to fish, we may state that much work has already been done, 
both in this country and abroad. We have therefore thought it desirable that 
the results of this work should be collected and collated. Mr. E. A. Letts, 
D.Sc., F.LC.; Ph.D., Professor of Chemistry at Queen’s College, Belfast, and 
Mr. W. HE. Adeney, D.Sc., Vice-President of the Institute of Chemistry, Curator 
and Examiner in Chemistry in the Royal University, Dublin, have kindly 
arranged to do this and to report to us on the question how far these results 
may suffice to show the conditions under which tidal rivers would become, 
(@) a nuisance in consequence of offensive putrefaction or (0) injurious to fish, 
either in consequence of the diminution of oxygen or the presence of poisons. 
The results so collected will, we hope, be of considerable use in enabling each 
Rivers Board to deal with waters under its jurisdiction.” 


To this report is appended a Paper by Mr. Gilbert J. Fowler, D.Sc., F.I.C., on the 
effects of discharge of septic tank sludge into a tidal estuary. 


(VII) A copy of a circular letter on the question of standards for sewage 
effluents, and of the replies which were sent to us by chemists and others. 


(VIL) Reports by Mr. W. Somerville, D.Sc., Mr. T. H. Middleton, M:A., M.Sc., 
and Dr. J. A. Voelcker upon experiments on the manurial value of sewage sludge. 


TERMS OF REFERENCE. 


10. The first paragraph of the Terms of Reference requires us to state how (a) 
sewage, (6) sewage and trade effluents, and (¢) trade effluents alone, may be properly 
treated or disposed of having regard to the requirements of 


I.—The existing law. 
Il.—Public health. 
III.—Economy and efficiency. 


The second paragraph requires us to report by what rules, in relation to varying 
.circumstances or requirements, should the particular method to be adopted be 
determined. 


These terms open up a wide field of inquiry, and the second paragraph involves 
‘intimate study of various methods of treatment, many of which are new, under a very 
Jarge number of different conditions. 


GENERAL CONCLUSION. 


11. Before dealing in detail with the numerous questions involved in our inquiry, 
we think it will be convenient that we should at once state our general conclusion on 
the question contained in the first paragraph of our Terms of Reference. 


We are satisfied that it is practicable to purify the sewage of towns to any degree 
required, either by land treatment or by artificial filters, and that there is no essential 
difference between the two processes, for in each case the purification, so far as it is 
“not mechanical, is chiefly effected by means of micro-organisms. The two main 
questions, therefore, to be considered in the case of a town proposing to adopt.a system 
of sewage purification are, first, what degree of purification is required in the circum- 
stances of that town and of the river or stream into which its liquid refuse is to be 
discharged; and, second, how the degree of purification required can, in the particular 
case, be most economically obtained. 


* The choice of a scheme must depend on a number of considerations which will be 
discussed later, but we may here state that we know of no case where the admixture of 
trade refuse with the sewage makes it impracticable to purify the sewage either upon 
land or by means of artificial processes, although in certain extreme cases special 
processes of preliminary treatment may be necessary. 
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PLAN OF REPORT 


12. We propose to divide this Report into the following parts :— 


Part 1 


Preliminary Treatment of Sewage. 


Introductory Remarks ... 
Strength of sewage as affecting purification 
Preliminary processes for the removal of suspended matters 
General observations vA Ale 
Screening 
Grit. or detritus tanks 
Sedimentation tanks 
Septic tanks 
Chemical precipitation 
Observations as to the relative cost of various pre- 
liminary processes wid 
Observations on the choice of tank treatment 


Part IT. Purification of Sewage by artificial filters. 


Introductory Remarks ... 

Extent to which suspended matters should be removed 
before filtration bn i), 

Contact beds Re ae 

Percolating filters 

Relative cost of contact beds and percolating filters 

Relative efficiency of contact. beds and pergelasang filters... 

Concluding observations 

Table of analytical results obtained at Accrington, Burnley, 
Heywood, Huddersfield, Leeds, Manchester, Oldham, 
Sheffield, and other places which have been under 
observation ve iz oe 


Part IJ. Purification of sewage by treatment on land. 


Introductory remarks 

Comparison of effluents from land and from artificial filters 

Volume of sewage which can be treated on and 

Cost of land treatment . 

Comparison of cost of land treatment and treatment by 
artificial filters ... ve oar pee 


Part 1V. Sludge. 


Part 


Methods of disposal of sewage iaane 
Manurial value of sewage sludge ... oat 
Sludging of mill dams ... ie ork 


V. General. 


Effect of trade effluents on sewage purification .. 
Nuisance from smell at sewage works 
Observations on choice of a method of sewage treatment 
Treatment of storm water sewage ... 
Separate and combined systems of sewers ° 


| 


Pat VI. Standards and Tests. 


Standards for sewage effluents ae 
Tests for sewage eftluents in relation to standar ds 
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Part VIUL. Summary of conclusions and recommendations. 
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PART I: PRELIMINARY TREATMENT OF SEWAGE. 





INTRODUCTORY REMARKS. 


13. Sewage generally may be said to consist of a mixturecf saline matter in solution 
and nitrogenous and carbonaceous organic matter in solution and suspension together with 
a certain amount of grit and mineral matter. The objects to be aimed at in its 
purification are the removal of the suspended matters and the oxidation of the remaining 
organic matter and ammonia. 


There is a considerable amount of evidence to show that the oxidation of the organic 
matter during its passage through filters or land is chiefly a biological process, but as to 
the exact nature of the action which takes place very little is known. 


One of our chemists, Mr. Colin Frye, carried out a * series of experiments at Leeds, 
in which hé showed that, although a mature filter could not appreciably oxidise sewage 
sterilised with corrosive sublimate, it could oxidise sewage which had been sterilised with 
steam. Further, that a sterile filter could not appreciably oxidise sterile sewage. 


We may also refer to some experiments which Dr. Houston, our bacteriologist, made 
during the year 1903. (Report by Dr. Houston on laboratory experiments on the 
biological purification of sewage: contained in Appendix IV.) 


These experiments seem to suggest that the presence of such non-sporing bacteria as 
B. coli, B. proteus, etc., are not essential to purification, and that the work may be 
performed by other micro-organisms. 


They also show that, although a filter may contain initially an enormous number of B. 
coli, if the liquid passing on to the filter contains none of these micro-organisms, this 
microbe rapidly disappears from the effluent, although the filter may still be able to support 
the life of many other bacteria. It is therefore to be inferred that sewage filters, when 
working properly, are not likely to provide suitable breeding grounds for pathogenic bac- 
teria, although they allow a certain number of such bacteria to pass through them. 


14. As regards the fermentative changes which occur in the purification of sewage, Dr. 
Adeney has made a large number of valuable experiments. His results have been pub. 
lished from time to time in the Transactions of the Royal Dublin Society, and in the pro- 
ceedings of the Royal Irish Academy, and a connected account of the work is included 
in the ¢ Report, which he and Dr. Letts have presented to the Commission on the Pollution 

of Estuaries and Tidal waters. 


Dr. Adeney founds the following general conclusions on his work :— abt Si: 


GENERAL SUMMARY. 


“In the foregoing pages the chemical changes, which occur in a polluted water during so-called self-puri- 
fication under aerobic conditions, and the laws underlying them, have been traced and established ; and this 
has necessitated the discussion in minute detail of a large amount of experimental evidence of a varied char- 
acter. A brief summary of the results arrived at, apart from experimental details, may therefore prove of 
some convenience to those interested in the subject. 


“ The most important change which occurs in an unpolluted water, when it is mixed with sewage or other 
water-borne refuse matters, is the more or less rapid absorption of its dissolved oxygen. 


“The absorption may be effected in three different ways :—(1) The polluted water, from its own state 
of total or comparative de-aeration, reduces the aeration of the unpolluted water by simple dilution; (2) 
_ ‘the polluted water may contain directly and easily oxidisable substances, which on becoming mixed with the 
unpolluted water will cause a more or less rapid loss of its dissolved oxygen ; (3) the organic constituents of 
the sewage, which are not directly oxidisable (and they usually form the greater portion of the organic sub- 
stances in it), and the ammonium compounds, are oxidised through the agency of water bacteria, and thus 
indirectly cause a loss of dissolved oxygen. . 


“ These possible causes of de-aeration are enumerated in the order in which they would in all probability 
take effect under natural conditions. The first is obvious, although its importance has not been sufficiently 
Tecognised, Its effect can easily be differentiated from the other two, if the amount of dissolved oxygen, or 
as it is generally termed, the degree of aeration of the polluted water, be first determined, and this can be 
done without difficulty either by a gasometric or volumetric method. 


SOP a description of these experiments see our Second Report, Cd. 1178 [1902]. 
7 See Appendix VI. 
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“ The second cause of de-aeration is equally obvious, although its impcrtance has also not been 
sufficiently realized. Such experiments as those recorded in Tables 34, 35, SDA, 36, and 37 prove that 
directly oxidisable bodies, from the rapidity with which they absorb oxygen, constitute a greater danger to 
the aeration of the water with which they become mixed than do indirectly oxidisable substances. Hence 
it is necessary to know the rate of absorption of oxygen caused by them as well as by indirectly oxidisable 


substances. 


“Tt is impossible to foretell the influence of these two causes of de-aeration from any information 
derivable from the ordinary methods of chemical analysis. It is, however, possible to do so by means of the 
aeration method, and the foregoing pages have been largely devoted to a description of that method, and of 
the experimental investigation upon which it is based. 


* A study of indirect oxidation by this method has shown that itis a physiological process analogous to 
the respiratory process of higher vegetable systems; but that it is only one, although the principal one, of a 
number of physiological processes concerned in the self-purification of a polluted water under aerobic 
conditions. 


“Tt is unnecessary to discuss these in detail. It is sufficient for the study of polluted waters to recognise 
the possibility of processes of digestion (by enzymes), and to regard the remainder as together exercising one 
function, viz., the synthesis of the constructive materials required for the growth and multiplication of the 
bacteria, and at the same time to remember that there must result from these synthetical processes waste or 
by-products, which may be regarded as excretory substances. 


“The chemical changes which are produced by the above processes may collectively be termed fermen- 
tative changes for convenience of reference. 


“Experiments with samples of sewage and of polluted waters, of various descriptions, have been made, 
and it has been found that when they were severally mixed with unpolluted water in small proportions, within 
the limits of fouling, the fermentative changes which follow exhibit a definite and regular sequence. The 
organic matters first suffer complete fermentation, the products of change being carbonic acid, water, 
ammonia, and organic substances possessing the chemical and physical properties of the humus of cultivated 
soils, and of the organic substances to be found in all unpolluted natural waters, especially in those from upland 
surfaces. F 


‘A second stage of change subsequently ensues, in which these humus matters and the ammonium com- 
pounds are further fermented, the resulting products being carbonic acid, nitric acid and water. 


“ The inorganic products of the first stage of fermentation result from the action of the respiratory pro- 
cess, and possibly also of enzymes; and the humus-like substances are waste products from the synthetical 
processes. 


“Tt is a point of interest to note that free nitrogen has not been observed amongst the products of the 
fermentation of organic substances in water under aerobic conditions, although it does undoubtedly occur 
amongst the products of fermentation in percolating filters even when the conditions therein are wholly 
aerobic. It is a question, no doubt, of intensity of oxidation. The filter presents conditions for an extremely 
rapid and intense oxidation ; while water in large bulk, owing to the sparing solubility of oxygen in it, can 
only allow a sluggish oxidation to proceed in it. 


“Experiments with distilled water solutions of simple organic substances of known composition have 
shown that the respiratory process is one of simple oxidation, and that the organic matters affected by it are 
completely oxidised to the inorganic products, carbonic acid, ammonia and water. The oxidation may either 
be complete step by step as the fermentation proceeds, or only partial at first but finally complete, according 
to the chemical properties of the substances undergoing fermentation. 


“In the simple solutions employed in these experiments, it was evident from the composition of the 
organic substance dissolved in each and from the ratio of the carbon dioxide formed to oxygen absorbed, on 
its complete fermentation, that the oxygen was almost, if not entirely, taken up by the respiratory process. 
Other experiments, however, have shown that it is quite possible under certain exceptional con- 
ditions as to the composition of the fermenting substances, for the synthetic processes to take up relatively 
considerable quantities of oxygen. Whether oxygen is or is not taken up by these processes appears to be a 
question of composition of the fermenting substance, as might be expected. In ordinary cases, however, of 
polluted waters, the composition of the polluting substances generally appears to be such that during their 
fermentation the absorption of oxygen is practically confined to the respiratory process. tes: 


“ Enzymic action is intimately associated with the respiratory process in the fermentation of many 
organic substances. The chemical changes induced by them are principally hydrolytic, and the products 
are generally simplifications of the original body; and these undergo further fermentative change. Only 
in the case’ of urea do they bring about a complete change to the ultimate products, carbon dioxide 
and winmonia. 


“Sometimes enzymic changes occur with almost explosive velocity; ¢.9.s asparagin, when present 
in the fermenting water, is hydrolysed with extreme rapidity, the whole of it being converted into aspartic 
acid and ammonia at the very commencement of the fermentation, the hydrolysed product, aspartic acid, then 
undergoing complete fermentation. | 


very much more so than the other fer- 


“‘ In other cases, enzymic change may proceed extremely slowly, 
y S vE i “ hen present in some polluted waters. 


mentative changes which may be going on in the same water. Urea w 
is an example of this. f 


“There are some other substances which may occur in polluted waters, e.g., native albumins and fats, 
which require to undergo enzymic change before they can be readily fermented by water bacteria. 
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“The chemical changes which are brought about by the respiratory process and by enzymes may be 
regarded as yielding a continual supply of energy to the bacteria. They effect the complete oxidation of 
70 to 80 per cent. of the organic substances originally present in the polluted water. 


“The new material resulting from the synthetical process accounts probably for about 5 per cent., or 
even less, and the waste products for the remaining 15 to 25 per cent. . 


** As regards possible relationships between the volume of carbon dioxide formed to oxygen absorbed 
in a polluted water, it is obvious there can be no very definite one, especially when the water contains directly 
and easily oxidisable substances, e.g., sulphides, etc., in addition to indirectly oxidisable ones. As a matter 
of fact, however, in the case of most waters polluted by fresh sewage, a fairly constant relationship has been 
observed, the ratio of carbon dioxide to oxygen being approximately as 1:1. If the sewage be putrefactive 
and contain sulphides, the ratio may be much less, e¢.g., the ratio for the septic tank liquor employed for the 
experiments recorded in Table 39 is as 1:1°3. 


“ After the completion of the fermentation of the organic matters, a second stage of change, as already 
noted, sets in, and during it the products of the first stage, that is, the ammonium compounds and the humus 
matters, undergo further fermentation. As a result the former are completely oxidised to nitric acid and 
the latter more or less completely to carbon dioxide and nitric acid. The point of interest and importance 
in this stage of fermentative changes is the influence of the humus matters on the oxidation of the ammonium 


compounds. 


“Laboratory experiments have shown that they not only accelerate the fermentative changes, but that 
their presence is necessary for the oxidation of the ammonium compounds to nitric acid. When they are 
entirely absent, the oxidation is not carried under ordinary conditions beyond nitrous acid. 


“When the ammonium compounds are present in slight excess of the humus matters, both may be com- 
pletely fermented, the inorganic products being carbon dioxide, water and nitric acid. 


“The changes which humus matters may undergo when in excess of the ammonium compound appears 
to be very variable. For example, when fresh, a portion of their carbon is readily oxidised to carbon dioxide, 
and then, if unassociated with compounds of ammonia, they cease to undergo much further change. 


“The volume of oxygen actually absorbed in the second stage of fermentation does not bear a constant 
ratio to the oxygen theoretically equivalent to the nitrous and nitric oxides formed. The volume may be 
greater than the theoretical, in the proportion of 10 : 8:14 (Table 19, Experiment 1 and 1a), if humus matters 
are wholly absent ; or less, e.g., 10: 13°5 (Table 19, Experiment 2), if these are present in large quantities 
and are freshly formed. 


“Where, as in ordinary cases of polluted tidal waters, humus matters are unlikely to be present in any 
but small proportions, the volume of oxygen required for the oxidation of the ammonia to nitric acid can be 
calculated with sufficient accuracy from the equation :— 


2 NH, +4 0, = N,0,+3H,0. 


“On comparing together the changes which progressively occur in the two stages of fermentation which 
have been described, it becomes evident that the oxidation of ammoniacal nitrogen to nitrous and nitric acids 
constitutes the central feature of the second stage, just as the oxidation of organic carbon to carbon dioxide 
constitutes the central feature of the first stage. It may be concluded, therefore, that the products nitrous 
and nitric acids of the one stage are the analogues of the product carbon dioxide of the other stage. The 
first stage of fermentation may consequently be termed the carbon-oxidation stage, and the second the 
nitrogen-oxidation stage. These terms have the advantage of emphasising a fact which it is necessary to 
keep in mind in dealing with the subject of water pollution ; it is that the sequence of the chemical changes, 
which occur during self-purification under aerobic conditions, takes place in accordance with thermo- 
chemical principles. 


“A classification of the substances which may occur in polluted waters may be made, based on their 
behaviour towards the dissolved oxygen of the water, as follows :— 
(1) Directly oxidisable substances. 
(2) Indirectly oxidisable substances. 
“* These latter may be further sub-divided, according to their fermentative properties into— 
(a) Carbon oxidisable substances, that is, most known organic substances except antiseptics. 
(b) Nitrogen fermentable substances, that is, the waste products from a first stage fermentation, 
and ammonium compounds. 


“* Not only do the fermentative changes in a polluted water follow a definite and regular sequence, but 
the relationship between the oxygen absorbed and the products formed, and between both of these and the 
quantities of polluting matters originally present, are quantitative according to the following law :—The 
quantities of oxygen absorbed, and of products formed, on the completion of each stage of aerobic fermenta- 
tion, is constant for similar volumes of the same polluted water, provided that the dissolved oxygen is in 
excess of the fermenting matters. 


“Tt must be granted from the above brief description of the fermentative changes which occur in a water 
during self-purification under aerobic conditions, that the significance of the presence of indirectly oxidisable 
substances in water depends not upon their exact quantity and chemical composition, but upon their fer- 
mentative properties and on the rate at which they will absorb oxygen from the waters with which they are 
mixed The same remark applies with equal force to directly oxidisable substances.” 


“Tt must also be granted that the methods which are at present employed for the analysis of sewage and 
of sewage effluents, which were originally worked out for the analysis of potable waters, do not afford 
information of this kind. The aeration method has consequently been proposed for the purpose. As may 
be gathered from the perusal of pp. 67-9] it is possible to determine by its means the rate of absorption as 
well as the total absorption, of oxygen which a sewage or sewage effluent is capable of setting up when mixed 
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in small proportions with unpolluted river or tidal water, during direct oxidation as well as during both stages 
of indirect oxidation. From the description of the method given on p. 96, it will be seen that several mcdi- 
fications in working can be adopted according to the object in view, that is to say, whether it be desired to 
study the fermentative changes step by step in their entirety, or simply to determine the rate of, or total, 
absorption of oxygen during them. The modifications re quired for the latter purpose can be so simply operated 
that untrained persons can be taught to carry them out without difficulty. 

“ Another phase of the subject of the self-purification of slightly polluted waters, and a scarcely less 
important one, is the rate at which the dissolved oxygen in such is replenished from the atmosphere under 
natural conditions, when it is being absorbed by polluting matters. It is obvious that definite information 
is required on this question before it will be possible to formulate standards of impurity for the protection 
of river and tidal waters from over-pollution. 

“ Experiments have been described which afford some fairly trustworthy information on this subject. 
The results of these experiments were quite unexpected, since they show that the slow rate of re-aeration of 
large volumes of de-aerated tidal water under calm weather conditions is not due to the slow process of mixing 
by thermal current or of diffusion of the dissolved gas after it has been taken up in solution by the surface 
layers of the waters exposed to the air. On the contrary, it has been shown that the slowness of re-aeration 
is due to retardation of the process of solution at the water’s surface, and that when oxygen has become 
dissolved at the surface from the atmosphere, it is drawn with comparative speed through the water, ap- 
parently by some unexplained process of gravitational streaming. It has also been shown that long columns 
(6 feet) of de-aerated fresh or sea water enclosed in narrow glass tubes of small bore are comparatively quickly 
re-aerated when the surfaces of the columns were kept continuously broken, either by a mechanical stirrer 
cr by a slow current of air delivered by an inlet tube dipping a little below the surface. 


“Tt has, furthermore, been found from these experiments that the aeration of the sea water columns 
was effected much more rapidly than that of the fresh water columns, and that the dissolved gases showed 
practically no tendency to accumulate in the surface layers of the sea water columns, but passed almost as 
quickly through them as they were dissolved, with the result that the degree of aeration of the water is found 
to be nearly uniform throughout the length of the column, if it be tested at different depths at any time during 
the process of aeration ; while in the case of the fresh water columns the dissolved gases did show a tendency 
to accumulate in the upper layers, and did not pass so rapidly to the lower layers.” 


15. Dr. Fowler, Professor Frankland, Mr. Harrison, Dr. Letts, Dr. Reid, Mr. Stoddart, 
Dr. W. Owen Travis and many others have also carried out numerous experiments with 
a view of elucidating some of the scientific questions involved in the purification of sewage, 
but notwithstanding the fact that a considerable amount of exact knowledge has been 
gained as the result of the experimental investigations which have been already made, 
there are many questions in regard to which our knowledge is exceedingly limited. 


As regards the actual disposal of sewage on a practical scale, Colonel Harding 
and Mr. W. H. Harrison, at Leeds; Dr. Fowler, at Manchester; Mr. J. D. Watson 
and Mr. F. R. O’Shaughnessy, at Birmingham; Messrs. Willcox and Raikes, and 
Dr. George Reid at Hanley, Newcastle-under-Lyme, and elsewhere; Mr. A, H. 
Valentine and Dr. J. B. Wilkinson, at Oldham; Messrs. Raymond Ross and G. H. 
Pickles, at Burnley ; Mr. Joshua Bolton, at Heywood; Mr. J. H. Kershaw, at Rother- 
ham; Mr. K. F. Campbell, at Huddersfield; Mr. J. Carter Bell, at Salford; Mr. C. F, 
Wike and Mr. J. Haworth, at Sheffield, and others have carried out many valuable 
experiments in regard to certain methods of purifying sewage. These gentlemen have 
placed before us all their results, and have been most liberal in assisting us in every 
possible way. 


16. As regards our own work we have, in an earlier paragraph, explained the 
general scope of our investigations. 


Throughout our inquiry we have endeavoured to gain such knowledge as would 
enable us to pass from the stage of broad qualitative observation to one of exact 
quantitative statement, but in regard to many matters this transition is not at present 
practicable, and, therefore, we can only comply in general terms with the terms of 
reference which directed us to state “‘by what rules, in relation to the nature or volume 
of sewage, or the population to be served, or other varying circumstances or requirements, 
should the particular method of treatment and disposal to be adopted be determined.” 


The circumstances of different places are of endless variety and there are many 
varieties of treatment, any one of which will be successful, if properly carried out. The 
main question to be determined in each case is which of these methods will be cheapest, 
having regard to the local circumstances. 


_ We propose to disctiss various methods of disposal in some detail, and then to in- 
dicate, in broad terms, the considerations whch should be borne in mind in the selection 
of a method of treatment for any particular case. 


15 
STRENGTH OF SHWAGE AS AFFECTING PURIFICATION. : 


17. The composition of different sewages varies to a large extent, and it isimportant to 
consider how strength of sewage, as affecting purification, may be measured. The amount 
of filtration necessary to produce an effluent of any given standard of purity varies, to 
a wide extent, with different sewages. 


The variations in strength of the sewage of different towns depend chiefly on the 
amount and nature of the water supply ; the extent to which the houses are provided 
with water closets ; whether a separate system of sewers is provided for storm 
waters ; and what trade effluents (if any) are admitted into the sewers. Dr. Fowler 
has pointed out that a fairly accurate idea of the strength of sewage, as affecting purifica- 22735. 
tion, may be arrived at by measuring the number of gallons of sewage per head per day 
arriving at the outfall and making allowance for the other factors, while other witnesses 
have suggested that) the usual tests, such as “ oxygen absorbed ”’, are sufficient. 


18. Where, however, a more exact measure of strength is needed, we are inclined to 25578. 
think not only on theoretical grounds, but also as the result of experience, that this can at 
present best be obtained by ascertaining the amount of dissolved oxygen taken up during 
the complete, or practically complete, oxidation of the organic aid ammoniacal matter 
in the sewage. 


The purification of sewage is to a large extent a process of indirect oxidation 
through the agency of bacteria, and one of the chief things required to be known about 
any particular sewage is how much oxygen is required for its complete oxidation. 
The rate at which the sewage will take up oxygen is also a factor of importance, in 
that it furnishes information as to the character of the organic matters. 


The dissolved oxygen test is a biological process, and it differs from the ordinary 
tests—such as oxygen absorbed from permanganate—in that it takes account of practically 
the whole of the organic matter, and not merely that of a particular kind. | 


The amount of oxygen which a sewage can take up is, however, only an 
approximate measure, for purposes of purification, of its strength, as some constituents 
of sewage are oxidized by filters or land more readily than others, and the proportion 
which they bear to the total organic matter varies largely in different cases. 


19. To determine the amount of oxygen which a sewage requires for its oxidation, a 
definite quantity of the sewage is allowed to remain in contact with a known excess of 
oxygen until it is completely oxidised, and the oxygen remaining over is then measured. 
This can be done either: 


(a) By diluting the sewage largely with good tap water, estimating the 
oxygen in solution in a portion of the mixture, and allowing the remaining 
portion to stand in a bottle which is filled completely and shut off from all 
access of air. At least two months must be allowed for this, after which the 
oxygen remaining in solution is determined. The difference represents the 
oxygen used up. 


(6) By keeping the sewage, without diluting or diluting only very slightly, 
continuously aerated in a bottle containing a measured excess of air. Dr. Adeney, 


who has suggested this plan, has found it to be very much more rapid than 
the first. 


20. A serious disadvantage in the use of the dissolved oxygen test as a measure of the 
strength of sewage is that it requires, even with the more rapid method suggested by 
Dr. Adeney, a comparatively long time to oxidize the organic matter completely by 
dissolved oxygen. From the results of a considerable number of laboratory experiments 
with method (a), we thought that a period of about two months might be generally taken 
as sufficing for the oxidation of nearly all the oxidisable matter, excluding (to some extent, 
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at least) cellulose and fat. Later results, however, appear to show that this may be too 
short a time under ordinary conditions of experiment. Though we have not made 
enough observations on the point to speak definitely, we are satisfied that the oxidation 
of cellulose and fat in diluted sewage, under the aerobic conditions of our experiments 
and at ordinary temperature, is slow*. In practice, however, there are but few 
instances of the treatment of crude sewage on biological filters, and the amounts of 
cellulose and (probably) of fat which are present in the liquids usually treated (settled 
sewage, septic tank liquor, and precipitation liquor) are relatively small. | 


By method (b) and by making use of a mechanical shaker attached to a suitable 
gas apparatus, Dr. Adeneyf succeeded in oxidizing strong septic tank liquor by means of 
atmospheric oxygen, without any dilution with water, while he followed the course of 
the reaction by determining at different intervals of time the quantity of oxygen required 
by known volumes of the liquor. In this way he reached the nitrification stage of the 
process in twelve days. The method is thus a great advance, as regards time required, 


upon the dilution method. 


Recently Dr. Adeney has invented an ingenious apparatus for carrying out the 
dissolved oxygen absorption test, by which the rate of absorption of oxygen as well as 


the total amount of oxygen taken up can be readily measured. It 1s described on p. 438 
of Appendix VI. | 


21. With a view to ascertaining whether the dissolved oxygen absorption test bears 
any more or less constant ratio to other and more rapid tests, Dr. McGowan, our chemist, 
has made a number of observations. 


He gives figures to show that the amount of dissolved oxygen which a sewage would 
take up during oxidation can be arrived at, with a fair degree of accuracy, by a calcula- 
tion based on the “‘ oxvgen absorbed ”’ figure and the figures of analysis of the ammoniacal 
and organic nitrogen. 


A copy of Dr. McGowan’s Memorandum is printed in Appendix IV.: the following 
extract shows the formule which he suggests :— 


“By applying the results given in Table A it would appear that the relative ‘strength’ of a sewage 
liquor can be arrived at rapidly, with a fair degree of accuracy, by estimating the ammoniacal and organic 
nitrogen and the ‘oxygen absorbed” from strong acid permanganate at once and in 4 howrs at 27°C. (80°F.), 
and afterwards making use of one of the following alternative formule :— 














1 
Y For Sewages. (Ammon, + Organic N.) x 45+(Oxygen abs. in 4 hrs. x 6:5). 
Column 9. For Septic Tank Liquors. A “e = +( , he x 65), 
For Precipitation Liquors. f As # +( 5; ir x 6:0). 
(2) 
For Sewages. (Ammon.+ Organic N.) x 3°0+(Oxygen absorbed in 4 hrs. x 8-0). 
Column 10, For Septic Tank Liquors. s 5 3 tite 5 3 x 8:0). 
For Precipitation Liquors. i 4s yy BY 3 4 x75). 
(3) 
f For Sewages, (Ammon, N. + 4:5) + (Oxygen absorbed in 4 hrs. x 80). 
Column 8. ( For Septic Tank Liquors. és ‘5 Cas “A 5 x 75). 
\ For Precipitation Liquors. fe # +( 5 s 3 WD). 








‘The variations in the individual ratios given by the same kind of sewage liquor in Table A are too 
great to allow of this method of arriving at their ‘strengths’ being more than approximate. Probably the 
variations would have been less marked if all the long aerations had been carried out in mercury-jointed 
bottles, and if the small quantities of gases evolved had been allowed for. Further experiments will, how- 
ever, settle the point.” 





* One part of cellulose, by weight, requires only 1:2 parts of oxygen for its complete oxidation ; 
one part of fat requires nearly 6 parts of oxygen.  ‘Tri-palmitin C,H, (OC,,H,,O), is taken here 
to represent fats generally. 


+ The Pollution of Estuaries and Tidal Waters. Report to the Royal Commission on Sewage 
Disposal, by Professor Letts and Dr. Adeney, p. 101 ¢¢ seg. See Appendix VI. 
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As regards Dr. McGowan’s suggestion, we consider that until the method of calcula- 
tion which he proposes has been compared with the results of direct experiment on 
a larger number of different sewages, no statement can be made as to its precise accuracy. 
We have, however, found it convenient to use the method in the preparation of this 
Report in order to bring results at different places into line. 


In later sections we shall frequently define the strength of a sewage or sewage 
liquor by a number. This number is intended to represent the number of parts, 
by weight, of dissolved oxygen which 100,000 parts of the liquid would take up during 
the oxidation of the oxidizable matter contained in such liquid. It will not, however, 
have been arrived at by direct experiment, but by a calculation, according to the first 
of the formule suggested by Dr. McGowan, and it must therefore only be regarded 
as approximately representing what it is intended to represent. 


22. As bearing on the question of strength of sewage as affecting purification, we 
may refer to our experiments at Accrington. 


A double contact bed plant filled with rather fine and graded material was provided 
in duplicate. On one set of contact beds, septic tank liquor was treated at the rate of 
80 gallons per cube yard per day; on the other set, the same septic tank liquor diluted 
with an equal volume of tap water was treated at double the rate. The percentage 
purification was slightly greater in the case of the contact beds treating the weaker 
liquor. 


Two exactly similar percolating filters, 9 feet deep, filled with coarse material, 
were also provided. 


On one filter, septic tank liquor was treated at the rate of 100 gallons per cube yard 
per day ; on the other filter, the same septic tank liquor diluted with an equal volume 
of tap water was treated at double the rate. In this case the percentage purification 
was slightly greater with the filter treating the stronger liquor. 


The differences in the percentage purification were, however, in both plants so small 
that we think it may be taken broadly that, within ordinary limits of concentration and 
volumes treated, it is the amount and nature of the organic impurity present which 
mainly determine in practice the ease or difficulty of purification ; in other words, that, 
within practical limits, mere dilution does not affect the size of the filtering plant which is 
necessary. Of course if the dilution is so great as to cause water-logging of the filters, 
their purifying power would be seriously diminished, and this statement would not 
hold good. 


The Accrington experiments are dealt with more fully on pages 110 to 117 of 
this Report. 








t See Appendix IV. for a full account of these experiments, 
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PRELIMINARY PROCESSES FOR THE REMOVAL OF SUSPENDED MATTERS. 





GENERAL OBSERVATIONS. 


23. The evidence which we have received and our own experience show that it is 
generally more economical to remove from the sewage, by a preliminary process, a con- 
siderable proportion of the grit and suspended matter, before attempting to oxidize the 
organic matters on land or in filters. | 


It is true that at Leeds, Sutton, Hampton, Hendon (the Ducat filter), Market Drayton 
(the Ducat filter), and elsewhere, crude sewage has been satisfactorily purified in filters 
with almost complete absence of nuisance, but at most of those places, this plan has been 
abandoned because of the rapid choking of the filters. 


As regards the treatment of crude sewage on filters, we have ourselves made detailed 
observations at the following places :— 


Hampton. Maidstone. — 
Hendon. Newton-le- Willows. 
Little Drayton. Withnell. 


Reports on these observations are published in Appendix III. 


There are also many cases in which crude sewage has been passed over land, but the 
evidence shows that land treatment of crude sewage is liable to give rise to nuisance by 
the accumulation of solids on the surface of the land. Moreover, in some cases these solids 
are apt to form an impervious layer which interferes with the aeration of the soil, and so 
impairs the efficiency of the treatment. | 


SCREENING. 


24, On arriving at the works the sewage is usually passed through coarse screens 
for the purpose of removing the grosser suspended matters, such as sticks, cloths, paper, 
corks, etc. 


The removal of such suspended matters is almost essential where the sewage has to be 
pumped, and in other cases it is usually considered an advantage. 


Although the amount of suspended matter which is removed by coarse screens bears 
only a small proportion to the total suspended matter, the screenings have some 
manurial value, and there is usually no difficulty in getting farmers and others to take them 
away. 


The screens in use are of various kinds, and some are provided with automatic 
apparatus for clearing them. 


Experiments with fine screens were carried out at Leeds,* with a view to ascertaining 
sete er 1t was practicable to remove a large proportion of the total suspended solids in 
‘this way. , 


With a screen of a mesh of 30 to the inch, however, rather less than 10 per cent. of 
the total of the suspended matters was removed. 


The use of fine screens is always attended with difficulty as they choke readily, and 
the experience of Leeds seems to show that where tank treatment is provided as a pre- 
liminary process, the cost of fine screens would not be justified. 


In the circumstances obtaining at Birmingham, Mr. Watson prefers not to screen 
the sewage, but to allow the whole of the suspended matter to flow, with the sewage, to 
the first sludge tanks. Mhe sludge itself is screened, to remove the grosser solids, 
before it is disposed of on land. 
NLT UREN cm, pe ee 

* Report on experiments in Sewage Disposal, June, 1905, by'Col. T. W. Harding and Mr. Harrison. 


19 


GRIT OR DETRITUS TANKS. 


25. Most of the witnesses whom we have examined favour the removal of the heavy 
suspended matters, such as grit or road detritus, as a first operation, and our own observa- 
tions have shown that in most circumstances it is desirable to provide tanks for this purpose. 


These tanks are usually designed so that the speed of flow will allow the mineral 
matters to settle out of the sewage, while the bulk of the organic suspended matters are 
carried forward. 


_ The extent to which the heavy matters need be settled out of the sewage as a first 
operation depends in some measure on the subsequent treatment which is to be adopted. 4 


Where septic tanks are to be used which will only be cleaned out at long intervals 
of time, fairly thorough preliminary settlement of grit is generally desirable. The removal 
of the sludge which has accumulated over a long period in a septic tank is, as a rule, a 
matter of difficulty, as the sludge is often so thick that it cannot be pumped unless sewage 
or water is mixed with it. Much mineral detritus in the sludge increases this difficulty. 


We also consider that in the case of septic tanks from which a portion of the sludge 
will be removed periodically, preliminary settlement of the mineral detritus is, 
as a rule, desirable. Tanks to be used in this way are generally provided with 
sludge channels formed in the concrete floor. If the sludge to be drawn off contains much 
mineral detritus, it will not flow to the channels but will remain in heaps at the side. 


In the case of a very small works (flow of sewage up to, say, 10,000 to 15,000 gallons. 
per 24 hours) where septic tanks are used for the preliminary process, the provision of 
grit or detritus tanks which require constant sludging may necessitate more labour than 
would otherwise be the case, and in such circumstances it may be more economical to 
allow everything to go forward into the septic tank. Although the presence of the mineral 
- detritus ia the general tank sludge would make the sludging of the tank a more difficult 
operation, the saving of labour between the intervals of sludging would probably more 
than balance the extra cost of removing the sludge. 


Where precipitation or sedimentation tanks are to be used, and especially if the 
district is sewered on the combined system, it will, we think, generally be found better 
to settle out a considerable proportion of the mineral detritus before allowing the sewage 
to pass into the tanks. The necessity of giving thorough preliminary settlement of the grit 
is not, however, in these cases of so great importance, for the presence of grit in sludge 
renders the latter more amenable to pressing and drying. 


SEDIMENTATION TANKS. 


26. All tanks are sedimentation tanks, but it is convenient to limit the expression 
to tanks in which the sewage is allowed to settle, without the aid of chemicals, and from 
which the sludge is frequently removed. 


In some cases the tanks are allowed to stand full, and the supernatant liquid is drawn 
off by a floating arm. In other cases the sewage is allowed to flow through the tanks 
slowly, but continuously. 


QMurescent Sedimentation. 


27. Experiments which were carried out at Leeds and Sheffield showed that, with the 
sewages ol those cities, quiescent settlement for two to three hours was sufficient to remove 
a large proportion of the suspended solids entering the tanks, and to produce a fairly 
good tank liquor. 


No precise rule, however, can be laid down as to the period of quiescence which is 
required to effect a given reduction of the suspended solids. 


- ee kinds of sewage contain more solids which settle very slowly, than other 
inds. 


"tae 
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For example, a large proportion of the solids in sewages which contain brewery or 
tannery waste, or wool scouring liquor, are difficult to settle. 


To maintain this form of settlement in a highly efficient condition, the deposit in Boas | 
tank must be removed after every first or second filling. 


Continuous Flow Sedimentation. 


28. We have had experience of this method of sedimentation at Clifton, Halton, 
Oswestry, and Dorking. The following table shows the settlement effected at these places:— 





: Thee tale Rate of flow Solids (in parts 
Place. Shape of Tank.) Dimensions of Tank. | 5 scstjement, | Pe palpi in ae abe ats 
Clifton - - | Rectangular oo x 0 ak oes 5°3 hours. iy" 49 to 24. 
Halton’ - - 5 25! six 412’ ok SB 155.5 0:66” 17°7 to 10°7 
Oswestry - - 3 C0 9% LD 2 I a1 3°40” 32:0 to 158 
Dorking - - Ae 18’ 6” ‘x 46" x4’ 9”, 149 9 O31" 20°8 to 10-1 








The amount of settlement does not depend alone on the period of flow, but also on 
various other factors, such as the shape of the tank, the nature of the suspended matter 
in the sewage, and the length of time during which the tank is used without being cleaned. 


If the tank is not cleaned out frequently, the deposited sludge begins to ferment and 
the gas produced carries suspended matter with it, as it rises to the surface of the liquid. 


As a general rule, if the filters to be used are constructed of fine material, on which it 
would be undesirable to put a large amount of suspended matter, we consider that the 
period of flow should be from 10 to 15 hours, and that the tanks should be cleaned out at 
least once a week. 


Before either kind of sedimentation is adopted, the nature of the suspended matter 
in the sewage which is to be dealt with, and the rate at which it settles, should be 
considered. 


Should Sedimentation Tanks be used in series or in parallel ? 


29. It would usually be more advantageous to use continuous flow sedimentation 
tanks in parallel than in series, for the following reasons :— 


With tanks of ordinary dimensions, the minimum rate of flow is obtained 
where the tanks are used in parallel. 


As a rule, after a certain percentage of the suspended solids has settled 
out of a sewage, little further advantage is gained by continuing the same tank 
treatment, the suspended solids remaining in the supernatant liquid being of 
low specific gravity, and depositing very slowly unless quiescent settlement 
is given. In practice, therefore, so soon as this maximum quantity of solids is 
settled out as a result of continuous flow settlement, little advantage 1 is obtained 
by passing the liquid through another tank at a similar rate. 


If sedimentation tanks are used in series, there is a natural tendency to 
allow the last tank in the series to run too long without being cleaned out. The 
result in such a case is that the sludge, lying at the bottom of this tank, even 
though small in amount, begins to ferment with the formation of gas bubbles, 
which carry suspended matter up into the liquid. 
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There is rather more difficulty in cleaning tanks which are used in series 
than those used in parallel, owing to the fact that the first tank in a series is 
usually found to contain very thick sludge, which may, in some cases, have to 
be mixed with sewage before it can be got to flow into the sludge main; while 
in the last tank the sludge is very thin and watery. At a large works, however, 
where there are special facilities for removing and dealing with dense sludge, such 
as would accumulate in the first tank, this difficulty would not be serious. 


Our experience with continuous flow settlement tanks used in series has been obtained 
chiefly at Halton, and, with continuous flow settlement tanks used in parallel, at Oswestry 
and Shipley. As the same arguments apply to the settlement of precipitated sewage, 
however, we may also adduce the results of our observations at Kingston, Maidstone, and 
Hendon, for the use of tanks in series, and at Horfield, for the use of tanks in parallel. 


It is desirable to use quiescent settlement tanks in parallel, in order that the period 
of actual quiescent settlement (z.e., apart from filling or drawing off) should be as long 
as possible. 


Nuisance. 


30. Settlement of sewage by sedimentation does not give rise to serious smell during 
the time the tanks are actually at work. When the tanks are sludged, there is considerable 
smell, and since tanks used for quiescent settlement have to be sludged more often than 
those in which there is a continuous flow, there is more liability to recurring nuisance in 
the former case. 


In the case of tanks used for settling domestic sewage, there is only slight local smell 
during the process of settlement. We have had practically no experience of the sedimen- 
tation of sewage containing brewery or tannery refuse in as but in such cases the 
smell would, no doubt, be markedly increased. 


Septic TANKS 


31. The notion that the solid matter of sewage would be digested by passing the 
sewage through a sealed tank is by no means novel, but it does not appear to have 
had any extensive practical application until Mr. Cameron, who held the office of 
City Surveyor of Exeter, proposed the aduption of the “septic tank treatment” for 
that city. 


At that time it was claimed that the septic tank possessed the following, among 
other, advantages :— 


That it solved the sludge difficulty, inasmuch as practically all the 
organic solid matter was digested in the tank. 


That it destroyed any pathogenic organisms which there might be in 
the sewage. 


That sewage which had passed through a septic tank was more 
easily oxidized than sewage from which the solids had been allowed to settle, 
either with or without the aid of chemicals, in tanks which were frequently 
cleaned out. 


32. As regards the first of these claims, it is now clearly established that, in practice, 
all the organic solids are not digested by septic tanks, and that the actual amount 
of digestion varies to some extent with the character of the sewage, the size of the 
tanks relative to the volume treated, and the frequency of cleansing. 


At Huddersfield, Mr. Campbell estimated that about 38 per cent. of the solids 9) 635 
were converted into gas or digested ; at Leeds, Mr. Harrison put the figure at about 21,994 
30 per cent. ; at Manchester, Dr. Fowler says that possibly, though not certainly, 22-923 


about 25 per ‘cent. of the total suspended matter is digested or converted into gas; at 


Sheffield, Mr. Haworth puts the digestion at 32°9 per cent., while at Birmingham, 54’9g55 


Messrs. Watson and 0’ Shaughnessy say that the figures available indicated a digestion 
of not mere than 10 per cent. of the suspended matter entering the tanks. 
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From careful observations, extending over two years, which we made at Exeter 
and Ilford, we. found that, without allowing a correction for colloidal matters, the 
digestion at Exeter was about 25 per cent., and at Ilford about 30 per cent. 


The sewages of both places were domestic in character : the Ilford sewage was of 
average strength ; and the Exeter sewage about two-thirds as strong. In each case 
the tank was sufficient to enable it to hold a day’s (24 hours) flow, and no sludge 
was removed from either tank during the experiment. <A detailed report of the 
experiment is contained in Appendix IV. 


33, As regards the second claim, we find as a result of a very large number of 
observations that the sewage issuing from septic tanks is, bacteriologically, almost 
as impure as the sewage entering the tanks. 


34, As regards the third claim, the evidence which we received was conflicting. 
Some witnesses stated that septic tank liquor was more easily treated than sewage 
from which the solids had been settled, either with or without the aid of a precipitant, 
while others expressed a contrary view. 


The point is one of ereat importance in the purification of sewage, and we therefore 
thought it desirable to investigate it somewhat exactly. 


After visiting several places, the Dorking sewage was selected as a suitable 
domestic sewage with which to experiment, and the Dorking Urban District Council 
were good enough to grant us the requisite facilities for making the experiment at their 
works. | | | 


For the purpose of the experiment, three identical percolating filters were con- 
structed. One was fed with settled sewage, one with sewage which had been 
subjected to chemical precipitation, and one with septic tank liquor. 


35. The experiment, which was under the supervision of our own resident chemist, 
Mr. Eric H. Richards, and was carried on for over a year, conclusively proved that in’ 
the case of an ordinary domestic sewage, such as that at Dorking, septic tank liquor is 
not more easily oxidized on its passage through filters than the other liquids. 


The experiment is fully reported on by Mr. Richards in his Report, which is 
published in Appendix IV. 


The results of careful experiments previously carried out at Rochdale by 
Mr. Platt, at Leeds by Mr. Harrison, at Huddersfield by Mr. Campbell, and at 
Sheftield by Messrs. Wike and Haworth, at all of which places the sewage contains 
trade effluents from manufacturing processes, agree with our Dorking results. 


36. It must, therefore, be said that some of the more important claims which were 
originally advanced in favour of septic tank treatment have not stood the test of 
experience. At the same time, we think that in certain circumstances the adoption of 
this method of treatment, as a preliminary process, is efficient and economical. 


Suspended Solids issuing from Septic Tanks. 

37. The settlement of the suspended solids in septic tanks is not usually very 
thorough, and the evidence shows that at many places the liquor issuing from the tanks 
contains on the average from 15 to 20 parts of suspended solids per 100,000. 

f ; 


At the places which we have had under observation the average figures were as 
follows :— : 
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It must also be observed that it is generally impracticable to maintain the amount 
of suspended solids issuing from a septic tank at an approximately uniform level for 
any length of time ; and, that the amount has a tendency to increase seriously as time 
goes On. | 


For example, at Burnley it was found that the suspended matter varied from 15 
parts per 100,000, after a few weeks’ working, to 35 parts per 100,000 at the end of six 
months ; at Huddersfield the amounts were 6°6 parts per 100,000 at the commence- 
ment and 23°3 parts per 100,000 at the end of eleven months ; at Leeds, from January 
to June, 1903, starting with a perfectly clean tank, the suspended solids averaged 
12°2 parts per 100-000, and from July to December, 1904, the average was 24:1. 


The variation in the amount of the suspended solids in the tank liquor increases 
the difficulty of maintaining the effluent from the filters at a constant level of purity, 
and the amount of tank liquor which can be properly dealt with on the filters tends 
to decrease as the amount of the suspended solids in the tank liquor increases. 


Cleansing of Septic Tanks. 


38. There is no doubt that the longer a tank is run without cleaning, the less volwme 
of sludge there will be per million gallons of sewage treated. Digestion, of course, 
plays some part in this, but only a small part compared with the settling together 
of the finely divided septic sludge lying at the bottom of the tank. The sludge 
from a septic tank which is cleaned out at short intervals of time may contain 
something like 90 to 95 per cent. of water, while, if the tank is allowed to run for, 
say, two years, the water in the sludge may be only 80 to 85 per cent., or even less. 
It is obvious that this makes a great difference in the volume of the sludge to be 
dealt with, provided that it can be removed from the tank in the semi-solid form 
and without having to be mixed with sewage or water to make it run through the 
valves. 


There is also evidence to show that sludge which has remained in a tank for a 
long period, say, a year or more, is in some cases less offensive than sludge which has 
been there for only two or three months. At Birmingham, Leeds, Exeter, and other 
places this was found to be the case, though, on the other hand, at. Guildford, where 
there is a considerable amount of brewery waste in the sewage, the septic sludge had 
a very Offensive smell when removed from a tank which had been in operation for a 
period of twelve months. 


39. From the point of view of sludge disposal alone, it would be generally 
advisable to allow septic tanks to run for considerable periods of time before cleaning 
out, either wholly or partially. There are, however, two other important considerations 
to be taken into account, viz. :— 


The amount of suspended matter issuing in the tank liquor, which greatly 
increases as time goes on, and 


The fact that at a large sewage works it would usually be less easy to 
deal with very large quantities of sludge at long intervals of time than with 
smaller quantities at short intervals. 


Constant conditions as regards the amount of suspended solids in the liquor 
issuing from the tank should be aimed at, and from this point of view frequent 
partial removal of the solids would usually be desirable ; but our experience points 
to the conclusion that there can be no definite rules as to how long a septic tank 
should be run without cleaning, and that it must be left to the manager of each works 
to see that the suspended solids issuing from the tank do not increase to such an 
extent as to have an injurious effect upon the filters or upon the quality of the filtrate. 
The point at which injury to the filters or deterioration of the filtrate will occur will 
largely depend upon the nature and strength of the sewage, the kind of filter used, 
the size of the material in the filter, and the rate of filtration. At Accrington, for 
instance, something like fifteen parts of suspended matter in the septic tank liquor 
can be put upon the coarse percolating filters, without any danger of clogging, 
whereas at Manchester and Burnley, this would be too much for the contact beds, 
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Again, the successful working of some forms of fine percolating filter (e.g., that at 
Friern Barnet), depends upon the time allowed for the drying of the sludge on the 
surface of the material between two applications of tank liquor. A tank liquor 
containing, say, 10 parts of suspended matter per 100,000, might be conveniently 
treated on a filter of this kind, if the delivery were made once every three days ; 
but if it were made once every day, the sludge caught on the surface of the filter 
would probably not have dried sufficiently to allow of its being scraped off before 
the next delivery was made. 


40. Although the point is not one inregard to which any general rules of a precise 
character can be laid down, we are inclined to think that in the case of small sewage 
works, constructed to serve populations of, say, 100 to 10,000, it would be best 
that septic tanks should be allowed to run, without being cleaned out, so long as 
the suspended matter in the tank liquor showed no signs of affecting the filters 
detrimentally, provided that the tanks were never allowed to become more than 
one-third full of sludge. 


In the case of a sewage works constructed to serve populations from 10,000 
upwards, we think it would probably be advisable partially to clean out septic tanks 
at short intervals of time, care being taken as far as possible to remove only the best 
digested portion of the sludge. 


41. With regard to the question whether it is advisable entirely to remove the sludge Cameron, 
from septic tanks when these are cleaned out, the evidence and our own observations 1902; 
seem to show that this is not advisable. Experiments at Leeds, Rochdale and Dorking pe 
have shown that the changes which sewage liquor undergoes in a septic tank are valentine ; 
of minor importance as regards subsequent filtration, but the following considerations Wilkinson; 


must be borne in mind :— Raymond, 
Ross and 


In a septic tank which is to be cleaned out there is always a consider- meee: 
able amount of sludge which has had little time to undergo digestion. If Harding ; 


possible, therefore, this part of the sludge should be left in the tank. Fowler. 


One of the main uses of a septic tank is that it has the effect of 
equalising the sewage as regards strength, and of keeping the character of 
the liquor uniform. 


If a septic tank is cleaned out completely, some weeks may pass 
before the fermentation of the sludge is in full progress again. It was 
found, at Birmingham, that, if some of the sludge is left in a septic 
tank at the time of cleaning, fermentation is hastened when the tank is 
re-started. At Rochdale, Mr. S. 8. Platt has shown that the same effect 
can be produced by filling a clean and empty tank with septic liquor 

_ (from another tank) before any fresh sewage is allowed to pass into it. 


Where sludge is removed from septic tanks at long intervals of time, and 
especially where it is disposed of by burial in the ground, it is of great importance 
to carry out the operation in dry weather. ‘The success of the plan of disposing 
of the sludge by burial in the ground depends very largely upon the rapidity with 
which the sludge can be covered over in the trenches, and this is governed by the 
state of the ground and the atmospheric conditions prevailing at the time. 


Rate of Flow through Septic Tanks. 


_ 42. For the reasons which we have already given we consider that the main objects in 
passing sewage through septic tanks must be looked upon as being :— 


The settlement of the suspended matter in the sewage ; 
The digestion of as much sludge as possible ; and 


The equalisation of the sewage as regards strength. 


21992, 
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43. The most advantageous rate of flow, therefore, is that which gives the maximum 
settlement and the maximum digestion of sludge, without producing any serious nuisance 
from smell. It is impossible, however, to lay down any given rate or rates of flow through 
septic tanks for all sewages, for the following reasons :— | 


The suspended matter in sewage differs as regards ease of settlement and 
rate of fermentability at different places. The suspended matter in a strong 
slopwater sewage, for instance, settles more easily and takes longer to putrely 
than the suspended matter in a strong domestic sewage derived from water- 
closets. 


The degree of settlement depends also upon the form of tank adopted. 
The passing of a sewage through a Dortmund tank, for instance, would no doubt 
give better settlement than would be the case if a plain rectangular tank were 
used, but there would probably be less digestion of the sludge. : 


The qualities necessary in the septic tank liquor may vary at different 
places.. At one place where septic liquor was to be treated upon percolating 
filters of coarse material, a larger quantity of suspended matter might be allowed » 
to pass away in the liquor, without danger to the filters, than at another place 
where the liquor was to be treated upon fine-grained filters. Again, where it 
was of the utmost importance to have as little sludge to deal with as possible, and 
where the filters could be washed and re-made cheaply, the digestion of the 
sludge would be of greater importance than the settlement of the suspended 
matter ; whereas, at another place where ample facilities for dealing wita 
sludge existed and where filtering material could only be obtained at high cost, 
the reverse would be the case. | 


The question of smell arising from the septic liquor during its distribution 
would also assume greater or lesser importance at different places. Generally 
speaking,very slow passage through the tank tends to incréase the risk of nuisance 
from smell. 


In a number of cases, owing to long sewers or to the use of the sewers 
for storage, the sewage is already in what is called a “septic” condition when 
it reaches the sewage works. 


44, The rate of flow through a septic tank is consequently a matter in which the needs 
of each place require to be taken into account: but from general experience and a 
consideration of the evidence, we think it may safely be said that at few places should 
the sewage remain more than 24 or less than 12 hours in a septic tank. We think 
therefore, that the total tank capacity, excluding the stand-by * tanks for sto1m wate., 
should be equal to the total daily dry weather flow. In designing a sewage works where 
septic tanks were to be adopted, never less than two tanks should be provided, and these 
should be so constructed that one tank alone could be: used at a time. If better setitle- 
ment became necessary, it might be found that this could be effected by using the 
tanks in series and adding small quantities of some precipitant to the liquid as it passed 
into the second tank. 


45. Colonel T. W. Harding and Mr. W.H. Harrison carried out a series of experi- 
ments at Leeds, in which flows sufficient to fill the septic tanks in 12, 24, 48, and 72 
hours were compared. The results showed that at that place, and using simple 
rectangular tanks, a rate of flow sufficient to fill the tank once in 24 hours was the best 
economic rate. Rates of flow slower than this gave only slightly better results as regards 
suspended matter in the tank liquor, and greater rates of flow brought out more suspended 
matter than it was thought desirable to send on to the filters. The experiments showed 
also that, if the flow was increased to a rate which filled the tank in 12 hours, the tank 


* As to ‘stand-by ” tanks see section dealing with treatment of storm water sewage, p. 204. 
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became choked with sludge before septic action was induced. The figures of analysis for 
the different rates of flow ave given in the Report on Experiments in Sewage Disposal, 
City of Leeds, June, 1905, p. 66, as follows :— 


Average Analyses referring to the effect of different rates of flow through open 
Septic Tanks. 














12 hours’ flow. 24 youre flow. 48 hours’ flow. 72 hours’ flow.* 
Grains per gallon. | 4 ee: ety eh 
2 Aid Average centage Average centage Aperace centage yerage centage 
analysis reduction analysis reduction aaloes reduction AAS reduction 
‘on crude *|on crude YSIS. on crude ¥ ~~ | on erude 
sewage. sewage. sewage. sewage. 
Total solids - - - -| 887 po — 78:2. — 78°5 oe} 73°9 ~- 
Suspended Solida- -, =|, 19-2], 52, | aed 71. | 10-9 73 9-9 76 
Free Ammonia - - 5 1.56 - | 22, | 51 24 1°62 19 1:79 37 
Albuminoid Ammonia - - 0-54 50 0°45 58 0-38 64 0:34 52 
Oxygen absorbed in 4 hours 5°21 45 4°84 49 4-30 55 3°59 5D 
at 80° F. 














* Experiment at later date with weaker sewage. 


46. Dr. G. J. Fowler, in his evidence relating to Manchester (May 12th, 1905; answer 
to Question 22773), says :— 


“The most advantageous rate of flow is largely a matter of circumstances. It may 
be roughly taken from available experience that, with sewage of a streugth of 40 gallons 
per head, about 24 hours’ flow is desirable; with a greater flow per head (the organic 
matter remaining the same) the rate may be correspondingly quicker and, with a less 
flow, less. Our knowledge on this subject is very imperfect. One may say, at. any 
rate, that time must be given for settlement of the grosser solids and hydrolysis of the 
lighter suspended matter. Much, of course, depends on the length of travel in the 
sewer; with a long travel the simple hydrolytic changes will already be almost 
complete, whereas, on the other hand, in latrine sewage the matter entering the tank 
may be practically in its original condition. There can be little doubt that the chief 
activity of the septic tank resides in the sludge and this needs to remain in the tank a 
very long time for thorough digestion to take place.” 


In answer to a further question (22979), Dr. Fowler stated that 24 hours’ stay in 
the tank is the longest time he would allow. 


Messrs. Watson and O’Shaughnessy, in their evidence relating to Birmingham 
(May 18th, 1905; answer to Question 24983), say :— 


“The actual mean rate of flow through the first set of tanks is ‘87 feet per 
minute, and through the second set of tanks 32 feet per minute. This rate of flow is 
sufficient to set up most vigorous fermentation, and results in the destruction of very 
considerable quantities of organic matter, as evidenced by the copious evolution of gas 
from the tanks, and by the increase in the amount of ‘free ammonia’ in the tank 
liquor. A quicker rate of flow is detrimental to the septic action. The action is 
continued in the large conduit, the liquor taking something like 6 hours to traverse it. 
At the end of the. conduit is a Dortmund tank installation, and here we have been able 
to make some interesting observations on the behaviour of this already highly septic 
liquor. We consider that septic treatment of Birmingham sewage for a period of at 
least 24 hours to be distinctly advantageous. At the present time this is as much as 
we can say definitely. The observed effect of additional septic treatment at the end of 
the conduit; in the Dortmund tank, is a great increase in the number of micro-organisms 
in the tank liquor. We consider that the rate of flow should depend very largely on 
the strength and on the chaiacter of the particular sewage to be dealt with—a stronger 
sewage requiring a longer time,-and certain constituents of sewage being more easily 
broken down than others.” 
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47. As regards the question whether it is possible to ‘over septicise ” a sewage, 
several witnesses have stated that if sewage be kept too long in the tank, the amount 
of sulphuretted hydrogen produced is considerably increased, and some witnesses have © 
expressed the view that too long a stay tends toimpair the subsequent oxidation of | 
the sewage during its passage through the filters. i 


Should Septic Tanks be closed or open ? 


48. We are not aware that any comparative observations have been made of the 
relative merits of closed and open tanks in the case of a domestic sewage, but 
comparative experiments have been carried out at Birmingham, Burnley, Leeds, and 
Manchester, which show that, as regards digestion of sludge and quality of tank 
liquor, the closed tank possesses no advantages over the open tank. 


49. In cases, however, where it is important to avoid nuisance from smell, our 
experience shows that the closed tank is generally preferable. 


At Exeter, Yeovil, Andover, Hartley Wintney, and Prestolee, where the tanks are 
covered in, the smell from the tanks themselves is almost entirely done away with. 


At Accrington, Leeds, Rochdale, and Burnley, where the tanks are uncovered, 
there is, as a rule, appreciable local smell. 


At Sheffield, the nuisance arising from the open (experimental) septic tank was so 
pronounced, that the men on the works raised strong objections. 


At Gosport, a very serious nuisance arose from open septic tanks, which was almost 
entirely done away with by completely roofing over the whole of the tanks and channels 
at the works. 


At Guildford and Carshalton it was found necessary to put a rough covering 
over the tanks. In both cases the smell was largely diminished as the result. 


At Ilford, a substantial roof is now being provided, to diminish the smell. 


On the other hand, at Birmingham and Manchester, very little smell arises from 
the open septic tanks. This is no doubt accounted for by the fact that the sewages 
contain manufacturing waste, iron salts in the case of Birmingham, and iron salts and 
tarry matter in the case of Manchester. 


50. As regards closed tanks, we may observe that a roof somewhat hampers sludging 
operations, and further, that care is necessary to avoid explosion of the gas which 
accumulates under the roof. Serious accidents have been caused by the explosion of 
the gas in closed septic tanks. 


Arrangements for removing Suspended Solids from Septic Tank Liquor before tt 
as delivered to the Filters. 


51. So far as we know, none of the attempts to screen septic tank liquor by passing 
it through a short depth of material have been successful. At Leeds a layer of fairly 
fine material was suspended in a small septic tank in such a way as to cause the 
liquor to pass through it before leaving the tank. The sludge lying at the bottom of 
the tank, in rising to the surface as a result of the evolution of gas completely 
clogged the bottom of this material and rendered it worse than useless for screening 
purposes. | . 


At Ilford and Guildford layers of coarse material have been placed at the outlet 
sills of the tanks, but it appeared to us that this arrangement was ineffective. 


At Chester a plan similar to that tried at Leeds was followed, but after a short 
time the straining material became seriously choked with the suspended matter rising 
from the bottom of the tank. The tank liquor consequently forcing its way to the | 
surface through special channels, bringing a great deal of suspended matter with it. 
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52. At‘ Salford, precipitation liquor is forced by head of water (5’ 6”) through 
a layer of medium to coarse gravel (4 to 1} inches diameter), three feet in depth, 
laid at the bottom of some specially constructed tanks, called ‘“ Roughing filters.” 
This plan undoubtedly removes a very considerable quantity of the suspended 
matter from the precipitation liquor. The area of these “‘ Roughing filters ” is, however, 
so small compared to the volume of precipitation liquor to be passed through them, 
that they can only deal with two-thirds of the flow, the gravel being almost always 
more or less clogged. About 8,000,000 gallons of precipitation liquor are, on the 
average, forced through the “Roughing filters” per day, and as the total area of 
filtering material in the tanks is only 2,040 square yards, the average rate of filtration 
is roughly 4,000 gallons per square or per cube yard per day. The material in 
the “ Roughing filters” at Salford is washed by upward flow once in every six days, 
each filter working for five days and resting for one. Once a year the gravel is taken 
out and thoroughly washed. The average analysis of the Salford precipitation liquor, 
after it had passed through the roughing filters, is given by Mr. J. Carter Bell, as Bell, 23207. 
follows :— 


1903 and 1904. 
Parts per 100,000. 


Oxygen absorbed from permanganate in four hours - 4:7 
Alkalinity as calcium oxide - - - - - = 30 
Free and saline Ammonia - - - : : ai G2 E295 
Albuminoid Ammonia - > - - - . - “45 
Nitrogen as Nitrates and Nitrites - > - - - do 
Chlorine - - - - - - - - - 141 
Suspended solids - - - : - : - - -2°9 


Mr. Carter Bell stated that it has been found practicable at Salford to remove 23225 
about 75 per cent. of the suspended matter of the precipitation liquor by means of 
the roughing filters. 


53. At Friern Barnet the precipitated sewage is given a two hours’ contact in 
contact beds, called roughing filters, before it passes to the low level percolating filters. 
These roughing filters consist of medium-sized clinkers, four feet nine inches in 
depth. They remove a considerable portion of the suspended matter from the 
precipitation liquor, and may be looked upon as primary contact beds. | 


Straining tanks of a somewhat similar kind have been in use at Wimbledon for 
a number of years. In these, however, the filtering material (three feet in depth) rests 
on a false bottom, some distance from the bottom of the tank, and the sewage entering 
at the bottom of the tank flows upward through the material, a large portion of the 
suspended matter settling upon the floor of the tank underneath the material. The 
tanks are cleaned at short intervals of time. We believe the plan has been found to 
work well. 


54. At Birmingham Mr. J. D. Watson interposes modified Dortmund tanks Watson, 
between the septic tanks and the continuous filters. He states that the average of 25901. 
nearly a year’s observations shows that the Dortmund tanks removed 75 per cent. of the 
suspended matter from the Birmingham septic tank liquor. It must be remembered, 
however, in regard to this, that the Birmingham septic tank liquor contained a large 
quantity of suspended matter, the average amount for the year 1904 being 19:5 parts 
per 100,000. If Dortmund tanks were used for the settlement of tank liquors 
containing only small quantities of suspended matter (say five parts per 100,000), they 
would, we think, probably not be as efficient as some straining method such as that 
adopted at Salford. 


55. A special tank has been designed by Dr. Owen Travis for the further 
removal of suspended and colloidal matter from the septic tank liquor at Hampton. 
We have not, ourselves, been able to make any observations on this tank. 


Lime Precipitation following Septic Tank Treatment. 


56. From some experiments which we have carried out at Dorking, we find that, 
by passing septic tank liquor through tanks of a size sufficient to hold about one 
quarter of the 24 hours flow, with the addition of from 2 to 3 grains of lime per gallon 
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to the liquor, the suspended solids are reduced from 8 to 5 parts per 100,000, a 
considerably larger quantity of the liquor can be purified per cube yard of filter, 
and the offensive character of the septic tank liquor is largely destroyed. The 
solids which are chiefly reduced are those which are volatile. 


In many cases we think that this combination of septic tank treatment and 
precipitation will be found to be useful. 


We have, however, had no experience of this arrangement on a large scale. 


A small quantity of lime (about 1 grain per gallon) has been added to the septic 
tank liquor at Blackburn for some years with a view to aiding subsequent nitrification 


on the filters. 
CHEMICAL PRECIPITATION. 


57. There has been a tendency on the part of certain authorities to regard the 
chemical precipitation of sewage as an obsolete form of preliminary treatment. Our 
experience in no way justifies this view, and while we are not able to lay down any 
precise rules as to the particular cases in which chemical precipitation should be 
adopted, nor as to the relative cost and efficiency of the various precipitants which are 
available, we think it may be useful to state generally the results of our observations. 


In the case of some sewages, which contain trade waste, it is almost essential to 
subject the sewage to some form of chemical treatment before attempting to oxidise - 
the organic matter contained in it, and in the case of domestic sewages, chemical 
precipitation materially aids the deposition of the suspended solids, and facilitates 
subsequent filtration. 


58. The actual amount of suspended solids remaining in the sewage after chemical 
precipitation varies according to a number of factors, but in the case of a domestic 
sewage, which is allowed to stand and settle for about 2 hours, it is practicable to pro- 
duce a tank liquor containing from 1 to 4 parts per 100,000. Where the settlement 
is effected by continuous flow through the tank, at an 8-hour rate, the suspended 
solids may be brought. down to from 3 to 6 parts per 100,000. 


59. Excepting for the results relating to the Dorking sewage, which are given 
below, we have ourselves made no comparative experiments with regard to the 
relative cost and efficiency of the various substances used for the precipitation of 
sewage. We have, however, had some experience of the followimg precipitants, at 
works which have been under our observation :— . 


Lime. 

Lime used in conjunction with Copperas (Ferrous Sulphate). 

Lime used in conjunction with Alumino-ferric. 

Alumino-ferric. 

Alumino-ferric used in conjunction with blood, charcoal and clay (A.B.C. 
process). 

Ferrozone. 

Ferric Sulphate. 

Sulphuric Acid. 

At most of the works where domestic sewage has been treated, alumino-ferric has 
been the precipitant used. At some of the works, this precipitant has displaced 
ferrozone on the score of economy, and at Chorley, a considerable saving in cost 
(about £1 per million gallons) was effected by the manufacture of alumino-ferric upon 
the works. 


At Dorking, although we did not experiment with equal ageregate quantities, the 
results of-a series of experiments led us to the conclusion that a better result was 
obtained from a mixture of lime and alumino-ferric than from alumino-ferric alone. 


The same conclusion, we believe, resulted from experiments made by Mr. 
Creer, the City Engineer of York, with the sewage of that city. Owing to its low 
solubility in water, lime requires automatic machinery for crushing and mixing before 
it can be effectively added to the sewage, and for very small sewage works its use 
would not be economical. 


60. The following table gives’ a list of places where domestic sewage alone, or 
mixed with small quantities of trade refuse (as a rule brewery or tannery waste), is 
precipitated, the quantity of precipitant used, the dry weather flow of sewage, and 
the cost of the precipitant :— 2: 
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TABLE I. 
eae Avs olde: Cost of precipitant 
added (in | flow of per million gallons. 
grains per | sewage | Character 
Place. Precipitant. gallon). (treated by of Year. 
Based on the Sewage. Lee a oe 
the dry- | precipita- = | 
weather tion weather aay 
flow. process), flow. pee 
; Gallons. omg ed. |e) 8. Lid. 
Withnell - | Alumino-ferric - 15-7 10,000 (Verystrong 5 6 0 1903. 
igsiathed ; | 215 0| 1902, 1903, 
Radcliffe ~ - | Alumino-ferric - 8:0 800,000 1904 & 1905. 
Calverley Alumino-ferric - 175 12,000 |Verystrong 210 0 1904. 
Heywood -/| Alumino-ferric - 8-0 | 630,000 , Average te ee 
Ferrozone - - 8:0 630,000 strength. back Tee 
Guildford - | Alumino-ferric - 80 | 300,000 |Verystrong 2 2 0/ 1 4 5 1905. 
Horfield - | Alumino-ferric - 5:0 40,000 | Average TebOP Osi 0217346 1905. 
strength. 
Normanton - | Alumino-ferric - 67 | 175,000 |Verystrong 1 5 0 1902 to 1905, 
Hendon  - | Alumino-ferric - 5D | 950,000 Rather 013 3) 1906. 
strong. | 
Chorley  - | Alumino-ferric - 9°0 | 900,000 | Average On12 10) 8 1902 
strength. 
Royton - | Alumino-ferric - 2°29, 367,500 0 6 7 1906. 
Buxton Natural Iron- | 
water - 0-7} 12 to! 750,000 Own ts. (6. | 1906... 
Milk of Lime - 6 13 
Dorking - | Lime i Ke Average 015 8 1902, 1903 & 
Alumino-ferrie - 3:5 91 200,000 strength. | 1904. 
Friern Barnet) Lime - Pade Le ae Lime 5/1 | 
Alumino-ferric - |2-0.{ °°} 350,000 Cease lo 12 si. 
ferric 7/74 
ee liméh - TT | 10-0 3,750,000 | Average 0190 7 1904-1905. 
Alumino-ferric - 4°3 strength, or 
perhaps 
under 
average. 
Willesden - | Lime s - |3°85 ) go. ‘ Lime 1/538 | 
| Alumino-ferrie - 5-46 J 91) 1,930,950 Alumiag, +0 10” 0 
ferric 8/6°5 ) 
Kaling - | Lime - - | 4:0 | _ Three years 
Alumino-ferric - 2-0 | 6:0) 1,000,000 cae ae ending 
| March, 1906. 
Leyton - | Lime - - all 
Hanson’s £ 
Eignivons 22-0 3,000,000 311 0 | 1905-1906. 
Powder - - | 7:0 
Kingston - | Alumino-ferric, ie HRSA 
blood, charcoal, el Average | 2, 190 
and clay (A.B.C. Pee er erene strength. ayoticse “1904, 
process) - - - 
Rochdale - | Alumino-ferric - 17:3 me % 
Sulphuric Acid - 4°7 12:0) 2,000,000 | Very strong 1 8 7 | 1904-1905. 





























Nore.—It will be observed in the above table that at nearly all the places where lime is used as a 
precipitant the cost is relatively low. In regard to this, however, it must be stated that the figures of cost 
refer to the lime alone and do not include any charges with respect to the mixing. This might add, we 
think, from 2/— to 10/- per million gallons, according to circumstances. 
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61. In Table II. some of the places where we have made special observations are 
arranged in the order of percentage reduction in suspended matters. The figures for 
Withnell and Calverley are not included, the flow of sewage at those places being too 
small for proper comparison with the others. 























TABLE II. 
aoe ee f=! | u 
a= ‘a4 Soe pe Be Strength of 
Soi. ea gins E  OLG oe se ee Strength 
Sea ) D bh A SEs5 aS Cost of precipitant | P ree of crude 
ome ei B/S E ES alone per million | |) t ted on | Sewage 
Place. [Precipitant. ® 3. 2/83 53/875 o SS) gallons, based on easy calcu- 
So ee 8) Sr S68. the basis sug- . 
Se egies oa ses the average lated in 
SoRVIFScae sorts n , gested by Dr. oe 
Oy 8 lS Se uy Shee ee daily flow. , a similar 
BEAR S|e. WPS at 8 a McGowan, see 
aS Se gla Se 16 manner. 
a a S08 2 acti 
& WSS ya. 
Kingston - | Alumino- 95 50:0 15 3.4 0 51 94 
ferric, 
blood, 
charcoal, 
and clay 
(A.B.C. 
process) . 
Horfield - - | Alumino- 93 5-0 2:5 17 6 (approx.) 36 88 
ferric 
Chorley - - | Alumino- 91 9-0 2°9 10s ee 50 106 
ferric 
Heywood - | Alumino- 82 8:0 5:0 Pere i 42 (approx.) 
ferric 
Dorking - - | Lime - 82 9°0 70 15 8 (approx.) about 60 95 
Hendon - - | Alumino- 80 55 55 13 3 58 110 
ferric 
Rochdale - - | Alumino- 19 12-0 78 Lee aa V% 203 
ferric and 
sulphuric 
acid 
Guildford - | Alumino- 75 6:5 14°6 Ld 955 ie | 194 
ferric 
Normanton - | Alumino- 67 6°7 18-0 LD 0 112 235 
ferric 
York - - | Lime and 64 10-0 WRT 106 63 115 
alumino- 
ferric 





























62. In comparing the costs in Table II., the influence which the suspended matter 
left in the liquor has upon the life of the filter-beds, used subsequently, must be 
specially borne in mind. For instance, according to their calculated strengths, the 
Kingston and Chorley precipitation liquors would require about equal filter areas, 
but the Kingston liquor only contains 1:5 parts per 100,000 of suspended solids 
against 2°9 parts in the Chorley liquor, and on the assumption that the 
rate of clogging is broadly in proportion to the amount, of suspended matter in 
the liquor treated, if the two liquids were treated upon equal areas of contact beds, 
the filtering material would require washing twice as often at Chorley as at Kingston. 
Lhe amount of colloidal matter is not great in either liquor. 


The A.B.C. process is, undoubtedly, a very efficient form of chemical precipitation, 
and the dried sludge produced at Kingston is sold by the company. 


In regard to all tank processes, it may be remarked that the greater the amount 
of suspended matter in the original sewage, the easier it is to obtain a good 
percentage reduction 6f the suspended solids. 





* This figure applies to the year 1900, when the alumino-ferric was bought. At the present time 
(1906), when the alumino-ferric is made on the works, the cost of precipitation per million gallons is 
12s. 10d. . 
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63. Inthe experiments carried out under the Massachusetts State Board of Health, 
Mr. Allan Hazen compared lime, lime and ferrous sulphate, ferric sulphate and alu- 
minum sulphate as used in various quantities upon the St. Lawrence sewage during 
the year 1889 (Report of experiments upon the chemical precipitation of sewage. 
State Board of Health, Massachusetts, 1890). The sewage was a very weak one. 


The following are quotations from the summaries given in the Report by Mr. 
Hazen on these experiments :— 


The Comparative Advantages of the Different Precipitants. 


“Tt does not seem to me that the slight colour given by the use of iron 
‘should be considered an objection in judging the merits of the different 
‘processes. It should be remembered that when alum is used, a small 

“portion of the alumina is really present in the effluent, but being white, it 
‘is not noticed as is a corresponding amount of iron. 


“The lime process has little to recommend it. Owing to the large amount 
“‘ of lime-water required and the difficulty of accurately adjusting the lime to 
“the sewage, very close supervision would be required to obtain a good 
“result, and, even then, the result is inferior to that obtained in other 
“ways. 


“Precipitation by copperas is also somewhat complicated, owing to 
“the necessity of getting the right amount of lime mixed with the sewage 
“before adding the copperas. When this is done, a good result is obtained. 
“The amount of iron left in the effluent is much greater than the ferric 
“sulphate owing to the great solubility of ferrous hydroxide. 


‘Ferric sulphate and alum have the advantage over both lime and 
“copperas, that their addition in concentrated solution can be accurately 
“controlled, and the success of the operation does not depend upon the 
‘‘accurate adjustment of lime or any chemical to the sewage. The results 
‘with ferric sulphate have been, on the whole, more satisfactory than those 
‘“‘with alum. This seems to be due in part to the greater rapidity with 
“which precipitation takes place and in part to the greater weight of the 
“precipitate. It is probable, from the greater ease with which ferric 
“sulphate is precipitated, that it would give a good result, with a sewage 
“that was not sufficiently alkaline, to precipitate alum at once. It is quite 
“possible that the same process would not give equally good results upon 
“all kinds of sewage. Special sewages may require special treatment. 
‘For this reason, and also on account of changes in the prices of the several 
‘“‘ chemicals, it is impossible to say that one precipitant is universally better 
“than another.” 


Conclusions. 


‘Using equal values [7.¢., as regards price | of the different precipitants, 
‘applied under the most favourable conditions for each, upon the same 
“sewage, the best results were obtained with ferric sulphate. Nearlv as 
“good results were obtained with copperas and lime used together, while 
“lime and alum each gave somewhat inferior effluents. The range of these 
“results was, however, comparatively narrow; and it may be that with a 
“sewaye of a different character, or with variations in the prices of the 
‘chemicals, it would be advantageous to use copperas with lime, or even 
‘alum. When lime is used, there is always so much lime left in solution 
“that it is doubtful if its use would ever be found satisfactory except in 
“case of acid sewage.” 


64. Various comparative experiments with precipitants have been made at a 
number of large towns and cities in this country; for instance, at Glasgow, amongst 
other experiments of the same kind, Mr. Thomas Melvin has experimented with sulphate 
of alumina and ferric sulphate, both used in conjunction with lime. The sulphate of 
alumina (44°5% A1, (SO4); ), which was bought, cost 33s. per ton, while the ferric 
sulphate (9%, Fe), made upon the works, cost 11s. 3d. per ton. In each of the trials 
{which extended over long periods) 8 grains per gallon of the precipitant were used in 
conjunction with 4 grains per gallon of lime. We understand that ferric sulphate and 
lime always gave the better result. 
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Sir Thomas Wardle (“Sewage Treatment and Disposal”) also obtained good 
precipitation results by the use of a mixture containing basic ferric sulphate as its 


chief ingredient. 


Fowler, 22758. In his evidence relating to Manchester Dr. G. J. Fowler stated:— 


‘‘T have had experience with various chemicals, viz., lime and copperas, 
“ferric salts and alumino-ferric, but have not gone very exhaustively into 
‘their various merits. Lime and copperas give a precipitate which readily 
“ settles, and lime is useful where flushes of acid have to be neutralised. On 
“the other hand, their use requires constant and skilled supervision, and 
“is therefore less suitable for small works than alumino-ferric, where a given 
‘quantity can ke added from time to time and be left to dissolve in the 
“incoming sewage. Ferric salts I have not found to give so rapid pre- 
‘cipitation as either the lime and copperas or the alumino-ferric. The 
“precipitate appears more finely divided than either of the others. More- 
‘fover, ferric salts, unless made on the works, are not readily obtained in 
“the quickly soluble and, at the same time, transportable condition. The 
‘following are prices per ton delivered at or near Davyhulme, showing that 
‘‘for equal weights, lime and copperas are undoubtedly cheaper than 
“ alumino-ferric :— 


‘‘TLime ae rr. un we 11s. 6d. 
‘Copperas... Be ae 5B 21s. 6d. 
“ Alumino-ferric —... te see 40s. Od. 
‘Ferric sulphate... a i: 23s. 6d. 


“These prices will, of course, vary in different parts of the country.” 


Watson 24968, Mr. J. D. Watson and Mr. F. R. O’Shaughnessy, in their evidence relating to 
Birmingham, stated :— 


“Milk of lime added to the crude sewage was used as a chemical 
‘precipitant for many years, and was totally discontinued in February, 1901. 
-“ During the last twelve months of this process the tank capacity at the out- 
“fall works consisted of two installations of tanks, which were worked in 
‘series. The mean period of sedimentation in the preliminary tanks was 
‘¢32 hours, and in the secondary installation of tanks the mean period of 
“sedimentation amounted to 54 hours, giving a total mean period of 
“sedimentation for the limed crude sewage of 9 hours. The flow of sewage 
“‘for the last twelve months of the process was estimated at twenty million 
“gallons per day. The proportion of lime added to the crude sewage was 
‘12 grains per gallon, being the equivalent to a quantity of 15 tons 6 ewts. 
“dry lime used daily. 


“The following analysis will indicate the effect of this liming process 
‘‘npon the crude sewage :— 




















Parts per 100,000. 
Year 1900. 
Dissolved Solids. Suspended Solids. 
Crude Sewage LSTA. AT, 5 0 BR eae ta 129-1 . 67-6 
Preliminary Tank Liquor Sane, - 138 16°3 
Final Tank Liquor - - - - - 13352 4-9 
Harrison, 21979. Mr. Harrison, in his evidence relating to Leeds, stated :-— 


“‘ Several, precipitants have been tried upon the Leeds sewage in order 
“to obtain their relative values, but the question of cost has not been 


* Jt must be borne in mind that the Birmingham sewage contains iron salts in considerable quantity, 
so these good results cannet be ascribed to the lime alone, 


35 


‘considered. The most effective precipitant was a mixture of ferric salt and 
‘lime, closely followed in merit by aluminum sulphate and lime... These two 
“precipitants were almost equally effective, and were followed in order of 
“merit by alum and lime, ferrous sulphate and lime, ferric salts, alum and 
“ferrous sulphate. The last was practically valueless.” 


Mr. Carter Bell in his evidence relating to Salford, stated :— Bell, 23218. 


“We have tried many systems of sewage purification and combinations 
“of chemicals. The best and most economical results have been obtained by 
“the use of lime followed by salts of iron.” 


Mr. Bolton, in his evidence relating to Heywood, stated :— Bolton, 21107. 


“T have tried various chemicals. Iron and alumina compounds have 
“been used under such trade names as alumite, kremnolite, ferrozone, 
“alumino-ferric, etc. Alumino-ferric is the best precipitant tried at 
“Heywood. With an addition of 8 grains per gallon, a. purification of 
“62 per cent. is brought about. This equals £1 7s. 6d. per million gallons. 
“Ferrozone under the same conditions brought about a purification of 57 
“per cent., equal to a cost of £1 6s. 6d. per million gallons. Thus, for 3°6 
“per cent. reduction in price 8 per cent. less-purification was obtained 
** by ferrozone.” 


65. Where the sewage, by reason of the discharge of large quantities of trade 
refuse, is of a special character, special precipitants have, of course, to be used. 


At Bradford, where there is a very large proportion of wool-scouring refuse in 
the sewage, sulphuric acid is used as the precipitant, in order to separate the fat, 
which is afterwards extracted from the sludge. 


At Rochdale, where on several days of the week, owing to the discharge of™ 
wool-scouring refuse, the sewage resembles that of Bradford, sulphuric acid is 
used to neutralise the alkali in the wool-scouring refuse after the precipitation of 
the sewage with alumino-ferric, 


At Burton-on-Trent, where there is a largely preponderating quantity of 
brewery waste in the sewage, very large quantities of lime have to be added. 


Ways of adding chemicals. 


, 66. Chemicals are most effective in precipitating a sewage when they are added in 
the form of a solution. 


In practice, however, the addition of a solution of precipitant to a sewage is not 
always so economical or effective as the use of the precipitant in a solid form, owing 
to the fact that it is advisable to vary the quantity of the solution with the varying 
strength of the incoming sewage—a matter of some difficuity at a small works. 


At a large works, where the addition of the chemicals can be properly supervised, we 
should think that, with the exception of lime, all chemicals should be added in the 
form of a solution. Lime is best added in the form of milk of lime, as it is not 
very soluble in water, and its addition in solution, involves the use of large quantities 
of water or sewage. 


At medium-sized or small works it is usually found best, for economy of labour, 
to add such precipitants as alumino-ferric or ferrozone in the form of a solid block, 
placing the block in the sewage channel so that the top of it projects above the level 
of the sewage. In this way the largest quantities of precipitant are dissolved at 
those times of the day when the flow of sewage is greatest. 
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67. At Horfield and Hendon we found a simple and effective way of adding 
alumino-ferric in the form of a solution. The quantity of precipitant required for about 
24 hours was, each morning, put into a box with a false bottom, and the alumino-ferric » 
was dissolved by allowing water to drip on to it. During the daytime, when the box 
was full of precipitant, and when the sewage was strongest, a larger amount of the 
alumino-ferric was delivered to the sewage, owing to the solution being then stronger 
than it was at night, when almost all the precipitant had dissolved away. Moreover, 
the dose could be varied at will by increasing the flow of water. | 


This plan appeared to us to be rather more effective than the method of placing 
blocks of the precipitant in the sewage channels, though that method is also in the main 
satisfactory. 


We have had no experience of copperas used alone ; in the cases that have been 
brought to our notice, it has been used along with milk of lime. In these cases it 
has usually been found best to add it after the lime. 


Immediately after the addition of any chemicals the sewage should be churned 
up so as to produce a thorough mixture. This can be done effectively by some 
mechanical apparatus or by baffling boards. , 


SoME OBSERVATIONS AS TO THE RELATIVE Cost OF VARIOUS 
; PRELIMINARY PROCESSES. 
68. Local conditions and circumstances must always be the first consideration in the 


selection of a process for the preliminary settlement of the sewage of any particular 
place, and it is not possible to give figures of cost which would apply generally. 


We think, however, it will be useful to compare the various processes in common 
use in a hypothetical case in which we assume :— 
That ample fall is available ; 
That the sewage is of a normal domestic character and of average strength ; 
That the flow of sewage is 1,000,000 gallons per day in dry weather ; 
That all tanks are of simple construction, and rectangular in shape. 


The processes which we propose to compare are :— 
Septic tanks ; | 
Continuous flow settlement without chemicals ; 
Quiescent settlement without chemicals ; 
Continuous flow settlement with chemicals ; 
Quiescent settlement with chemicals. 


Comparative Capacities of Tanks. 
69. From our general experience and from a consideration of the evidence we think 


the various lengths of time required for settlement and the number of tanks may, for 
the purpose of this comparison, be those shewn in the following table :— 





*Total Capacity 
Preliminary Process Stay ates f ee ee of Tanks 
(arranged in order of tank capacity). in Tanks. ys Feet required 
Tanks. Tanks. 

(gallons). 
Continuous flow settlement with chemicals - - 8 hours 8 2 444,440 
Continuous flow settlement without chemicals - | 15 hours 8 2 833,333 
Quiescent settlement with chemicals — - - - 2 hours 10 2 1,041,660 
Quiescent settlement without chemicals - - a 2 hours 10 2 1,041,660 
Septic tanks - . ; E . zi - - | 24 hours 6 1 1,200,000 





* The tanks would be sufficiently large to deal with 3,000,000 gallons per day in times of storm. 
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70. From these estimates of the total tank capacities, Mr. G. B. Kershaw, our 
Engineer, has prepared drawings for each preliminary process, from which he has taken 
out complete quantities, and prepared the following estimates :— 





a. Constructional Cost of 
Preliminary Process 





(arranged in order of cost). gens 
Continuous flow settlement with chemicals = - - - - - - £3,797 
Continuous flow settlement without chemicals - - - - : £5,112 
Quiescent settlement with chemical — - - - . - - - £5,987 
Quiescent settlement without chemicals - - - - : - - | £5,987 
Septic tanks (open) — - - . : - - - - - - £6,891 





Cost of Chemicals. 


71. Several different substances are used in practice for the precipitation of sewage, 
dependent to some extent on the kind of sewage to be dealt with. For the precipitation 
of domestic sewage of about average strength, however, alumino-ferric is by far the most 
common and we have adopted this precipitant in our hypothetical case. The average 
quantity of the precipitant used may be put at about 10 grains per gallon (or 14°3 parts 
per 100,000). The cost of alumino-ferric varies at different places; but taking it at 
£2 5s. per ton, the cost of chemicals work out at £523 15s. per year or £1 8s. 8d. per 
million gallons of sewage (dry weather flow). 


Production of Sludge. 


72. We think it may be taken that, on the average, domestic sewage contains about 
35 parts of suspended matter per 100,000 in dry weather,’and that 1,000,000 gallons of 
domestic sewage would, in dry weather, produce approximately 1 ton 11 cwt. of dry 
sludge, 2.e., sludge containing no moisture. Where the quantity of alumino-ferric added is 
not excessive, practically the whole of its alumina is thrown out of solution, and since there 
is considerable evidence to show that small quantities of dissolved or colloidal sewage 
matter are also precipitated, we may assume for the purposes of this argument that, 
in addition to the 35 parts of suspended matter in the sewage, something like 5 
parts of additional solid matter* must be taken into account. We assume, therefore, 
that our hypothetical sewage, with its precipitant, contains 35+5=40 parts per 100,000 
of suspended matter as it enters the tanks. From this must be deducted the amount 
of suspended matter issuing in the tank liquor, and, from a large general experience, 
we estimate that the addition of 10 grains per gallon of alumino-ferric to our 
hypothetical sewage would produce a tank liquor containing on the average about 
2°5 parts per 100,000 of suspended matter if quiescent settlement were adopted, 
and about 4°5 parts per 100,000 if continuous flow settlement were adopted. On this 
basis the dry solid matter left in the settling tanks as the result of these two pre- 
liminary processes would be as follows :— 
Parts per 100,000. 
Chemical precipitation followed by quiescent settlement - - - 354+5-2°5=37:°5 
Chemical precipitation followed by continuous flow settlement - - 3545-4:°5=35°5 


73. With settlement of sewage without chemicals, we estimate that the quantity of sus- 
pended matter issuing in the tank liquor would be approximately 7 parts per 100,000 
after quiescent settlement, and 10 parts per 100,000 alter continuous flow settlement. 
The dry solid matter left in the tanks, therefore, would be :— 

Parts per 100,000. 
Quiescent settlement, without chemicals - - - . - - 35-7 =28 
Continuous flow settlement, without chemicals - - - - - 35 - 10 =25 





* Alumino-ferric contains roughly 50 per cent. by weight of Al.(SO,)5. If the whole of the alumina 
were precipitated by the sewage 14°3 parts per 100,000 of alumino-ferric would thus give approximately 2 
parts per 100,000 of dry Al,O;. To the alumina must be added the colloidal matter thrown down by the 
action of the alumino-ferric upon the sewage, and we have estimated this at approximately 3 parts per 
100,000. The latter figure has, however, been obtained from a comparatively small number of analyses. 
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74. In the case of septic tanks the digestion of sludge must be taken into account, 
as well as the amount of suspended matter carried away in the tank liquor. The 
digestion of sludge from a domestic sewage may be put approximately at 30 per 
cent. of the total suspended matter entering the septic tank, and on the average the 
liquor issuing from the septic tank would contain 10 parts of suspended matter. On 
this basis, the amount of sludge left in the septic tank would be 35-10- 10°5=14°5 
parts per 100,000. 


75. The production of sludge in our five preliminary processes of settlement 
would, therefore, be represented by the following figures :— 











Sludge left in Tanks 





Preliminary Process. (in parts per 100,000). 
Quiescent settlement with chemicals - - . - - - - - 37°5 
Continuous flow settlement with chemicals - - - - - - - 35°5 
Quiescent settlement without chemicals - - - - - - - 28°0 
Continuous flow settlement without chemicals ~~ - aes - - - 25-0 
Septic tanks - — - : ; : : . - - : - - ad ha 14'5 











Taking the average percentage of water in the sludges generally at 90, we obtain 
the following figures for the production of wet sludge by each preliminary process per 
1,000,000 gallons :— 





Wet sludge (90 per cent.) *. 
water) produced 
per million gallons of sewage 
(dry weather flow). 


Preliminary Process. 





Quiescent settlement with chemicals .-- - - - “ie - - 17 tons 
Continuous flow settlement with chemicals - s ieeei® Ge as 162%; 
Quiescent settlement without chemicals - -t 0: - - - - Be sth. 
Continuous flow settlement without chemicals . - - topo $y ets dd 45; 


Septic tanks — - - - - - > iia - - : ; - 6° aay 





Cost of Labour. 
(a) Disposal of Sludge. 


76. The various methods of disposing of sludge are not in every case suited to each kind 
of sludge. Septic tank sludge, for instance, is rather difficult to press, being usually greasy. 
For the purposes. of comparison we have selected the plan of shallow burial in the soil, as 
this method is for practical purposes equally well suited for the disposal of the sludge 
from each preliminary process. 


For the burial of 1,000 tons a year of wet sludge (90 per cent. water), we estimate 
that one acre of land with soil of good or medium quality is necessary. On this basis the 
following areas would be required for the burial of the sludge from the various preliminary 


processes :— | 


Quantity of wet sludge (90 AredoF Land 





Preliminary Process. per cent. water) produced per required. 
annum. 
Quiesceat settlement with chemicals - - - 2 6,205 tons 6°20 acres 
Continuous flow settlement with chemicals - ~ - - 5,840 ,, . 584 a 
Quiescent settlement without chémicals. - Oars : 4,380 ,, 4°38 “ 
Continuous flow settlement without chemicals WS See 4,015 ,, | OU 


Septic tanks - - - - : i - Dak tO aks | 2 10! 
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The trenching of this land and the covering of the sludge would probably require 
the whole time of two men inthe case of the two chemical precipitation processes and the 
quiescent settlement process, and one man in the case of the continuous flow settlement 
process. 


In the case of the septic tank process additional labour would only be required 
when the tanks came to be cleaned out, say, twice a year. On the assumption that the 
services of some six men would be required for a fortnight on these occasions, we 
estimate that this would involve a labour expenditure of about £30 per annum. 


Taking labourer’s time at 21s. a week, and including one-third of the manager’s time 
at a salary of £130 per annum, the labour cost in connection with the sludge trenching 
would be as follows :— 


Cost of labour and Supervision in connection with 
the Disposal of Sludge on the Land. 





Preliminary Process. 


Per million gallons of 








Ly eg sewage (dry weather flow). 
£ sired: 
Quiescent settlement with chemicals - - . - 152 8 4 
Continuous flow settlement with chemicals - - - 162 8 4 
Quiescent settlement without chemicals : - : 152 8 4 
Continuous flow settlement without chemicals —- - 98 hd 
Septic tanks — - - - - : . : - io 4.0 











(6) Working and Sludging of Tanks. 


77. For the working and sludging of the tanks we estimate that the services of three men 
would be required in the case of the two chemical precipitation processes and in that of 
quiescent settlement, and of two men in the case of the continuous flow settlement process 
and the septic tank process. 


Taking labourers’ time at 21s. a week, and including one-third of the manager’s 
time, at the salary of £130 per annum, we obtain the following figures :— 


Labour and Supervision in connection 
with Tanks. 


Preliminary Process. 


Per million gallons of 











Leas SE sewage (dry weather flow). 
a £ s d, 
Quiescent settlement with chemicals - - - - - 208 Fe 
Continuous flow settlement with chemicals - - = - 208 hie 
Quiescent settlement without chemicals : - - - 208 Lio oO 
Continuous flow settlement without chemicals - - “ 152 8 4 
Septic tanks - - - ae - : . . 152 8 4 








Loan Charges. 


78. Taking the price of land at £100 per acre, and assuming that the loan is raised at 
31 per cent interest per annum and is repayable in equal annual instalments in thirty 
years, the annual loan charges in respect of the initial cost of tanks and of the land on 
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which the tanks are constructed and in which the sludge is buried would be as shown in 
the follow ag table:— 











oe ——_ ee 














Loan Charges. 
Preliminary Process. 
Per million gallons of © 
Sha sewage (dry weather flow). 
om a8. 3d £288, ee: 
Quiescent settlement with chemicals - - - - - 374: eas BO 1 0 fag 
Continuous flow settlement with chemicals - - ATW Bae fey let 0: $4 Siaae 
Quiescent settlement without chemicals - - - : 364. sO 0419 401 
Continuous flow settlement without chemicals - - - 314 12 8 0) 9 EE Teper! 
Septic tanks - - : . 2 - - : -| 404 4 11 lo pt eee 











Total Cost of the Preliminary Processes. 


79, Arranged in the order of their total annual cost, including repayment of principal 
and interest on loans, the five processes are as follows :— 





























Sethe a 
Continuous flow settlement without chemicals - - -. 564.12 
Septic tanks (open tanks) ~— - - : - - - - 600: brat 
Quiescent settlement without chemicals - - - ~ i A 24a ae 
Continuous flow settlement with chemicals = - : : - 1,134 19 11 
Quiescent settlement with chemicals : : : - - 1258 00 oo 
The details are :— 
Per Annum. 
Preliminary Process. Chemicals. nee ote Loan Charges. Total. 
upervision. 
Te a fear £ Bae 2 £ Be. th 
Quiescent settlement with chemi- | 523 15 0 360 ST4. OL a 1,258. O28 
cals. 
Continuous flow settlement with | 523 15 0 360 Bole Ora. eat List) foeer 
chemicals. 
Quiescent settlement without — 360 3642-7 wong 124. f= 9 
chemicals. 
Continuous flow settlement with- = 250 314 12550 064° 13h 
out chemicals. 
Septic tanks ° - - - ~~ 225 401. Acme 629.» ai 
Per Million Gallons of Sewage (dry weather flow). 
Preliminary Process. Chemicals. eee te Loan Charges. Total 
upervision. 
2 yee dU, Beek oO a ap ce ele eo Seed. 
Quiescent settlement with chemi- Bo age ieee {Or ap. eee ee 
cals. 
Continuous flow settlement with i$ --8 1o22e3 UO 1See , eee Sa a 
chemicals. 
Quiescent settlement without — 19 9 TS bee | 1 Se 
chemicals. a ; 
Continuous flow settlement with- — lo.205 O1t Oo \e lay TO Rate 
out chemicals. ; 
Septic tanks : - - - — Lae | ON pat 1 34 oa 
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In so far, therefore, as the preliminary tank process by itself is concerned, it will 
be seen that, on the basis of the above calculations, settlement either by continuous flow 
or in open septic tanks is only half as costly as chemical precipitation. It will be 
noted that quiescent settlement, as compared with continuous flow settlement, does 
not add greatly to the total annual cost, while it gives distinctly better results. 


Filtration of Tank Inquor. 


80. In most cases sewage must not only be settled, but must also be filtered, and it is 
therefore desirable to consider the cost of the preliminary process in conjunction with 
the final or filtration process. 


“ Strength’ of the Liquors Produced. 


From the data obtained at Dorking, Leeds, and Huddersfield, where chemical 
precipitation (continuous flow), settlement without chemicals (continuous flow) and 
septic tank treatment, have been compared on the same sewage, and from our 
general experience, we estimate the strengths* of the five tank liquors which would 
be produced from our hypothetical domestic sewage, and the approximate amount of 
suspended matter which would be contained in each, as follows :— 














* * 
Preliminary Process. Sas oa ats e Bete Matton 
: ° Liquor in Tank Liquor. 
Quiescent settlement with chemicals - - - | 100 50 1 to 4 parts 
Continuous flow settlement with chemicals - 4 100 60 SO Cee, 
Quiescent settlement without chemicals - - -_ 100 70 BE heer), 
Continuous flow settlement without chemicals - 100 80 Cet. 
Septictanks - -~ - - : “aa! | 100 80 iis 5 ioe 








Final Purification of the Tank Inquors. 


81. On the grounds set out in a later section of this report, we consider that the 
amount of tank liquor which can be treated on a filter depends upon the strength 
of the liquor and the amount of suspended matter which it contains, and further, that some 
filters are more suitable for the filtration of certain kinds of tank liquor than others. 
For the purpose of our present comparison we have selected percolating filters com- 
posed of rather coarse material, say, 1 to 3 inches in diameter. The rate of filtration 
at which such filters could be used with each of the five preliminary processes, so as to 
yield satisfactory effluents, is shown in the following table :— 























Cubic 
Content of. 
Amount of - Rate of Filtering 
Suspended | Filtration per | Material 
Beer, i Strength of | Matter in |cube yard per ! required to 
ee yee | Tank Liquor. | Tank Liquor day treat 1 million 
(parts per | (dry weather | gallons per 
100,000). flow). day 
. (dry weather 
flow). 
gallons. cubic yards. 
Quiescent settlement with chemicals - — - . 50 1 to 4 175 5,714 
Continuous flow settlement with chemicals - 60 eee 150 6,666 
Quiescent settlement without chemicals - “ 70 Oe o 100-125 8,928 
Continuous flow settlement without chemicals — - 80 105, 16 75-100 11,494 
Septic tanks © - - - - - - - 80 ON Le 75-100 11,494 

















* The strength is calculated on the basis of the formula suggested by Dr. McGowan, sce page 16. 
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The total annual cost of five sets of percolating filters of coarse material, we have 
calculated to be as follows* :— 


Total Cost of Filtration, including loan 


charges. 
Preliminary Process. 


Per million gallons 


Per annum, (dry weather flow). 











£ epg: & 1s. badk 
Quiescent settlement with chemicals - - - - - Di2> Otel 1 ae 
Continuous flow settlement with chemicals - - 2) eb 1 Ss Lee G aes 
Quiescent settlement without chemicals - - - - 700) tee 2 ead 
Continuous flow settlement without chemicals - - - - 960" 2/°Sa0 2 42. ste 
Septic tanks - - - - - - - - - 960, 8. 5 2. to se 








~The total cost of the pocilers treatment in each case (loan charges included) would 
therefore be as follows :—~ 


Per Annum. 











Total Cost of i Total Cost of 
Preliminary Process. Preliminary Radi se complete 
T Filtration Process. 

reatment. Treatment. 

£ g0Rd. fs a aa £ sc: 

Quiescent settlement with chemicals... - - 24) E2582 Org 572s 19 7 1,831.0 4 
Continuous flow settlement with chemicals - mr poe es Ce gs Mine | 661 11.3 1,796) lis 2 
Quiescent settlement without chemicals ~ — - - 7244 efi 9 766 2 1,490: 16°11 
Continuous flow settlement. without chemicals -j| -564°12 8 960 “5 1,529 yey 
Septic tanks - - - - . - - O20 7 a tt 960 D 1589 135 4 





Per Million Gallons (dry weather flow.) 











Total Cost of 
Preliminary Process. Preliminary Ue ies ns 2 a Te ee eS 
Tooueene utration Process.| plete Lreatment. 
ee ae ts 2 E Miha WO 7 Fae es 
Quiescent settlement with chemicals - : - 3 ge dl Lect e555 5 Oe 
pies 3S flow settlement with chemicals - > we 2 1 AS ee 4.18 ..5 
Quiescent settlement without chemicals + - 1; a =.38 B tail on hed Aim chistes 
Continuous flow settlement without chemicals — - 12 ud) Qt LD ay fo ge et 
Septic tanks - - . - - 1 14 #6 Aan SN 4 2 








5 545 SS —————— eee 








* See page 105. 
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Arranged in the order of cost the five complete processes are as follows -— 


| 








Total Cost per 
Million Gallons. 
(dry weather flow). 


Total Cost per 
Annum. 











e dau 1Gk po me Me 
Quiescent settlement without chemicals — - ~ P - 1,490 16 11 4 7 
Continuous flow settlement without chemicals - - - Looe teat ta, doa WET 
Septic tanks (open) - - - - - : : - 1,589: -13- 4 4 2 
Continuous flow settlement with chemicals - - =| TG Es? SB ta 
Quiescent settlement with chemicals —- - - - 1831 0c ‘i ee 





Conclusions. 


82. The above figures have been arrived at by making a number of assumptions, but 
they are based upon a large mass of evidence and experience. 


We have not had an opportunity of making comparative observations, as regards 
all the processes, at one place. 


The figures show that there is little difference as regards annual cost between the 
processes of quiescent and continuous flow settlement of sewage and septic tank settle- 
ment, when these are adopted in conjunction with percolation through filters of coarse 
material, the maximum difference being only 6 per cent. On the other hand, the two 
processes of chemical precipitation are from 20 to 25 per cent. more costly than the 
cheapest of the simple settlement processes. As regards this point, however, it must be 
remarked that sewage which has undergone chemical. precipitation contains less 
suspended and colloidal matter than sewage which has been passed through a septic 
tank, or than sewage which has been settled without chemicals, and therefore it can 
be treated on a filter of finer material, and in that case a smaller number of cubic yards 
of material than we have allowed for in this comparison would suffice for its 
purification. | 


‘In this connection, it may also be pointed out that, where sewage is freed, as far as 
possible, from suspended matter, a large extra quantity may, in times of storms, be passed 
through coarse percolating filters, without injury to:the filters.* 


In the absence of special circumstances favouring a particular plan, it would 
appear that there is very little difference in annual cost between the various methods 
of tank treatment followed by filtration through percolating filters, assuming that the 
kind of filter adopted in each case is that which is best adapted to the particular tank 
treatment provided. | 


SoME OBSERVATIONS ON THE CHOICE oF TANK TREATMENT. 


83. The form of preliminary treatment which should be adopted at a given place should 
depend mainly upon the means at hand for the disposal of sludge, and upon the class of 
filter to be used in the subsequent filtration of the tank liquor. If fine filters are to be 
used for the oxidation of the tak liquor, the tank treatment should generally be such as 
will eliminate a large proportion of the suspended and colloidal matter. 


We shall make some further observations on this aspect of the question in the section 
dealing with filters. With’ tank liquor of given strength, and containing a given quantity 
of suspended and colloidal matter, it is of little consequence, as regards the subsequent 
filtration, by what method of preliminary treatment this liquor has been obtained.{ 








* See Leeds Report 1905, pp. 114, 115. 


+ From the result of the experiments at present in progress at. Dorking, the above statement may have 
to be somewhat modified. The neutralisation of the sulphuretted hydrogen of the septic liquor and the 
slightly increased alkalinity given by the lime appear to allow of a very considerable increase in the volume 
which may be filtered per cube yard, greater than would follow from the mere reduction in suspended solids 
effected by this precipitation. 
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The nature of the sewage to be treated should, however, be considered in selecting 
the tank treatment to be adopted. 


Domestic sewages may be divided into three classes, viz. :— 
(1) Domestic sewages which are very strong ; 


(2) Domestic sewages of about average strength ; and 


(3) Weak domestic sewages. 


Domestic Sewages which are very Strong. 


84. Very strong sewages, derived from towns where the water-closet system 1s in vogue, 
contain more suspended and colloidal matter than weak sewages. Our analyses, so iar 
as they go, have shown that the actual proportion of colloidal to suspended matter in 
sewage is not great; but since the amount of colloidal matter is frequently somewhat 
larger in a septic tank liquor than in its corresponding sewage, the proportion of colloidal 
to suspended matter in a strong septic tank liquor may be considerable. Such a liquor 
would exercise a greater clogging effect upon a filter of fine or medium-sized material than 
its figure for ‘‘ suspended solids ” would lead one to expect. Moreover, the septic liquor 
and sludge produced from such a sewage would almost certainly give rise to considerable 


smell, and if the sewage contained much brewery or tannery waste the smell would be 
still more pronounced. 


Where sewage has to be pumped its character may be abnormal. It may remain 
for a considerable time in the main sewer or sewers, and become “septic ”’ in character 
before it reaches the outiall. Moreover, in such cases, surface water is often rigorously 


excluded so as to diminish the cost of pumping, and the strength of the sewage is thus 
increased. 


In the majority of cases we think it would probably be better to adopt chemical 
precipitation rather than septic tanks as the preliminary process for very strong water- 
closet domestic sewages, and especially would this be the case if the sewage contained an 
appreciable quantity of brewery or tannery waste.* Precipitation with chemicals has the. 
effect of throwing down, as sludge, a considerable proportion of the colloidal matter pre- 
sent, and some precipitants have the power of retarding for a short time the putrefaction 
of the sludge, so that precipitation sludge, if removed from the tanks at short intervals 
of time, can usually be disposed of with less danger of nuisance than septic tank sludge. 


It may also be remarked that the addition of lime to a putrid domestic sewage is followed 
by a great diminution of the smell. 


Moreover, chemically precipitated sludge is, volume for volume. usually much less 
costly to press than septic tank sludge, especially if it is derived from a strong domestic 
sewage of the kind indicated above ; indeed the quantity of lime which has to be adced 
to some septic tank sludges makes the cost of pressing almost prohibitive. 


Simple sedimentation of a sewage of this class would also be less advantageous than 
chemical precipitation. Little colloidal matter would be removed from the sewage, and 


there would be more danger of nuisance from smell during the sludging of the tanks and 
the sludge disposal operations. / 


85. Asregards very strong domestic sewages consisting for the most part of slop-water 
there is, apart from the question of cost, little to choose between the various methods of 
settlement. The bulk of the suspended matter in such a sewage settles fairly rapidly, 
leaving a soapy liquid containing a considerable quantity of greasy suspended matter. 
Such sewages are, however, usually to be found at small places where labour for frequent 
sludging would not be available, and in these circumstances septic tanks would usually 
be more economical than sedimentation or chemical precipitation tanks, and they would 
produce a tank liquor which would be suitable for filtration through coarse filters. 





* The success which has attended the treatment of the Dorking septic tank liquor with a small 
quantity of lime makes it appear possible that in some cases the combination of the two processes—.e., septic 


tank treatment followed by lime precipitation—would be preferable to precipitation alone (c.f, paragraph 56 
and note on p. 43). 
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We have had opportunities for observing the treatment of sewages of this kind by 
various methods of settlement, including septic tanks (Hemsworth), settling tanks used 
on the continuous flow plan (Clifton, Lancashire), and chemical precipitation followed by 
quiescent settlement (Withnell). The two examples of chemical precipitation followed by 
continuous flow settlement which we have had under observation—Calverley and Norman- 
ton (Yorkshire)—did not give very good results as regards settlement, the suspended 
matter in the tank liquor being above 12 parts per 100,000 in both cases. The reasons 
for this were that the sewage varied greatly in strength throughout the day, and the 
proper addition of the precipitant was a matter of much difficulty ; and, as is common 
at some places, the tanks were allowed to run too long without cleaning. 


Domestic’ Sewages of about Average Strength. 


86. For domestic sewages of about average strength, whether of the slop-water or water- 
closet type, the choice of the preliminary process should depend upon local circumstances 
and upon the kind of filters to be adopted. With such sewages equally good final 
results may be obtained either from septic, sedimentation, or chemical precipitation 
tanks, followed by artificial filters, though the size of the material to be used in the filter 
should depend, to some extent, on which tank treatment was adopted. The least amount 
of sludge is produced by the septic tank and the greatest amount by the chemical precipita- 
tion tank, but a larger area of filter is required for the treatment of the septic tank liquor 
than for the treatment of the precipitation tank liquor. Approximately the same filter 
area is required for the filtration of sewage from sedimentation tanks used with a con- 
tinuous flow as for septic tank liquor. If quiescent sedimentation is adopted, a smaller 
area of filter will suffice. Excepting at very small places, where the labour costs for the 
constant sludging of the tanks would be disproportionately high, or in cases where pump- 
ing would be required, quiescent sedimentation gives considerably better results as regards 
suspended matter than continuous flow sedimentation, at practically the same cost. 


Weak Domestic Sewage. | GRIM ate 

87. The last 4 or 5 parts of suspended matter are extremely difficult to throw down 
as sludge, and in the case of weak sewages the diflerence between the various 
tank treatments, as regards suspended matter in the resulting liquors, is not nearly so 
great as it is in the case of strong sewage. 


For this reason, the advantage as regards amount of sludge produced and saving in 
cost of chemicals which the preliminary processes of septic tank treatment and continuous 
flow sedimentation have over chemical precipitation, is of greater importance with weak 
than with strong sewages. The septic tank process would, we think, generally be most 
economical for a weak sewage, if land were available for the burial of the sludge. The 
sludge produced would not have a very offensive smell, and might indeed in some cases 
be comparatively free from smell. If, however, no land were available for the burial 
of the sludge, the extra cost of pressing septic tank sludge would materially diminish 
the advantage of septic tank treatment. 


Summary for Domestic Sewage. 


88. Speaking generally, we should say that chemical precipitation is more suitable 
for strong sewages or sewages likely to give rise to nuisance, while septic tank treatment or 
sedimentation would usually hold the advantage in the case of weak sewage. For sewage 
of about average strength there is probably little difference between the three processes, 
and the selection of the process would depend chiefly upon the facilities for sludge disposal, 
the position of the works as regards houses, and the kind of filters to be adopted. 


It must be remembered, however, that there are other considerations which may 
affect the question. A particular sewage, for example, may be liable to great variations 
in strength and character, and the equalising effect which the septic tank has on such a 
sewage is a point of considerable importance. 


6225—I, G 
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Moreover, it is by no means to be thought that finality has been reached in the pre-. 
liminary treatment of sewage. New combinations of tanks or of processes may lead to 
much improvement; a cheap deodorant for sludge may be found, etc. In’this connection, . 
we may refer to the results of our experiments at Dorking upon the treatment of sewage 
by septic tanks, followed by precipitation with lime, which-are mentioned on p. 29> «~~ 


Sewage from large Caties. 


89. The presence of trade waste in large or preponderating quantity has an important 
bearing upon the preliminary treatment of the sewage from a large city. Where the sewage 
contained much brewery waste, lime would probably have to be added for the purpose 
of neutralisation, as at- Burton-on-Trent ; where it. was strongly alkaline, or very greasy, 
-acid might have to be used as the precipitant, as at Bradford ; where it contained much 
tarry matter or matter which had an inhibitory effect upon the activity of purifying 
organisms, septic tanks might be preferable, by reason of the longer stay which they give 
to the sewage. Manchester may be cited as an example of this last case. For these 
reasons it is impossible to make any but the broadest generalisations with regard to the 
preliminary treatment of the sewage from large cities, whether it be weak or strong. 


Where very large areas of filters have to be put down, it is of considerable importance 
to protect them against clogging, and we think that it will usually be found best in the 
case of a large city to adopt effective means for the removal of most of the suspended 
matter before filtration. In the majority of cases this would involve the adoption of 
chemical precipitation, though not necessarily in all, for Mr. Watson, of Birmingham, has 
shown that a well clarified tank liquor can be obtained by interposing Dortmund tanks 
between the septic tanks and the filters. The Birmingham septic liquor contains on the. 
average about 20 parts of suspended matter before entering the Dortmund tanks, but 
only about 6 parts when it leaves them. This liquor from the Dortmund tanks has now 
been treated for some years on percolating filters without serious clogging. It must 
be pointed out as regards Birmingham, however, that at that place there is a very large 
area of land available for the disposal of sludge... If it were not for this, sludge pressing 
might have been necessary, and having regard to the difficulty of pressing septic tank 
sludge, it might have been desirable to adopt chemical precipitation. : 


PART IL.—PURIFICATION OF SEWAGE BY ARTIFICIAL FILTERS. 


INTRODUCTORY REMARKS. 


90. Sewage filters may be divided into two. broad classes :—contact beds and percola- 
ting filters. 


Contact beds are tanks filled with some filtering medium. In this type of filter, 
the sewage is held-up -before-it is discharged... The bed, after it is emptied, .is allowed 
to remain empty for some time before receiving the next filling. .The length of time 
during which the sewage is allowed to stand in the bed is spoken ‘of as the period of 


contact. 


In percolating filters-the sewage is not held up, but is allowed to percolate through 
the filter. 


There can be no doubt that the organic matter in solution in sewage can be oxidised 
by either type of filter, provided the filter is properly constructed and properly worked, 
but the question of the relative merits of the two types is one of some difficulty, as very 
few strictly comparative experiments on a large scale have been made.. . 


~~ 
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SOME OBSERVATIONS AS TO THE EXTENT TO WHICH THE 
SUSPENDED SOLIDS SHOULD BE REMOVED FROM SEWAGE 
BEFORE IT IS FILTERED. 





91. No rule can be laid down as to the extent to which the suspended solids 
should be removed from sewage before it is filtered, but, speaking generally, if 
it is proposed to use filters of fine material, we think it will be found most 
economical to adopt some form of tank treatment which will yield a tank liquor 
fairly free from suspended solids; whereas, if coarse filtering material is to be 
used, this is not so essential. 


If much suspended matter is put on fine filters, they are likely to choke very 
rapidly unless the rate of filtration is very slow. 


Under the heading “ Some observations on the choice of a method of sewage treat- 
ment,’ page 202, a number of points are mentioned which should be taken into account 
in determining what method of treatment should be adopted in any particular place, 
and in this section we only propose to give the results of our general experience 
as to the amounts of suspended matter, which, having due regard to the life of the filter 
and to the quality of effluent, may be allowed with certain kinds of filters, worked 
at certain rates. 


The figures relate to domestic sewage, or sewage containing only small amounts 
of trade refuse, of average strength. 


The rates of filtration which we give could generally be doubled in wet 
weather. Thus, assuming it was desired to provide enough filtering material to 
filter in storm times up to three times the dry weather flow of sewage, the amount 
of material required would be 50 per cent. more than the amount which would 
be required for the dry weather flow, calculated on our figures. 


I.—Contact Bens. 
Coarse Material (3 ins. diameter and upwards). 


92. Grit-settled sewage containing 20 to 30 parts of suspended matter could be 
treated at the rate of 1 to 14 fillings per day (about 30 to 40 gallons per 
cube yard* per day for double contact) upon material of this size in contact beds ; 
if the sewage contained 30 to 50 parts of suspended matter per 100,000, the rate of 
treatment should not exceed | filling per day (about 30 gallons per cube yard per 
day for double contact). In both cases provision would have to be made for 
thoroughly washing the material in the beds about once every 18 months or 2 years. 
Secondary beds of medium-sized material, used subsequently, would probably have 
to be washed every 4 or 6 years. 


Medium-sized Material (4 in. to 1 in. deameter). 


93. Tank liquors containing 10 to 15 parts of suspended matter per 100,000 could be 
treated upon material of this size at the rate of about 2 fillings per day (50 gallons 
per cube yard* of filtering material per day for double contact, or 100 gallons per 
cube yard for single contact), but the material would have to be thoroughly washed 
or renewed every 3 to 5 years. If the tank liquor contained from 4 to 7 parts 
of suspended matter per 100,000, the rate of treatment might be 3 (about 80 gallons 
per cube yard * per day for double contact, or 160 gallons per cube yard for single 
contact) or, at times, 4/fillings per day, and the beds would probably have to be 
washed every 4 or 5 years. In both these cases the material in the secondary beds 
would probably not require to be washed for 7 or 8 years. 








* See footnote on next page. 
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If the liquor contained from 1 to 4 parts of suspended matter per 100,000 it 
could probably be treated at a rate of 4 to 67 fillings per 24 hours (about 100 to 160 
gallons per cube yard * per day, for double contact), and the material might not need 
washing for 6 to 8 years, or possibly even longer. Secondary beds, in this case, 
would probably last for 12 or 15 years. 


Fine Material (4 in. diameter). 


94. It would be inadvisable, we think, to attempt to treat tank liquors containing 
more than 4 or 5 parts of suspended matter per 100,000, on material of this size. 
A good tank liquor, containing from 1 to 4 parts of suspended matter could, probably, 
be well filtered at the rate of from 4 to 6* fillings per day (about 100 to 
160 gallons per cube yard ¢ per day for double contact or 200 to 320 gallons per cube 
yard for single contact), and the material would, probably, not have to be washed for 
6 or 8 years. The upper part of the material in secondary beds would, probably, have 
to be washed every 12 or 15 years. 


IJ.—PERCOLATING FILTERS. 


Coarse Material (3 in. dvameter and upwards). 


95. Grit-settled and screened sewage could be treated on a percolating filter com- 
posed of material of this size even if it contained as much as 30 parts of suspended 
matter per 100,000, provided such suspended matter was not largely made up of fibrous 
material, hops, etc. If the sewage was of average strength, it could, probably, be 
filtered at a rate of about 50 gallons per cube yard per day. The upper part of the 
material would, we think, have to be removed and replaced about: every 2 years, and 
the lower part flushed through with water or clarified sewage. 


. Tank liquors containing, say, 10 to 20 parts of suspended matter per 100,000, 
might be treated upon this material for long periods of time (say, 10 to 15 years) 
with occasional renewal of the top foot of material. If the tank liquor was of about 
average strength, it could be filtered at a rate of about 100 gallons per cube 
yard per day. . . 


A tank liquor of about average strength, containing from 4 to 7 parts of suspended 
matter per 100,000, could similarly be treated on coarse material, but in this case the 
rate of filtration might be about 100 to 150 gallons per cube yard per day. 


A tank liquor, containing from 1 to 4 parts of suspended matter per 100,000, 
could be filtered for even longer periods of time on coarse material, and, if it were of 
about average strength, at a rate of 150 or possibly 200 gallons per cube yard per day. 


In all these cases the filtration might occasionally be affected by fungoid 
growths on the surfaces of the filters. Provision would generally have to be 
made in the first three cases, and possibly in the last also, for the settlement or the 
straining, through fine material, of the filter efflaent, in order to reduce the suspended. 
matter contained in it. 


Medium-sized Material (4 in. to 1 in. diameter). 


96. Grit-settled. and thoroughly screened sewage could generally be treated upon 
material of this size, even though it contained as much as 30 parts of suspended 
matter per 100,000. The rato of filtration, however, should not exceed 25 gallons per 
cube yard per day, and even in that case the upper part of the material would probably 
require to be washed every 2 or 3 years. The plan would, we think, not be economical, 
except at very small places. 





* There are good grounds for putting the average water capacity of a primary contact bed during its 
work ng life at about 33 per cent. of its original empty tank capacity. These estimates are consequently based 
upon that assumption. We estimate that the average capacity of a secondary bed during the lifetime of its 
coump'ementary primary bed, is about 40 per cent. of its original empty tank capacity. If this is taken into 
account, 7.¢., if the secondary beds are made proportionately smaller than the primary beds, tue rates 
of filtration per cube yard per day will be rather greater in each of the cases given above. 


re + With large beds such a high rate of working would, probably, be only practicable for short periods 
of time, : 
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Tank liquors containing from 10 to 15 parts of suspended matter per 100,000 
could generally -be treated-on this material at’ a rate of:about 50 gallons per cube yard 
per day, if the upper part of the material were washed or Sere once in 3:or 4nyears, 
and. Sie ided also that the bed were well-rested immediately any - gts of ponding | 
occurre 


A tank liquor containing from 4 to 7 parts of suspended matter per 100,000 could 
generally be filtered at a rate of 75 to 100 gallons per cube yard per day. The upper 
part of the material would probably require washing or renewal once in 3 to 5 years. 


~ A very good tank “liquor containing from 1 to 4 parts of suspended matter could 
generally be filtered at a rate of 150 to 200 gallons per cube yard per day, provided the 
filter were carefully rested when necessary, and also that the liquor was not of a kind 
liable to give rise to fungoid growths. The material in this case would probably last 
without washing for 5 or 6 years, or possibly even longer, though it might be advisable 
to wash or renew the uppermost few inches every 1 or 2 or 


In the first three mentioned cases, and possibly in the last also, provision would 
usually have to be made for the reduction of the suspended matter in the filter 


effluent. 


Fine Material (4 in. drameter). 


97. It would be inadvisable, we think, to attempt to filter tank liquors containing 
more than 6 or--7+ parts of suspended matter per 100,000. on material..as.fine. as 
this. Crude sewage. for instance, would clog -the! surface-of such material. in-a very 
short time, unless the rate of filtration were exceedingly slow, and even then the sur- 
face of the material would have to be constantly scraped and cleaned. 


Tank liquors containing from 4 to 7 parts of suspended matter per 100,000 could 
generally be filtered at a rate of 75 to 100 gallons per cube yard per day. ° The upper 
part of the material would require washing or renewal about once in 4 or 5 years. 


A tank liquor containing from 1 to 4 parts of suspended matter per 100,000 could 
probably be filtered at a rate of 150 to 200 gallons per cube yard per day, and the material 
in the upper part of the filter would probably require washing once in 4 or 5 years. 
The higher rate could only be maintained, if the filters were shallow. 


Very fine Material (4.in. diameter and smalter). 


98. Where material, such as sand, is used for a filter, or where the filter is protected 
with a surface layer of sand, only very well clarified tank liquors can be treated, unless 
the rate of filtration is very slow and the surfaces of the beds are scraped or washed at 
short intervals. Such filters must necessarily be used intermittently. 


For tank liquors containing from 4 to 7 parts of suspended matter per 100,000, the 
rate of filtration should probably not exceed 50 gallons per cube yard per day, and 
the surfaces of the filters would’ have to be scraped after every one or two applications of 
the liquor. If the fine material alone were relied upon for the distribution of the liquid, 
the rate of filtration might possibly have to be slower. If very fine-grained filters 
were arranged in the shallow form and were washed by upward flow every one or 
two weeks, it would be possible to treat a very good tank liquor from a sewage of 
about average strength, containing, say, | to 4 parts of suspended matter per 100,000, 
at rates of from 200 to 300 gallons per cube yard per 24 hours. The liquor would 
have to be delivered intermittently, and the distribution must of course be efficient. 
At Chorley, where such a tank liquor is delivered on to filters of this kind, :the rate of 
filtration is upwards of 350 gallons per cube yard per day. Here, ‘the tank liquor 
is delivered in large flushes which cover the whole surface of each ‘bed to a depth of 
2 or 3 inches, and the surface of the beds is frequently washed. 
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CONTACT BEDS. 





99. Our knowledge of the action of a contact bed is very incomplete, and little is 
known as to the manner in which the organic substances of sewage are broken down during 
the first stages of fermentation into carbon dioxide, ammonia, etc. The purifying agents 
seem to be not only bacteria, but also worms, larve, insects, etc., and we can offer no 
opinion as to the respective amount of work done by each set of agents. It probably 
differs to some extent according to the nature of the sewage. _ It has been observed that 
at some places large numbers of worms are present, while at others there are comparatively 
few. Little is known of the kind of bacteria essential for purification, or as to their mode 
of action, and we are not able to state whether they act chiefly during the period of 
contact or during the period of rest, or aeration, after “he filter is emptied. There are, 
however, grounds for thinking that the resting period 1s the more important phase of the 
cycle. 


The generally accepted theory as regards nitrogenous matter seems to be-that the 
ammonia is extracted from the liquid during the period of contact,- and oxidized 
during the period of rest, and that the resulting nitrate and nitrite are diffused through 
the liquid of a subsequent filling. . All the ammoniacal nitrogen, however, does not appear 
in the effluent in the oxidized state, for there is always loss of nitrogen, as nitrogen gas, 
during the process. 


The withdrawal of suspended and colloidal matter from the sewage during its passage 
through the bed appears not to be a simple mechanical effect of the material, for a matured 
contact bed, not clogged, will withdraw more suspended matter from the sewage than 
another bed similar in all other respects, but not matured. Ag'regards the action which Dibdin, 2176, 
takes place in a ‘contact bed, we may also refer to the evidence of Mr. Dibdin, Dr. Rideal, 3902-2. 


Mr. Harrison; Mr: Valentine and Dr. Fowler. site 4133, 
4207-8, 
) Harrison, 22021. 
_, CONSTRUCTION OF Contact BeEDs. . “eh Valentine, 22475- 


100. In some cases contact beds have been made by simple excavation, but our Fowler 22815. 


experience and the evicence which we have received show that in the majority of cases it 
is desirable that the beds should be constructed of building materials. 


When contact beds are constructed by simple excavation in clay soil, there is risk Wilkinson,24282, _ 
of the clay sooner or later, according to the character of the ‘stratum, working up ‘into Vi8® 28588 
the filtering material. Moreover, the lines of underdrains are apt to become distorted, 
as the result of unequal settlement. : 


At Heywood an experimental bed was constructed, without concrete, in clay soil, 
and it was found that the clay worked up into the bed and formed an impervious mass 
round the drain pipes. 


Again, there is danger of leakage unless the soil is of a very dense nature and the 
embankments are of considerable width. This leakage may occur as a result of unequal 
settlement, or through rats or moles burrowing into the embankment, or through the 
cracking of the clay during periods of rest or frost. The result of leakage may be detri- 
mental to the working of the bed. Two instances which have come under our own 
observation may be mentioned. 


At Halton it was found necessary to fill two of the primary contact beds simul: 
taneously, as the liquid percolated from one bed to the other through the intermediate 
embankment. 


At Oswestry, where double contact beds were constructed in fairly stiff clay. soil, 
some of the retaining banks became sodden with liquid after three or four years’ work 
and sank considerably in consequence. 





Kven in the.most impervious kind of soil the outlet chambers of contact beds must 
e constructed of building materials, and, unless this work is most carefully carried out, 
here is danger of leakage at the juncture of the chamber and the embankment. It may 
Iso be remarked that the embankments required, where no building materials are used, 
ake up more space than properly built walls. : 
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On the other hand, where the site for the works consists of a dense clay, experience 
shows that the construction of contact beds by simple excavation may be satisfactory, 


As examples, we may refer to the beds at Burnley and Oldham. 


At Burnley twenty-four acres of double contact beds have been constructed by simple 
excavation in loam and heavy clay soil. The oldest of the Burnley beds was brought 
into use about ten years ago. 


At Oldham, where the soil is chiefly clay, with pockets of sand in places, five acres 
of single contact beds have been constructed by simple excavation, the sides being 
puddled where necessary and boarded up with 3-inch planking. 


In both these cases the construction has been fairly satisfactory. 


101. The construction of the bottom of a contact bed should be such as to allow of 
the treated liquid being drawn off quickly, but quietly, in order to give the material 
the longest possible rest and aeration. 


The liquid which, at the commencement of the filling, finds its wav into the drains 
of a contact bed is not purified to the same degree as the bulk of the hquid throughout 
the filtering material, and, for this reason, the drains of a contact bed should not be 
larger than is necessary to allow of the thorough draining of the bed.* 


It has been suggested that this difficulty of unequal purification might, to some extent, 
be overcome by constructing the drains so that they would remain full of filter effluent 
after the bed had been run off. We are not aware that this course has been actually 
tried, but if it were adopted, great care would have to be taken to construct the drains 
‘ below the level of the material, and to place the outlet valve in such a position as to pre- 

clude the possibility of effluent standing amongst the lower layers of the material during 
‘the resting period. Whether the aeration of the bed, during the “ rest,”’ would be affected 


<< -wé'are unable to say. In any case it would be inadvisable to attempt this plan of 


‘draining where the bottom was not constructed of concrete or some such material. . 


In order that the withdrawal of the liquid may be gentle, as well as rapid, it is desir- 
able to provide several drains, especially in a large bed. 


~ Sofi f * 
ae 


- 102. Two points of detail.may be mentioned here which are of some importance :— 


The outlet valve of a contact bed should be fixed in such a position that a proper 
sample of the filter effluent can be collected from it. In a number of cases we have found 
it very difficult to draw proper samples of effluent from contact beds, owing to the 
outlet valves being placed low down in the channel along which effluents from other beds 
were flowing, and in these cases it has not been easy to ascertain the efficiency of the 
individual beds. 


The feed channels to the secondary beds should be constructed so as to provide 
reasonable facilities for measuring the capacity of the beds. These beds are frequently 
-go constructed that accurate measurements of capacity cannot be made. 


DeptH oF Contact BEDs. 


103. The evidence shows that, within ordinary limits, the depth of a contact bed makes, 
practically, no-difference to its efficiency per cube yard. 


At Leeds, experiments were made with three contact beds of different depths, filled 
with similar material, and treating the same tank liquor. These beds were, respectively, 
5 feet deep, 4 feet deep, and 3 feet 6 inches deep. 


The bed 5 feet in depth received septic tank liquor at the rate of two fillings per day, 
with one week’s rest in every four. During the period from July, 1901, to March, 1905, 
the effluent showed, accotding to Mr. Harrison’s analyses, an average reduction of 78°6 
per cent. in oxygen absorbed from permanganate in four hours. 





ee ee | i A ge 
> * Notc.-—The actual size of the drains would depend to some extent upon the size of the material, 
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The bed 4 feet deep received septic tank liquor at the rate of one filling per 24 hours, 
from August 17th,-1901, to January 11th, 1905. The effluent showed an average reduc- 
tion in oxygen absorbed from permanganate in four hours of 80°3 per cent. 


The bed 3 feet 6 inches deep received septic tank liquor for fourteen months, at a 


rate of three fillings per day, and gave an average reduction in oxygen absorbed from 
permanganate in four hours of 74 per cent. 


Taking into account the differences in working, there was no great difference inthe 
results obtained in this experiment, and so-far as we could judge from a careful comparison 
of the results at the time the experiments were made, none which could be ascribed to the 
depth of the filters. 


The experience of Dr. Clowes in connection with some experiments which he carried 
out at the London sewage works was in agreement with that of the Leeds experiments. 


For further details on this question reference may be made to the evidence of Mr. 
Harrison, 22005; Mr. Valentine, 22450; Dr. Fowler, 22792; Mr. Wyke, 23599; Mr. 
Wilkinson, 24283 ; Mr. Campbell, 21652 and 21883 ; and Dr. J. B. Wilkinson, 22643. 


104. From our own experience of contact beds, we think that it would be generally 


inadvisable to construct them of a greater depth than 6 feet or of a less depth than 2 feet 
6 inches, 


In order that a contact bed may drain properly, it is necessary to have a few inches 
of large material on the floor of the bed, and this material, with the drains themselves, 
would occupy about 6 inches of depth. The sewage which remains among this coarse 
material, or in the drain spaces, during the time when the bed is full, is not so well purified 
as the liquor which is standing amongst the finer material in the upper part of the bed, 
and it is found that the first flush from a contact bed, which comes from the lowest part 
of the bed, is usually considerably worse than the main bulk of the effluent. Asa general 
rule, we doubt whether it would be wise to allow this less efficient portion of the bed to 
form more than one-fifth of the whole depth, and for this reason we suggest that the mini- 
mum depth should usually be not less than 2 feet 6 inches. 


As regards the maximum depth of contact beds we may observe :— 


(a) That an increase in depth puts a greater weight upon the filtering material 
in the lower part of the bed, and may cause disintegration. 


(6) That the difficulty of digging and handling the material, when washing is 
necessary, 1s greater with deep than with shallow beds, and that the operation 
would require a greater amount of labour and would result in more breaking 
down of the material during the process. 


105. Our experience of contact beds ranges from the deepest of the Leeds beds, 6 feet 
deep, to the shallow contact beds at Oldham, 1 foot 6 inches deep, the depths of the 
contact beds at the various places which we have had under observation being :— 


Leeds - - - - - - - - From 6 feet to 3 feet. 

Exeter (St. Leonards)- — - - - - 5 feet. 

Hendon - - - - - : - 5 feet (about). 

Slaithwaite - : - 5 : - 5 feet. 

Withnell  - = 2 ~ - - 5 feet and 3 feet 6 inches. 
Sweaty 2 =. = Aen - 4 feet 6 inches. 

Exeter (Main works) - - - - -- 4 feet 6 inches. 

Maidstone - * “ “ - - - 4 feet 4 inches and 3 feet 3 inches. 
Halton : ier: ' “ - - 4 feet 3 inches and 3 feet 3 inches. 
Hartley Wintney - - - - - 4 feet. 

Andover - - - - - - - 4 feet. 


6225—I. H 


54 


Hampton - - - - - - - 4 feet. 
Newton-le- Willows -- _ BA debe Rae alee iek feet 6 inches. 
Calverley - : : - - - - 3 feet. 
Guildford. - : x ud © doa» Deve.2 teet-6 inches. 
Oldham - : . - ee - 1 foot 6 inches. 


FILuinc AND Emptyina oF Contact BEps. 


106. The evidence shows that two hours’ contact and four hours’ rest have generally _ 
been found to give the best results in practical working, where the beds are filled three 
times a day, but no rule can be laid down which is of universal application. 


As regards this question Dr. Fowler stated in reference to his Manchester experience 
that the periods depend almost “entirely on the age of the bed and the dilution ofthe 
Fowler, 22798  **sewage.. In the initial stages of working, long contacts (e.g., twenty-four hours) have been 
‘found advantageous, their effect being to facilitate the formation of a slimy layer of col-. 
“Joidal matter on the medium, in which the real biological action begins. As this layer 
“increases, the ‘absorptive’ effect increases also, and less time of contact isrequired. More- 
“over, a greater quantity of water is held up in a bed, and the quantity of ‘draining’ in- 
“ereases, till with a bed in long use a very short contact, say, a quarter of an hour, is all . 
“that is required. ‘With increase in dilution of the tank effluent, due, e.g., to storm water, 
“the period of contact may be reduced to a minimum. In general, after the bed is once 
‘““mature,, the period of rest is more important than the period of contact, and the total 
‘time occupied in twenty-four hours in filling, standing full, and emptying should not 
“exceed the total of the period of rest. Thus, with frequent fillings, the time of contact 
‘should be shortened. If the bedi takes long to fill, the extra time in filling should be taken 
“from the time of contact. . The above also.applies to secondary beds, it being understood 
“that, as they. deal with an effluent containing less impurity,.they can be worked more 
“rapidly than primary beds.” 


At. Calverley. the. period. occupied. by filling and. standing full varied from 
six to twenty-four hours, the beds, being filled, on an ;ayerage,, less than once. 
a day. A good percentage purification on a strong precipitation liquor was obtained by 
single contact, but the liquor was too strong to allow of single contact producing a satis- 
factory effluent. The beds retained their capacity well. A long contact apparently 
helps to break down the suspended solids and to allow of their passing out of the beds 
in very considerable quantity. | 


107. Unless the circumstances are exceptional, we think that, in designing a contact 
bed scheme, a contact of two hours’ duration should be provided for, leaving subsequent 
experience to show whether this could not be shortened to some extent. The period of 
contact should be fairly regular, as sudden variations may, we think, have a disturbing effect 
upon the agents of purification. We have noticed, for instance, in beds generally giving two 
hours’ contact, that if the sewage is occasionally held up for a much longer time, say, five or 
six hours, great numbers of worms are driven to the surface. mig 


It is also desirable that the fillings should be as far apart from one another as 
practicable, (e.g., to give three fillings in three cycles of eight hours each, rather than three 
fillings in twelve hours followed by a twelve hours’ rest), so that the maximum 1 period for 
drainage and aeration between the fillings may be obtained. 


108. The operations of filling and emptying should be carried out as rapidly as 
possible, but care must be taken to avoid disturbance of the filtering material, as this 
may cause disintegration. 


Harding, 7051. Further, the evidence shows that the liquid should be passed on to the filter fairly 
et sey. evenly over its whole surface, so that the suspended solids may, as far as practicable, be 
Ross and Pickles, spread over the whole surface and prevented from entering the bed. 


Fowler, ine dao hibust sheen at 
oe oe abe 109, With a view to avoiding nuisance, the feed channels have, in some few cases, 
Wike, 23565. been placed slightly below the surface of the material, and no doubt the smell from the 
Wilkinson, 24920. heds has been thereby lessened. But beds fed in this way would, we think; require 


more frequent attention to prevent clogging. 


Od 


In one or two cases upward filling of contact beds has been suggested for a similar 
reason. This method of filling would, no doubt, lessen the risk of nuisance, but the 
difficulty of maintaining the capacity of beds worked in this way would be serious. 


AUTOMATIC GHAR. 


110. We have had many opportunities of studying the use of automatic apparatus for 
filling and emptying contact beds, and we have received evidence from several. witnesses 
who have had considerable experience of these devices. 


Our own observations and the experience of others show that it is not possible to rely 
entirely on automatic apparatus for sewage works, although within certain eure it may 
be advantageously used with considerable saving of labour. 


In the case of large sewage disposal works, where men are always available, we consider 
that it would usually be inexpedient to provide automatic plant. It is liable to get 
out of order, it does not adapt itself to variations in volume and strength of sewage, 
state of beds, etc., and generally it is preferable to work the beds by manual labour, where 
such labour is at hand. 7 


At Manchester, automatic gear was given a careful trial, with a view to its ultimate 
adoption, if successful. Tt had, however, to be abandoned, and in reference to this 
Dr. G. J. Fowler stated :— 


“T have had considerable experience of these devices, both on the experi- Fowler, 22800,’ 
*“ mental and working scale at the Davyhulme works, and also at the Withington 
“works. My experience leads me to think that in large works, where skilled 
“supervision must be provided in any case, there is no advantage in their use. 


“In small works I think some simple mechanism is useful, chiefly on 
“economic grounds, but it, should not be left without. some attention, if pos- 
*“ sible, at least once a day.. In small works, with the, filtering area divided into 
“few units, great fluctuations may occur in the cycle unless some arrangement 
“ of dosing tank is provided, or storage in the main.tank (septic or other). These 
“ fluctuations may be harmful by causing the time of filling to be too prolonged, 
“with consequent curtailment of the, resting period. The chief difficulty, how- 
“ever, is the constant variation in the water-holding capacity of the beds and 
“in the permeability of the surface, causing pondage and irregular working.” 


We may also refer to the evidence of Messrs. Raymond, Ross and: Pickles in regard to Ross and Pickles, 
to the Burnley works. They stated :— | 20778. 


“We have not used any automatic apparatus for filling or discharging. 
“The reasons which have led to the exclusion of automatic apparatus are as 
“ follows :— 


(i) “ They are very liable to get out of order, and consequently it is necessary 
“to have a man always on the watch to see that they are working properly. 
“As the attendance of] one man is all that is required at our works 
“to control the valves, no saving of wages would be effected, but there 
“would be considerable increase in capital outlay, as all the appliances 
x are expensive to instal, and, we think, costly to maintain. 


(2) * _ Avtomatic apparatus takes no notice of the condition of the bed, which, 
‘in our opinion, is a matter of considerable importance. 


(3) “ Where the flow of sewage varies, it is desirable to be able to bring the 
“larger beds into use during the time of the greatest flow, so that their 
“period of filling may approximately equal that of the smaller beds. This, 

“we consider, is best accomplished by hand control.” 


Similar evidence was given by other witnesses. 


bo 
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In the case of small sewage works, however, where labour would not always be avail- 
able, automatic gear for filling and emptying the beds would often effect considerable 
saving. Where automatic gear is provided, proper arrangements should be made for 
the treatment of storm water or sewage overflow arising from a breakdown in the gear. 
In no case can personal attention be dispensed with entirely. 


Loss or Capaciry oF Contact BEDs. 


111. The loss of capacity of contact beds is undoubtedly a serious drawback to their 
efficiency. The evidence shows that the loss chiefly depends upon the following factors :— 


(1) Disintegration of the filtering material. 

(2) Consolidation of the filtering material. 

(8) Deposition of colloidal matter. 

(4) Growth of organisms. 

(5) The volume of liquid passed on to the bed. 

(6) Insufficient rest. 

(7) Inefficient drainage. 

(8) The amount of suspended matter in the liquid passed on to the bed. 


(1) Disintegration of the Filtering Material. 


112. In the experiments made by Colonel T. W. Harding and Mr. W. H. Harrison at 
Leeds, the material in nearly all the contact beds was found to have disintegrated 
considerably. 


One of the first of these experiments related to the treatment of crude sewage on 
contact beds, filled with particles of coke over 3 inches in diameter. This experiment 
lasted from October 2nd, 1897, to September 8th, 1898, and the coke, in both the 
primary and secondary beds, suffered considerable disintegration. When the experiment 
was completed, the material in the primary beds was taken out and only that coke 
‘replaced which could not pass through a 14 inch mesh. Colonel Harding and Mr. Harrison 
computed the volume of coke rejected in this way at 45°25 per cent. They concluded 
that if a material could have been used which was not liable to degradation, probably 
one-third of the loss of capacity would have been avoided. 


In the clinker beds, crude sewage, chemically precipitated sewage, and septic tank 
liquor were treated, and in the case of these beds, also, considerable disintegration took 
place. | 


At Hartley Wintney, where soft furnace clinker was used, we observed that the 
material had disintegrated considerably after five years’ work, and we came to the con- 
clusion that this was one of the chief causes of loss of capacity of contact beds at that 
place. 


At Burnley, where a large area of contact beds has been in use for some years, it has 
been found that the disintegration of the material has caused a considerable loss of capacity. 
The experience of Burnley, however, has shown that much of the material which has 
broken down in primary beds may be used with advantage in secondary beds, and that 
beds which are filled with old material, after it has been washed and re-screened, do not 
lose capacity so rapidly as beds constructed of new material. 


The experience of Manchester in regard to the disintegration of material is also of 
value. The following data have been given to us as representing a typical case :— 


Contact bed No. 10 was first brought into use on May 2nd, 1902, the bulk of the 
material of which it was composed consisting of dry screened boiler clinker and cinders 
rejected by a S inch mesh. There was also large clinker over the line of drains. After 
having received 2,578 fillings the bed was stopped, and the whole of the material was . 
washed against a + inch mesh sieve. As a result of this screening, 24°1 per cent. of the 
material was found tobe too small to go back into the bed. About two-thirds of this 
was + to 4 inch in size, and was available for the surface of the secondary beds. The 
actual loss of material, after allowing for the re-use of the material on secondary beds, 
was estimated by Dr. Fowler at about 8 per cent. to 10 per cent. of the original material. 
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At Newton-le-Willows, the material (furnace clinker) in all the contact beds at the 
central works was taken out and re-screened after six years’ use. In June, 1900, when 
the beds were first brought into operation, the material consisted of particles from } inch 
to 2 inches diameter. As a result of the re-screening, which took place between March 
and September, 1906, Mr. Arthur Bowes, the Surveyor to the Newton-in-Makerfield 
Urban District Council, estimated that about 25 per cent. was too small to be used again, 


At Andover, a bed which was under observation by Mr. R. W. Knapp, was first 
brought into use on August 13th, 1901, the bulk of the material (hard furnace clinker) 
being, at that time, from 4 inch to 4 inch diameter. In August, 1905, the bed was stopped 
and the material taken out and riddled, with the result that only 75 per cent. was found 
to be still } inch to 4 inch in diameter. The remainder had become too small to go back 
into the bed. 


At Oswestry, where ordinary house cinders were used in the primary beds, consider- 
able disintegration took place after about six years’ working. 


These, and other experiments, leave no room for doubt that a considerable propor- 
tion of the loss of capacity of contact beds is due to the disintegration of the material of 
which the bed is formed. . 


(2) Consolidation of the Filtering Material. 


113. Consolidation of the material usually accompanies its disintegration, the small 
broken pieces becoming washed into the interspaces of the bed. The same thing takes 
place where the separate fragments of material in a bed are of unequal size. 


In the Leeds experiments 1t was found that contact bed No. 8, treating septic 
- tank liquor, bad its capacity reduced within six months from 29,500 gallons to 10,700 
gallons, and this notwithstanding that the material below the upper 2 inches was still 
comparatively clean. 


The bed was rested for six weeks, and the material turned over, with the result that 
on restarting the capacity was found to be 26,900 gallons. The material in this bed was 
furnace clinker of 4 inch to 3 inch diameter. 


Much the same result was noticed during the filtration of lime-precipitated liquor 
at Leeds in a contact bed. The original water capacity of this bed, on March 24th, 
1899, was 55,700 gallons ; on October 20th, 1899, after rather over seven months’ working 
at three fillings per 24 hours, it had fallen to 21,600 gallons. Here again the material 
(clinker of 3 inch to 1 inch diameter) below the upper few inches was found to be fairly 
clean, though much consolidated. 


It was concluded that the loss of capacity in both cases was due very largely to con- 
solidation of fine material of uneven size, and our own observations of these beds bear 
this out. 


In another case—Hampton—where very much finer material was used, the same 
thing was observed. Tertiary bed No. 2, composed of boiler furnace clinker under 4 inch 
diameter, including dust, after being in use for five years, became so consolidated that 
much difficulty was experienced in getting the secondary bed effluent into it. The bed 
was then simply turned over, and a considerable increase of capacity resulted. From 
the appearance of the material before it was turned over (which although clean, was 
closely bound together), it was evident that the greater part of the loss of capacity was 
due to the consolidation of the material rather than to clogging from suspended matter. 


Beds of very fine material, as in this case, are undoubtedly more liable to consolidation 
than becs of medium sized or large material. Insome beds of the same kind at Devizes, we 
observed that the fine material (which also included dust), although fairly clean, was so 
closely bound together that the liquid of one filling had not time to run away before the 
next filling was due, with the result that putrefaction set up in the body of the bed. 


Fowler, 22803, 3 
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(3) Deposition of Colloidal Matter. 


114. The extent to which colloidal matter affects the ca pacity of filter beds has not been . 
fully investigated, but we are satisfied that in some cases it is serious. . Dr. Fowler was, 
we believe, one of the first to investigate the matter in this country, and it has recently been 
the subject of investigation by Dr. Owen Travis at Hampton, and Messrs. O’Shaughnessy 


and Kinnersley at Birmingham. 


(4) Growth of Organisms. 


115. Ifa piece of clean filtering material is taken out of the interior of a matured contact 
bed and scraped, its surface will be found to be covered with a jelly-like material, which, 
under the microscope, is seen to contain enormous numbers of bacteria. This material 
possesses the power of absorbmg oxygen rapidly and liberating carbon dioxide. It is 
probable that it is the living matter bound up in this jelly which gives the bed power 
to break down and oxidise the organic matter of impure liquids, but little is known about 
its precise nature and manner of action. : 


Several witnesses have expressed the view that the growth of organisms is one of the 
causes of loss of capacity in a contact bed. | | 


In regard to this point Dr. Fowler stated :— 


“This (growth of organisms) is at once the cause of increased efficiency in 
“the bed, and of loss of capacity. On examining the material of a contact bed 
“in active condition, every piece is seen to be coated over with a slimy growth. 
“Tf this is removed it soon dries to a stiff jelly, which can be cut with a knife. 
“Under the microscope masses of bacteria and zooglcea will be found to. be 
“present. If placed in a tube containing air, and connected with a manometer, 
“the jelly will rapidly absorb all the oxygen and produce carbon dioxide. | 


“ This action will sometimes produce a vacuum of several inches of mercury. 
“ There is little need, therefore, to force air into a bed, as the natural interchange 
“of gases which takes place is sufficient for adequate aeration. As a matter 
“ of fact, there is always a large amount of oxygen to be found at the bottom of 
“a bed in good condition. The behaviour of the bacterial jelly appears to afford 
“ the clue to the successful working of bacteria beds. By working them at a high 
“ sneed—i.e., filling them frequently in the day, without long periods of rest— 
“the effluent may remain good, but the bacterial growth so rapidly increases 
“that the bed becomes too spongy, and will not allow the water to drain away. 
“Here, too, is the explanation of the fact that, within certain limits, decrease of 
“ capacity is accompanied by increase of efficiency. 


“This decrease of capacity may, however, become so great as to outweigh 
“the advantage of increased efficiency. A long period, say one or two weeks’ 
‘ rest, must then be given to the bed. 3 | 


‘These rests should not exceed a fortnight at most, as the bed then tends to 
“dry up, and the activity of the organisms diminishes. | 


““Tt is therefore important that the decrease of capacity should not be 
“ allowed to become excessive before resting, or it may not be possible to com- 
“ pletely recover the loss during the time of rest.” ' Mis 


(5) The Volume of Liquid passed on to the Bed. (6) Insufficient rest. 
(7) Inefficient drainage. 


116. It isevident that, for physical reasons alone, the working capacity of a contact bed - 
must be influenced to some extent by the actual volume of liquid treated. 1, for instance, 
two exactly similar contact beds, filled with unmatured material of the same size, are fed 
with pure water, cné being given eight fillings and the other two fillings per day, the 
former, although not losing capacity in the absolute sense, will take rather less water 
at each filling than the latter, owing to the less time allowed for drainage between the 
fillings. , : 
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We do not suggest that the water held ina clean and unmatured bed by capillary 
attraction, after the bed is emptied, has a serious practical effect upon the working capa- 
city of a bed; but with a matured contact bed containing jelly-like masses of bacteria 
as well as sewage suspended matter in a very spongy state, the time allowed for drainage 
becomes a question of importance, and the volume of liquid dealt with, in practice, affects 
the capacity of contact beds. A rather larger quantity of filtering material would, for 
instance, be advisable at a sewage works, where two volumes of weak sewage were to be 
treated in contact beds, than at another where one volume cf sewage, of twice the strength, 
had to be dealt with. . 


117. The value of rest to a contact bed in helping it to maintain its water capacity is 
well known. We may cite two cases ; one relating to the treatment of a manufacturing 
sewage (Leeds), and the other to the treatment of a purely domestic sewage (Hampton). 


Leeds.—-During the experiments upon the filtration of Leeds crude sewage, 
the primary bed, which started on October 2nd, 1897, with a water capacity 
of 83,000 gallons, had been reduced by February 2nd, 1898, to 45,000 gallons 
capacity. - After a fortnight’s rest its capacity was again measured, and found 
to be 56,000 gallons, or an increase of 11,000 gallons. 


A similar increase of capacity followed subsequent rests. 


Hampton. —At Hampton, No. 2 primary bed started in the early part 
of 1899 with an estimated water capacity of approximately 43,500 gallons, and 
was found on February 3rd, 1903, to have a capacity of only 8,637 gallons. On 
September 23rd, 1904, after a fortnight’s rest, its capacity had risen to 12,965 
gallons. 


A gain of capacity in contact beds, by giving them rest, has been commonly noticed 
ever since they were first brought into use by Mr. Dibdin. -For some time the cause of 
the gain was assigned to the biological digestion of the suspended matter caught in the 
material of the filter. A part of the gain in capacity which takes place during rest is no 
doubt due directly to this cause ; but we think that much is due indirectly to the digestion 
tending to make the organic matter in the bed of a more granular and less spongy 
character. The ultimate gain in capacity is due to the water being able to drain away. 
It was shown, by Colonel Harding and Mr. Harrison at Leeds, that the deposit in a primary 
contact bed which had caused that bed to lose capacity contained something like 90 per 
cent. of water. 


It. must be remembered, however, that the gain in capacity which results from the 
resting of a clogged bed is generally only of a temporary character, a short rest of, say, a 
fortnight, serving for little more than to shrivel up the spongy and gelatinous matter 
in the interspaces of the bed. In many cases it has been observed that such matter returns 
to its original spongy state soon after the. bed has been restarted... If a bed could be rested 
for a very long time, the sewage matter would become permanently granular through 
oxidation; but this is not practicable on a large scale, and as it would possibly result 
in the bed losing its maturity, it is important not to allow a contact bed to become so 
seriously clogged as to necessitate a prolonged rest. 


As we have already intimated, it is important that the drainage should be efficient. 
Unless a bed is so constructed as to allow of proper drainage it will inevitably suffer rapid 
loss of capacity. Moreover its oxidising power will be impaired. 


(8) Suspended Matter in Inquid. 


118. Where the greater part of the suspended matter in the incoming liquid. is allowed 
to find its way into the body of the material, the loss of capacity tends to vary ‘in direct 
proportion to the amount of suspended solids in the sewage or tank liquor which is being 
treated. If very fine material is used in a bed, or if a bed of medium sized material is 
coated with a layer of very fine material, a large proportion of the suspended’ matter is 
caught upon the surface. | 
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There is a large amount of experience showing that primary contact beds lose 
capacity at a greater rate than secondary beds, and we think there can be no doubt that _ 
this is largely due to the fact that the primary bed usually receives considerably more 
suspended matter. At the same time the facts that the suspended matter in a primary 
bed effluent is of a somewhat different character to the suspended matter in a tank liquor 
or a crude sewage, and that there is less colloidal matter in a primary bed effluent, 
would, to a lesser extent, account for the difference. 


119. The following table shows the loss of capacity, per million gallons of liquor 
treated, at places which have been under our own observation, where septic tank 
liquor was treated on primary contact beds of medium sized material :— 














Suspended me 
: verage 
matter in haber 
the liquor f Est; f R 1 
treated. | Age of ee Simao 0 Loss of abe.of loss 
, , Z times | total number - . | of capacity 
Place. (Hourly | beds in capacity in pe 
beds of gallons per million 
samples | months. a gallons. 
jee eli were treated. gallons. 
dry filled 
weather.) parsaay 
Guildford - - - 15:9 46 2°0 223°8 millions | 108,794 | 486 gallons 
Exeter (Main Works) 12:5 37 1°62 2,056 millions | 750,750 | 365 gallons 
Andover?= "ie san 1 38 1:2 96 millions 79,600 | 828 gallons 
Exeter (Old Works) - 8-2 109 1:64 | 196-2 millions 39,670 | 202 gallons 
Slaithwaite -  - (i 84 2°0 226°2 millions 33,755 | 149 gallons 











With the exception of Andover, the loss of capacity per million gallons was, approxi- 
mately, in proportion to the amount of suspended matter put npon the beds. The high 
rate of loss of capacity at Andover is accounted for by the fact that the material in the 
beds disintegrated to such an extent as to cause the surface level to sink considerably. 


120. In connection with this matter we may refer to our Accrington * experiment. In 
that experiment two pairs of contact beds were run side by side for rather more than a 
year, one pair receiving two fillings per day of septic tank liquor, and the other pair 
receiving four fillings per day of the same tank liquor diluted with an equal volume of 
water. Both beds, therefore, received equal aggregate amounts of suspended matter. 
The capacity measurements throughout this time were as follows :— 











Primary Secondary Primary Secondary 
bed treating | bed treating | bed treating | bed treating , 

septic tank | septic tank | septic tank | septic tank 
liquor liquor liquor liquor. 
undiluted. undiluted. diluted. diluted. 
Gallons. Gallons, Gallons. Gallons. 
May 3rd, 1905 (before starting) - p70 1,035 1,185 1,070 
October 25th,1905 - —- : 810 1,080 770 940 
Jane 6th, 19062" (2 oe eee 735 1,030 780 950 





During this period, therefore, the two primary beds (of coarse material) lost capacity at, 
approximately, the sameyate, theloss (435 gallons) in the primary bed treating the one volume 
ofjundiluted tank liquor being slightly greater than the loss (405 gallons) in the primary 





* See pp. 110-117 and also Appendix IV. 
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bed treating the two volumes of diluted tank liquor. Even this small difference 
is explained by the fact that rather more than the proper proportion) of suspended 
matter was, on the average, washed out of this bed, as the primary bed treating diluted 
tank liquor was emptied twice as frequently as the other. The average suspended matter 
in the efluent from the primary bed treating the one volume of undiluted tank liquor 
during the period was 6°3, and in the effluent from the primary bed treating the two 
volumes of diluted tank liquor 3°6 parts per 100,000. As the two primary effluents were 
discharged on to the two secondary beds (of fine material), the effect of the suspended 
solids was shown in these also, the difference in rate of loss of capacity being still further 
accentuated there by the fact that the secondary bed treating diluted tank liquor, 
unlike the primary bed, retained rather more than its proper proportion of 
suspende1 matter. The suspended matter in the effluent from the secondary bed treating 
undiluted tank liquor averaged 4°2, and in the effluent from the secondary bed treating 
diluted tank liquor 1°7 parts per 100,000. It is obvious, therefore, that, at any rate, 
the greater part of the disproportionate loss of capacity in the secondary bed treating 
the two volumes of|diluted tank liquor was due to the fact that this bed received rather 
more suspended matter than. the other secondary bed, and also held rather more back. 


In June, 1906, the method of working the beds was altered. One set. of beds then 
received two fillings per day of septic tank liquor undiluted, and the other set two fillings 
per day of septic tank liquor diluted with an equal volume of town’s water. The first 
pair therefore received twice as much organic impurity, including twice as much suspended 
matter, as the second. 


As will be seen from the following capacity measurements, the primary beds receiving 
the undiluted tank liquor soon began to lose capacity. 





(a 











ae pegs Primary Secondary 
fo Maou Pel si uss bed treating bed treating 
fio | ts rn | ie bu asa septic tank septic tank 
ae - ae taeda | liquor diluted. | liquor diluted. 
| Gallons. Gallons. Gallons. Gallons. 
nto ee ee 735 ea30" iad 180 950 
February 18th, 1907 - —- 640 970 750 890 














. During this second period of working, the primary bed receiving one volume of un- 
diluted tank liquor lost 95 gallons of capacity, while the primary bed receiving one volume 
of diluted tank liquor lost only 30 gallons. The average quantities of suspended matter 





entering and leaving the two primary beds for the period were as follows :— at re 
Primary bed Primary bed 
receiving one receiving one 
ae volume of volume of 
septic tank liquor septic tank 
undiluted. liquor diluted 








Parts per 100,000. | Parts per 100,000. 
Average quantity of suspended matter going on to bed - 14:1 7:3 


_ Average quantity of suspended matter coming out of bed ai 3:7 








It might have been expected that the loss of capacity in the secondary bed treating the 
diluted tank liquor would have been only half the loss of capacity in the secondary bed 
treating the undiluted tank liquor. It will be seen, however, that the loss of capacity 
in the secondary beds was the same in each case. The suspended solids in the effluent 
from the secondary bed treating the undiluted tank liquor averaged 5°0 parts per.100,000, 
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Campbell, 21665. 
Harrison, 22016. 

Valentine, 22462. 
Wike, 23571. 
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but the suspended solids in the effluent from the secondary bed treating the diluted tank 
liquor, so far as we could judge from the centrifuge figures (which, however, can only be. 
taken as approximate), were about one-third of this, the actual figures being as follows :— 





Secondary bed | Secondary bed 


receiving one receiving one 
—— volume of volume of 
septic tank liquor | se; tic tank liquor 
undiluted. diluted. 








Parts per 100,000. | Parts per 100,000. 
Average quantity of suspended matter going on to bed - 127, wie fe 





Average quantity of suspended matter coming out of bed 5:0 1-7 approx. 





In both periods of working (May 3rd, 1905, to June 6th, 1906, and June 6th, 1906, 
to February 18th, 1907), the loss of capacity in every one of the four beds (primary and 
secondary) ran concurrently with the amount of suspended matter held back by the bed. 





121. A contact bed loses capacity rapidly at first, and subsequently at a diminished 
rate. Evidence in regard to this was given by Mr. Campbell, of Huddersfield, Mr. 
Harrison, of Leeds, Mr. Valentine, of Oldham, and Mr. Wike, of Sheffield, and others. 


At Huddersfield the period of rapid loss in the case of the primary bed was within the 
first five months, and in the case of the secondary bed within the first twelve months. 
At Leeds it seems to have been within the first nine or twelve months; at Oldham within 
the first twelve months; at Sheffield, for the primary contact bed, within the first six 
months, and for the secondary bed, within the first twelve months. 


We may also refer to the experimental Roscoe beds at Manchester which, after 
losing capacity for some time, eventually reached an equilibrium, and from then onwards 
maintained a constant water capacity so long as the suspended matter accumulating on 
the surface was periodically removed. These beds were filled with chemically precipitated 
sewage, which usually contains less colloidal matter than settled sewage or septic tank 
liquor. 


It does not appear that any rule can be deduced as to the length of the period 
during which capacity is lost rapidly. It would, no doubt, partly depend both upon the 


rate of filtration and upon the amount of suspended matter reaching the bed. 


How To DIMINISH THE RATE oF Loss oF CAPACITY. 


122. The capacity of a contact bed is best maintained by :— 


Preventing as far as possible the access of suspended or colloidal matter to the 
bed ; 


Using materials which are not liable to disintegrate ; 


Using for the body of the filter material of even size, and in the form of cubes 
or spheres rather than flakes. 


Allowing thorough and efficient drainage ; 
Not over-working the bed ; 
Giving periodical rests ; 3 
Filling and emptying the bed in such a way as not to disturb the material. 
‘The access of suspended matter to a contact bed is, in most cases, the chief cause 


of loss of capacity, and no doubt the rate of loss can be greatly lessened by carefully 
eliminating the suspended solids from the sewage before filtration. 
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Some small experimental filters at Kingston, fed with precipitation liquor, which 
had been produced by the “A.B.C.” process, maintained their capacity in a remarkable 
manner. By this process a tank liquor is obtained containing a very small amount of 
suspended solids. 


Even the best known means for removing the suspended matter by preliminary 
treatment does not get rid of it entirely, and it is generally advisable to provide a layer 
of fine material in the upper few inches of the bed, so as to prevent, as far as possible, 
the suspended matter from gaining access to the body of the bed. 


Experience may show that it is economical to adopt some intermediate method of 
removing suspended matter from tank liquors. At Birmingham, Dortmund tanks are 
used for this purpose, and at Leeds, Chester, Ilford, and Guildford, mechanical straining 
has been tried. The latter method, however—as carried out at those plaezz—has not 
been satisfactory. | 


The question whether it is more economical frequently to wash or renew the material 
in contact beds, or to remove the greater portion of the suspended matters from the 
liquor before it is treated, and to wash the beds less frequently, depends primarily on 
local circumstances. 


Of the preliminary processes for removing suspended matter from sewage, chemical 
precipitation followed by either quiescent or continuous flow settlement is undoubtedly 
the most efficient of those at present known; but it involves a larger annual cost in 
most cases than settlement by means of settling or septic tanks, and there is a larger 
quantity of sludge to be dealt with. 


WaSHING OF FILTERING MATERIAL. 


123. The evidence shows that in many cases it is practicable and economical to wash 
filtering material which has become clogged. The cost varies according to local cir- 
cumstances, and the following instances may be cited. 


At Burnley, the material of several clogged beds was washed by means of an inclined Pickles and 
rotary screen, 10 feet by 4 feet, fixed at a suitable elevation and so constructed as to be SO spree att 
easily capable of removal from bed to bed as ‘required. The arrangement admitted of 
washing, grading, and screening the material (clinker): the washing was effected by the 
tank effluent : and the power was supplied by a portable engine. 


The cost of these operations was at the rate of ls. per cube yard of material, which 
covered excavating, packing troughs, wheeling, and screening and washing not only the 
material excavated but also the additional material required to take the place of the old 
material rejected (about 10 per cent.) and filling it into the bed. 


At Leeds, Mr. Harrison, the chemist to the Corporation, washed 1,020 cubic yards Harrison, 
of material, by hand labour with screens and a heavy flow of water, at a cost of 2s. 5d, 22017. 
per cube yard. 


At Manchester, the washing of filtering material has been done on a very large scale, 
and is carried on continuously. The method employed is to pass the material from a 
sump to a jigging screen of 4-inch mesh, over which are fixed a series of horizontal water 
sprayers. The material rej jected by this screen is further graded by passing over a fixed 
2-inch mesh screen. The material which passes shrones the Z-inch screen falls on to an 
inclined fixed screen of }-inch mesh. All material above 4-inch is replaced in the primary 
filters; that between Linch and 4-inch will be used for the surface of the secondary con- 
tact beds, when these are constructed. Settled sewage is the liquid used in the washing. 


The total cost of removing, washing, screening and replacing in beds and making 
up to original level with new material at Manchester, is ls. 6d. per cube yard. This does 
not include cost of washing machinery. 
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At Birmingham, 20,000 cubic yards of material were dealt with in the following 
manner: the material was dug out of the beds by manual labour and conveyed in tip 
wagons to a high platform by an electrically-driven winch ; it was then passed barter 
revolving screens and simultaneously washed with sewage. 


The cost of removing, washing, screening and replacing material in the beds was 
at the rate of 11d. per cube yard. With the additional material required to make up 
to original level of bed, the total cost was 2s. 24d. per cube yard. This does not in- 
clude the cost of the washing plant. 


At the Beddington and South Norwood sewage works of the Corporation of Croydon, 
filtering material has been washed on a large scale. The work was done by hand labour, 
and the cost of washing and replacing the material in the beds was approximately 1s. 24d. 
per cube yard at Beddington, and 1s. 6d. per cube yard at South Norwood. 


At Andover, the cost of washing and replacing material by hand labour, with a special 
apparatus devised by Mr. R. W. Knapp, the surveyor, was about 2s. 4d. per cube yard. 
This covered the initial cost of the washing apparatus. 


At Hampton, washing is effected by means of a machine driven by compressed air. 
The cost of removing old material, screening, washing and replacing in bed, and providing 
new material to make up deficiency (25 per cent.), is 1s. 93d. per cube yard. 


Campbell, At Huddersfield, the borough engineer found that the cost of washing material was 
21852. not less than 4s. 6d. per cube yard. No information was given as to the method employed, 


124, The cost of washing, etc., at the several places mentioned (except Huddersfield) 
is summarised in the following tables :— 
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It should be added that washed material has an enhanced value for filtration purposes, 
due in great measure to the fact that the softer and more friable portions of the original 
material, which have become broken down, are eliminated in process of washing. 


125. We may mention here that other plans for restoring contact beds which have 
become clogged have come under our observation at Hartley Wintney, Hendon, and 
Oswestry. 


At Hartley Wintney the contact bed material (gas works clinker) was simply turned 
over. The amount dealt with was 679 cube yards; one man was employed; and the 
cost amounted to only 54d. per cube yard. 


The beds had been in use about four and a half years when the material was turned. 


over. 
The increase in capacity due to this process was, however, quickly lost again. 


At Hendon, the ballast on the percolating beds was reburned. The cost amounted 
to 3s. 6d. per cube yard ; but this covered the sifting out of the small material, wheeling 
out the fine stuff and spreading it, and relaying drains, etc. The beds had been in use 
for sixteen years. 


At Oswestry, the old material of the beds was so disintegrated as to render washing 
impracticable, and there was sufficient new material (screened cinders) lying on the site. 
The old material (cinders) was therefore discarded and the beds filled with new material. 
The quantity dealt with was 1,550 cube yards, and cost of removing and renewal amounted 
to 2s. 74d. per cube yard. The beds had been in use for about four years. 


FILTERING MATERIAL IN Contact BEDs. 


126.. The materials in general use for contact beds are clinker and coke, and 
experience of other materials is not very great. 

With percolating filters, however, many different materials have been used, and 
although the actual working of percolating filters is different from that of contact beds, the 
results are, to.a large extent, applicable. At York, a quantitative experiment with septic 
tank liquor was made by us on a circular percolating filter 7 feet 8 inches deep and con- 
structed in four segments—one of clinker, one of coke, one of slag, and one of broken 
brick—the material in each case being broken and riddled as nearly as possible to the 
same size; the bulk of the clinker was, however, distinctly smaller than the other three 
materials. The results showed that the best effluent was obtained from the clinker seg- 
ment, that the coke and slag segments gave very similar effluents, but not quite so good 
as the effluent from the clinker segment, and that the effluent from the broken brick seg- 
ment was lowest in the scale of purity. All four effluents were of good quality. 


At Hendon the late Colonel Ducat obtained a better effluent from clinker in a per- 
colating filter 8 feet deep than from pebbles in the same bed. At Birmingham Mr. J. 
D. Watson found that for percolating filters gravel has too smooth a surface. Dr. George 
Reid also stated in evidence that “any hard, non-friable material of irregular shape and 
not too smooth a surface, and one which is not liable to disintegrate is salt oeaay as a 
filtering medium for percolating filters.”’ 


The experience at Manchester, with regard to contact beds, has been that hard furnace 
clinker is the best material, being vesicular and yet permanent. Dr. Fowler, however, 
expressed the opinion that broken Staffordshire bricks, saggars and gravel, if properly 
sized, should do equally well. 

' It will be seen from the evidence that many witnesses have stated that substances 
like gravel, flints, or broken granite, are suitable as a filtering medium, but that, in most 
cases, they have expressed a decided preference for the use of those materials which present 
the roughest and most irregular surfaces, such as clinker, coke, and saggars. 

So far as our own experience goes, we should prefer, as a OE rule, to use coke 
or good clinker in a contact bed in preference to other materials.* It is true that thereis 
some evidence to the effect that rather better effluents can be obtained from contact beds. 
of coke than from contact beds of clinker, but we think that this advantage is balanced 
by the tendency of the,lighter material, coke, to shift slightly every time the bed is filled, 
and therefore to be more liable to disintegration. 


* Broken “saggars” might be equally good, but we have had no experience of this material in 
contact beds. ; 
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In the choice of a filtering medium local circumstances must, of course, be taken into 
account. For example, there may be places at which a somewhat inferior material may 
be obtained at a very low price, and where it would be cheaper to renew the beds more 
frequently, or to provide a larger area of beds, than to pay the higher price for better 
material. 


Probably most materials will purify sewage, but a larger quantity of smooth than 
of vesicular material would be required to produce equal purification. 


127. Mr. W. J. Dibdin has lately advocated the use of large slabs of slate in primary 
contact beds, the horizontal layers of slate being separated from one another by cross pieces. 
He claims that crude sewage can be purified to a considerable extent in such beds, and 
that the sludge which accumulates in them can be periodically flushed out with water. 
Up to the present time we have had no experience of primary contact beds constructed 
in this way, beyond a single visit to Devizes where such beds were in use for the treatment 
of screened sewage. As a result of our inspection of the beds at Devizes, we came to the 
tentative conclusion that primary beds containing large slabs of slate must be regarded 
more as preliminary settling or septic tanks than as contact beds. As to the feasibility 
of washing such beds out, or as to the amount of digestion of sludge which takes place 
in them, we are unable to express an opinion. 


Size of Material. 


128. The smaller the size of material used in a contact bed the greater is the 
internal surface area exposed, and consequently the more intimate is the contact of the 
liquid with the material, the greater the purification, and the more efficient the arrest of 
the suspended and colloidal matter.* 


The efficiency of a contact bed, however, depends very largely upon the admission of 
* air to all parts of the filter during the time the bed is resting empty. Thorough and 
tapid drainage is therefore of the utmost importance. 


For this reason, it is important that the material in a contact bed should not be foo 
small, especially if the liquid to be treated contains an appreciable quantity of suspended 
matter, as some of this suspended matter will undoubtedly find its way into the inter- 
stitial spaces and prevent proper drainage of the bed. This was found to be the case 
with the fine beds at Devizes and Hampton. 


At Devizes the contact beds were composed of very fine clinker broken to a diameter 
from }-inch downwards and including dust. Shortly after the beds were brought into 
operation, working at a rate of three fillings per day, it was found, on digging down into 
them, that the liquid of one filling had not drained away from the beds when the time 
for the next filling arrived. On examination it appeared that, although there was not 
actually a large quantity of sewage solids admixed with the filtering material, enough 
was present to bind the whole together, so that the bed drained away very slowly. 


At Hampton the tertiary contact beds were composed of furnace clinker of }-inch 
or less, including dust, and after five years’ work the material had settled into an 
almost solid mass, and the beds could only be filled with difficulty. The material, when 
‘turned out, presented a very similar appearance to that at Devizes, being closely bound 
together, although mixed with only a small proportion of sewage suspended matter. 


129. If the liquid to be treated contained no suspended or colloidal matter, material 
as fine as medium sand would probably give the best results ; butif crude sewage were to 
be put upon this sand, the surface would become so clogged with sewage sludge in two 
or three fillings that the bed would be practically useless. The top layer wouid then 
have to be removed, or the bed would have to be rested until the sludge upon the surface 
had dried sufficiently to be raked off. Even if the top sand were constantly removed 
and replaced, it would be found, as at Hampton and Devizes, that some particles of 
suspended matter would penetrate into the interior of the bed, and that eventually the 
drainage of the bed would become defective. 








* Nore.—See Biltz and Kréhnke, Berichte, vol. xxxvii., p. 1745; Fowler and Ardern, J. Soc. Chem. 
Ind., vol. xxiv., p. 483 (1905); Jones and Travis, Proc. Inst. C.E., vol. clxiv., paper 3599, p. 32 (Jan. 1906) ; 
O'Shaughnessy and Kinnersley, J. Soc. Chem. Ind., vol. xxv. (April, 1906); Johnston, J. Roy. San. Inst., 
vol. xxvii., p. 10.(1906). : 
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In deciding upon the size of the material to be used, the amount of suspended matter 
in the liquid to be treated, must be considered. Asa general rule, the greater the amount 
of suspended matter in the liquid the larger the material should be. 


With a crude sewage containing 40 parts per 100,000 of suspended matter, the materia} 
will probably have to be from 3 inches upwards in diameter, and even then sludge will 
accumulate on the top. 


With a septic tank liquor containing 8 to 10 parts per 100,000 of suspended matter, 
material of a diameter from 2 to 2 of an inch may probably be used effectively ; while 
with a good precipitation liquor containing from 1 to 3 parts of suspended matter, the 
best results will probably be obtained from material as fine as 4-inch diameter. | 


130. It is, however, impossible to make any but the most general statement as to the 
most suitable size of material for contact beds, as, in some cases, there may be ~ special 
circumstances which affect the question, such as the character of the suspended matters, 
or the smoothness of the filtering material. The sizes we have suggested are based on the 
evidence which we have received and also on our experience of contact beds at the places 
named in the following statement :— 























Suspended matter in gs h fk Nodala 
the liquor treated Nature of material. ae Ker nada a 
(approximate figures). ear ee 
Crude Sewage. Parts per 100,000. 
Hampton - - - - - 48:5 Clinker. Above 4” diameter. 
Leeds - - <pat : 35°0 (linker and coke. | Above 3” diameter. 
Newton-le-Willows - - - 30°0 Clinker. Top 18’—3” to }” 
erent diameter. ‘ 
Body of filter, 2” to 
1}”’diameter. 
Withnell .- ¢,- p33: - - 20:0, Clinker. . .- 1” to 13” diameter. 
Maidstone - - . - 14:0 | Clinker. Above 3” diameter. 
Settled Sewage. 
Oswestry - 7g32 7 < 4 About 20. House coke. | 12*\to 2” diameter. 
Halton = = - ; a 11:0 | Clinker and pebbles. 1" to.0Z diameter. 
Septic Tank Liquor. = 
Leeds ef at” : * 18:0 Clinker. 2” to 2” diameter. 
Guildford - . - - 4 16:0 Burnt ballast. 1” to 3” diameter. 
Hartley Wintney - - - | 15-0 Clinker, 4” to d” diameter. 
Exeter (Main))» s..2%8 ,932a = About 14. Clinker. 1” to 1” diameter. 
Andover - : ; - . 12:0 Clinker. 2” to 2” diameter. 
Exeter (St. Leonards). : 8:5 Clinker and coke. 1” diameter. 
Slaithwaite - - - 8:0. Clinker. Top foot—z” to }” 
diameter. 
Body of filter, 2” to 
Precipitation Liquor. 1” diameter. 
Calverley. - : - - . 12 to 14. Clinker. +” to 2” diameter. 
Pf f 
Kingston (experimental beds) — - 2:0 Clinker and coke. | Coke bed, }’ tol” — 
diameter. 
Clinker bed, }” to 
‘ ;” diameter. 
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Grading of Material. 


131. From our own observations, and from the evidence, we are of opinion that, as 
regards the bulk of the material in the bed, grading is not necessary, and that much lahour 
and expense have sometimes been incurred, to very little purpose, in too great a refinement 
of grading. A certain amount of grading is, however, always necessary. Over the drains 
of the beds, for instance, material of fairly large size must be laid in order to prevent chok- 
ing. Again, in order to preserve the life of a contact bed, it is advisable to retain as much 
as possible of the suspended matter upon the surface of the material, and this seems to 
be best effected by using fine material for the top 6 inches or so. 


We may refer particularly to the evidence on this question which was given by 
Mr. D. Cameron (2091); Mr. Baldwin Latham (4505); Colonel Harding (7165-6) ; 
Dr. P. F. Frankland (9985-6); Mr. Bolton (21145) ; Mr. J. Kershaw (21464) ; Mr. Campbell 
(21655) ; Mr. Harrison (22008) ; Dr. Fowler (22795) ; Mr. Wike (23652); Mr. Wilkinson 
(24286) ; Messrs. Willcox and Raikes (26183). 


AMOUNT OF SEWAGE WHICH CAN BE T'REATED ON Contact BEDS. 


132. The amount of sewage which can be treated on contact beds chiefly depends 
on the strength of the sewage, on the quality of effluent which it is required to produce, 
on the amount of suspended solids in the sewage, and on the size of the filtering 
material. The question is dealt with in the section headed ‘ General Conclusions as to 
the Working Power of Different Types of Filter,” p. 117. 
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PERCOLATING FILTERS. 





DEPTH OF PERCOLATING FILTERS. 


133. The question of the depth of percolating filters is one of far greater complexity 
than at first sight appears. At most places the depth has usually been determined 
by the levels. If plenty of fall has been available, deep filters have been constructed, 
while at places with little fall, the material has usually been laid out in the form of a 
shallow filter. In other words percolating filters have usually been constructed 
as deep as levels would allow. In some cases the advantage of deep filters over 
shallow filters has even been considered sufficient to justify the adoption of pumping. 


It has thus been generally accepted that, in the case of percolating filters, the deeper 
the material the better the result obtained. That there were good grounds for this 
conclusion will be seen from the following evidence. 


At Accrington, in 1897, Mr. C. J. Whittaker, experimenting upon the depth of 
filtering material necessary for the purification of open septic tank liquor by means of 
the Whittaker and Bryant percolating filters, compared the results obtained from 
filters 6 feet and 9 feet deep, both constructed of the same coarse material and both 
receiving the same quantity of tank liquor per square yard. Mr. Whittaker found that 
the 9 foot bed gave better purification and higher nitrification than the 6 foot-bed. 


At Leeds, in the year 1900, Colonel T. W. Harding and Mr. W. H. Harrison, in 
their experiments upon the continuous filtration of crude sewage, touched upon the 
same point. In one of these experiments, which lasted for six months, Leeds crude 
sewage was allowed to trickle continuously through three filters one after another, one 
object of the experiments being to ascertain the purifying effect of each separate filter. 
The filters were 3° 6”, 2’ 6” and 2’ 6” deep respectively, so that the total depth of the 
material, which consisted of coarse coke, was 8’ 6”. The average analyses of the 
effluents from each filter, from March to June, 1900, were as follows :— 


Grains per gallon. 














ek: Crude Screened First Filter Second Filter Third Filter 
Sewage. 3’ 6” deep. 2’ 6” deep. 2’ 6” deep. 
| 
Free Ammonia - - - 2°36 | 1:58 115 0°83 
Albuminoid Ammonia ~~ | 1-04 0°59 | 048 0-29 
Oxygen absorbed from perman- 8:90 4°37 2°78 1:93 
_ ganate in 4 hours. 

Nitrogen as nitrates — - - — | > — 0-14 
Total solids - - - . 123-2 87°6 74:0 red 
Suspended solids - - - 44-2 | 19-2 | 2 hes 




















Another experiment was made by Mr. Carter Bell, at Salford, during the years 
1900 and 1901, on the depth of medium-sized material necessary for the purification of 
Salford precipitation liquor. In this experiment three percolating filters 8 feet, 5 feet, 
and 3 feet deep, all constructed of medium-sized clinker, received precipitation liquor 
at the same rate per square yard. 'Typical analyses of the effluent are given by Mr. 
Carter Bell as follows :— 

Grains per gallon. 

















Shallow filter Medium filter | Deep filter 8 feet 
3 feet deep. 5 feet deep. deep. 
Free Ammonia - 5 = 4 E oi 2°6 2:4 2-2 
Albuminoid Ammonia - - - 5 - 0:20 0°18 0-14 
Oxygen absorbed from permanganate in 4 hours - | 1:1 0°8 0:5 
Nitrogen as nitrates - - f- - - = 0-84 1:10 1:30 
Total solids - : - - - : - | 65:0 66 0 65:0 
Koch’s gelatine and incubation test — - : - |Fairly satisfactory.) Satisfactory. | Very satisfactory. 


71 


At Horfield, Mr. F. W. Stoddart, experimenting with two filters of coarse clinker, 
one 7’ 6” deep and the other 3’ deep, came to the conclusion that with an equal flow 
per square yard the deep filter gave the better results. | 


134, There were no doubt many other experiments of the same kind, showing that, 
when treating the same amount of sewage per square yard, the deeper the filter the 
greater is the purification effected. These experiments, however, do not show whether 
it is better to arrange a given quantity of material in the form of a deep or of a shallow 
percolating filter, and so far as we are aware no systematic experiments on the treat- 
ment of sewage or sewage liquor upon filters of different depths at equal rates per 
cube yard, instead of per square yard, were carried out until our observations were 
begun at Horfield and Ilford. 


Florjield Experiments. 


135. At Horfield, experiments were made in the years 1904-5, upon two filters 
of coarse clinker, one 7’ 5” deep and the other 3’ deep, upon each of which quantities 
of Horfield precipitation liquor were treated at approximately the same rate per 
cube yard per day for ten months. Both filters were fed by means of Stoddart trays. 
The deep filter had a cubic content of 284 cube yards and the shallow filter of 27°56 
cube yards. 


The results showed that there was little to choose between the two effluents, 
though on the whole the effluent from the deep filter was slightly the better. At the 
same time, though the experiments showed that a coarse shallow filter (3 feet in depth) 
can quite well be made to give satisfactory results in the treatment of a precipitation 
liquor like that at Horfield, they also indicated that with coarse material, where the 
levels allow of it, a deep filter is on the whole preferable to a shallow one, especially 
where a strong liquor is being dealt with, since faults of distribution are toned down more. 


Ilford Experiments. 


136. At Ilford, a similar experiment with two very small percolating filters fed by 
means of Stoddart trays was made in 1903-4. The filters had the following dimensions : 


Deep filter 12 feet by 9 feet and 6 feet deep. 
Shallow filter 12 feet by 9 feet and 3 feet deep. 


The material used was coke, from 1%” to 3” in diameter. Both filters were fed 
with septic tank liquor at the rate of 125 gallons per cube yard per day. The effluents 
obtained from both filters were usually non-putrescible, though not of high quality, 
the deep filter effluent being rather the better of the two. 


In order to improve the distribution, the filters were to some extent remodelled in 
the early part of 1907; that is to say, the distributors were levelled and the upper 
layers of coarse coke were replaced by finer coke (2” to 3” diameter) to the depth of six 
inches on the deep filter and 3 inches on the shallow filter. Immediately below these 
fine layers, there were four inches in the deep filter, and two inches in the shallow filter, 


of medium sized coke. 


From April 15th to June 28th, 1907, the filters were brought to maturity with 
gradually increasing quantities of septic tank liquor. During the time of the actual 
experiment, which lasted from June Ist, 1907 to January 20th, 1908, the quantities of 


septic tank liquor treated were as follows :— 


On the deep filter (12’ x 9’ x 6’)—3,000 gallons, or 125 gallons per cube yard 
per 24 hours. 


On the shallow filter (12’x 9° x 3').—1,500 gallons, or 125 gallons per cube 
yard per 24 hours. 


6225—I. K 2 


72 


Between these dates, ten corresponding samples of septic tank liquor and of both 
filter effluents were drawn. The average figures for the analysis of the septic tank 


liquor were as follows :— 
Septic Tank Liquor. 
Parts per 100,000. 





Maximum and Number of . 
Average figures. 











nary minimum figures. estimations. 
Total nitrogen’ - : - - - - . 4:95 — 8:40 6°75 10 
Oxygen absorbed from permanganate at once - 1:17 - 4°39 3°34 10 
Oxygen absorbed from permanganate in four hours 554 — 8°64 7°43 10 
Suspended solids - - - 7 - - 5:3 — 9°2 6:9 10 
Volatile matter in suspended solids - - . 4:2 -— 6:9 54 10 





The calculated strength* of this liquor is 78°7, or after allowing for the abnormal 
ratio of the figure for oxygen absorbed at once to the figure for oxygen absorbed in 
four hours, 67°6. 


The following table shows the average figures of the analysis of both effluents, with 
and without suspended matter :— 


Hi ffluents. 


Parts per 100,000. 























Analysis of sample containing Analysis of sample after 
ee suspended solids. filtration through paper. 
Deep filter Shallow filter Deep filter Shallow filter 
re effluent. effluent. effluent. effluent. 
Number of samples included in the 
average 10 10 7 7 
Ammoniacal Nitrogen - - - - 2°92 3°55 2°93 3°54 
Albuminoid Nitrogen - : - - 0°47 0°47 0:25 0:28 
Total Organic Nitrogen - : - 0:79 0:84 3g — 
Nitrous Nitrogen - - - - : 0-13 0-15 013 } 0°15 
Nitric Nitrogen - - - - - 1-94 1°35 1:94 1°35 
Total Nitrogen - : : : 5°76 5°64 ze — 
Oxygen absorbed at once - - - | 0°86 0-86 0-49 0°58 
Oxygen absorbed in 4 hours-  -_——- 312 3°09 eg 2°11 
Incubator test (Scudder) - - - | All passed. [8 passed, 2 failed ere — 
Incubator test (by smell) — - - - | All passed. 9 passed, 1 failed 
Dissolved Oxygen taken up in 48 hours 2°05 1-74 0°65 0-79 
Dissolved Oxygen taken up in 5 days - 6°62 6:49 1:49 1:90 
Solids in suspension — - - - - 6:40 5:10 — —- 
Volatile matter in solids - : - 4°60 3°80 oe — 
Solids by Centrifuge (Vols.) - - - 73:0 60:2 — — 








Apart from suspended solids, both effluents were of moderate quality, that from 
the deep filter being slightly better than that from the shallow filter as regards 
ammoniacal nitrogen and nitric nitrogen, the figures otherwise being very much alike. 








A Ui ; 
* Strength means the number of parts by weight of oxygen required to oxidise 100,000 parts, arrived 
at on the basis of the formule suggested by Dr. McGowan—sce p. 16 of this Report, and Dr. McGowan’s 
Memorandum in Appendix IV. 
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The following table showing the percentage purification obtained on the tank liquor, 
calculated in various ways, brings out the similarity :— 



































a Deep filter. Shallow filter. 
Calculated percentage purification on atmospheric onern Wey uP 
(strength of septic tank liquor taken at 78:7). - 74:6 71:8 
*Units of purification on this basis (including suspended solids) : 7,339 7,063 
Calculated percentage purification on atmospheric oxygen used uo 
(strength of septic tank liquor taken at 67:6) - - - 70°4 67:2 
*Units of purification on this basis (including suspended solids) . 5,949 5,678 
Calculated percentage purification, leaving out suspended solids 
(strength of septic tank liquor 78:7) - - - : - - 86°3 81-4 
Calculated percentage purification, leaving out suspended solids 
(strength of septic tank liquor 67°6) — - - - - - - 84:0 78°4 








A little more work, ¢.¢., oxidation, was thus obtained from the deep filter per cube 
yard than from the shallow filter, but the difference was only slight, such as might be 
accounted for by the fact that imperfect distribution is more liable to affect the 
purification in a shallow filter than in a deep filter. 


137. For practical purposes we think the conclusion is justified that, within somewhat 
wide limits of depth, and given ample aeration and good distribution, the same amount of 
work can be got out of a cube yard of coarse material whether rt 1s arranged in the form of a 
deep or of a shallow percolating filter. 


Rate of flow through Ilford filters. 


138. With a view to ascertaining the relative rates of flow through the two filters 
the following experiment was made. 


On January 9th, 1908, a strong solution of common salt was added to the septic 
tank liquor as it passed on to the two filters, samples of the effluent being taken at 
short intervals until almost all the salt had worked through the filters, a period in this 
case of about 19 hours. 


The quantity of chlorine was then estimated in each sample. 


It cannot be taken for granted that the passage of a solution of common salt 
through a filter is exactly similar to the passage of sewage impurity which is partly in 
true solution, partly colloidal, and partly in suspension. As sewage impurity passes. 
through a filter it undergoes change, whereas the passage of a solution of common salt 
may be regarded for practical purposes as merely physical ; further, one may reasonably 
assume that sewage impurities are held up in the filter for a longer period of time. 


The figures for the two filters were nearly alike throughout the experiment, but 
during the first hour a rather greater proportion of salt came through the deep filter, 
although, at the very beginning, the salt issued more quickly from the shallow filter. 
The figures are plotted out on Diagram I. 


These experiments suggest that, given good distribution and ample aeration 
the extent of the purification effected by a percolating filter depends upon the 
length of time during which the liquor is in contact with the material, or, perhaps 
more correctly, upon the proportion of highly purified sewage in the effluent 
(z.e., sewage which has taken hours to pass through the filter) to the proportion of 
sewage which has passed through more rapidly by following a much less circuitous 
route. 

The three important factors which govern the rate of percolation are :— 

(1) The kind of material, ¢.e., whether the surface is rough or smooth ; 

(2) The size of the material ; and 

(3) The state of the filter as regards the bacteria and growths attached to 
the material, and also as regards worms, larvee, ete. 








* As to the meaning of the term “ units of purification” see p. 107 of this Report. 
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Influence of the Nature of the Filtering Material. 


139. We may refer to three experiments relating to the purification effected on 
the same sewage liquor by different filtering materials, all graded to be as nearly as 


possible of the same size. 


In 1903, a circular filter, consisting of four kinds of material arranged in 
segments entirely cut off from each other by partition walls, was constructed by 


Mr. A. Creer at the York Sewage Works. 


started on April 29th, 1903, were as follows :— 


~< - 


Diameter - - 
Depth of material — - - 


Materials. 


First Segment - - = : ‘ 


Clinker - - - 
Second Segment —- - 
Broken brick - - 
Third Segment. = - - 
Blast furnace slag - 
Fourth Segment = - - 
Gas coke- 


100 feet. 


7 feet 8 inches. 


1,492 cube yards. 
14 ins. to 34 ins. diameter. 
312 cube yards. 
14 ins. to 34 ins. diameter. 
189 cube yards. - 
14 ins. to 34 ins. diameter. 
189 cube yards. 
14 ins. to 34 ins. diameter. 


The particulars of this filter, which was 


The filter was fed with septic tank liquor by a continuously revolving sprinkler, 
working automatically, and the rate of filtration on all four sections was approximately 
360 gallons per square yard, or 140 gallons per cube yard, per day. 

In June, 1904, we drew hourly samples of the effluent from each of the four Seg- 
ments over three complete days, the twenty-four samples from each segment being 


in each instance made up into a single sample for each complete day. 


As the three 


twenty-four hours’ samples from each segment were very near to one another in chemical 
composition, only the average figures for each complete set of three days need be given 











All these effluents were very good. 
Cz 


(1) Clinker. 

(2) Coke. 

(3) Slag. , 

(4) Broken brick. 





) 








here :— | 
Parts per 100,000. Clinker. Coke. Slag. jee 
rick. 
Ammoniacal Nitrogen - - - - : - 0-01 0-06 0-05 0:21 
Albuminoid Nitrogen - - - . - 0:10 0:10 0-12 0-15 
Oxidized Nitrogen - - : : - 2°90 2°47 2°32 2°48 
approx. approx. 
. Total Nitrogen - 3°18 2°95 2°72 2°88 
“Oxygen absorbed” at 27°C. (80°F.)- —aé once. 0°38 0-49 0°63 0°63 
s 9 + - mn 4 hours. 1°46 1:27 1.48 2°23 
Dissolved Oxygen taken up in 24 hours at about 
cee = . - : - : - 0-09 vig 0.24 0°37 
Dissolved Oxygen, in c.c. per litre - ; ; 0:65 1:32 1-72 2°57 
Solids in suspension - - : . - - 2.15 1:22 1:73 2°00 
Solids by Centrifuge (Vols.) - - - - 33°5 24°4 20°5 30°0 
Ratio of Solids in suspension to Centrifuge solids- | 1: 15°6 1: 20-4 1:17°3 1: 15-0 
Incubator Test (Scudder) - : - - - | All passed. | All passed. | All passed. | All passed. 
y », (by smell) - - - += - | All passed. | All passed. | ‘All passed. | All passed. 
Smell when analyséd - : : . : - | All good. All good. All good. All good. 


It will be seen, however, that if we differentiate 
between them, the following is the order of merit for the different materials :— 


Between Nos, 2 and 3, the coke and the slag filter effluents, there is really no 


difference. 
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The foregoing experiment was made between June 27th and 30th, 1904, and 
we thought it well to test shortly afterwards—on July 19th—the comparative rates at 
which liquid coloured by fluorescine came through the different segments. The filtrates 


showed :— 








Ep ee eae (4) (2) 
Weak colour. | Strong colour. 
Minutes. Minutes, 
1. Clinker - - : - 6 | ae ie 
2. Coke - 5 | 8 
3. Slag* - - : - - - : - - - } . 8 2 
4. Broken brick - - - - : - -| 2 24 





The order of the rate of percolation, as measured in this way, was thus the same 
as that of the purity of the effluent. Although the different filtering materials were all 
broken to be of the same size, the clinker was in reality somewhat smaller than the 
other three. 


These experiments tend to confirm the view that the extent of the purification 
effected by a percolating filter depends upon the length of time taken by the sewage to 
pass through the filtering material, assuming always that the filter is properly aerated. 
Having regard to the vesicular nature of the clinker we should expect it to retard the 
passage of the sewage more than the broken brick, and hence to give a better effluent. 
The analytical results show that this was the case. 


In his experiments at Hendon upon the filtration of crude sewage through 
medium-sized material, the late Colonel Ducat compared the results obtained from filters 
constructed of small pebbles and of clinker, both material being of the same size. 
The length of time taken by the sewage in passing through the clinker was, no doubt, 
greater than that taken by its passage through the pebbles, and the analytical results 
showed that better purification was obtained from the filter which was made of 
clinker. | 


In a laboratory experiment which was made by us at Leeds in the year 1900, 
we found that, using large smooth water-washed stones as the material in a filter five feet 
deep and one foot in diameter, and treating Leeds septic tank liquor at an approximate 
rate of about 70 gallons per cube yard per day, only traces of oxidised nitrogen 
appeared in the effluent after three or four months’ working. Nitric nitrogen appeared 
in the effluents from the Whittaker filters at Leeds ina much shorter time than this. 
These latter filters were constructed of coarse coke or clinker and were fed with septic 
tank liquor at about the same rate, 7.e., 70 gallons per cube yard per day. 


140. The results of these experiments may be summarised as follows :— 
(1) Better results can be obtained per unit volume from a material with 
a rough surface than from a material with a smooth surface ; and 
(2) The extent af the purification effected by a percolating filter varies 
with the average length of time taken by the sewage to pass through the 
filtering material, assuming that proper aeration of the filter is maintained. 


Influence of the Size of the Material. 


141. Although the experiments which we carried out at Ilford and Horfield showed 
that, with filters of coarse material, and given good distribution and ample aeration, a 
cube yard of filtering material will produce very similar results whether it is arranged 
infthe form of a deep or of a shallow filter, it does not follow that this conclusion would 
apply to filters of medium-sized and fine material. 


There are in reality three distinct classes of percolating filter in use for the purifi- 


cation of sewage or sewage liquors, viz. :— 
(1) Percolating filters constructed of material coarse enough (say, over 24” 


in diameter) not only to give free access of air to its interior but also to allow 
the suspended matter in the liquid free passage through the whole depth of the 
filter. This is the class of filter to which the [ford and Horfield experiments 
related. 
* The amount of effluent coming from the slag segment was very small, owing to a strong wind on that 
side of the filter. The result for this section may therefore be of less value than would otherwise have been 
the case. 
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(2) Percolating filters constructed of medium-sized material (say, 3” in 
diameter), which temporarily retards the passage of suspended matter through 
the filter, while allowing free access of air to the interior. 


1 


(3) Percolating filters constructed of very fine material. ; 


Percolating Filters Constructed of Medium-Sized Material. 


142. In filters constructed of medium-sized material the suspended solids are 
arrested and held for some time in the upper layers of the material, and this part of the 
filter therefore receives a larger proportion of oxidizable suspended matter than the middle 
or lower parts. Where much suspended matter has to be dealt with, such filters tend to 
become choked in the uppermost few inches of the material, and to prevent the proper 
distribution of the liquid over the bed. In a filter of this kind, air is probably carried 
into the interior from the top downwards by the fall of the sewage liquor upon the 
material. There are many examples of filters of this class where the material is held in 
position by solid walls and where air could only gain access to the filter either through 
the outlet valves connecting to the drains or through the surface of the material. Colonel 
Harding and Mr. Harrison, at Leeds, showed clearly that after serious ponding took place 
on the surface of a filter of medium-sized material, although provided with perfor- 
ated walls which would allow of side aeration, oxidized nitrogen almost entirely 
clisappeared from the effluent, and the effluent then became putrescible. This experi- 
ment, however, does not conclusively show that aeration does not also take place through 
the sides of a filter with perforated walls, as the deterioration of the effluent might have 
been due to the unequal passage of the sewage liquor through the bed owing to im- 
paired distribution, and so far as we are aware no experiments have been made which 
show conclusively how the interior of a percolating filter of medium-sized material is 
replenished with air. 


On general grounds, we should think it better to arrange a given volume of medium- 
sized material in the form of a shallow rather than of a deep percolating filter. In this 
way better aeration would be maintained throughout the filter and the suspended solids 
in the liquor treated would be spread over a greater quantity of the filtering material. 


Percoltating Filters Constructed of Very Fine Material. 


143. In filters constructed of very fine material, the material not only retains 
suspended matter on the surface, but also prevents the free access of air to the 
interior. When sewage liquor is applied to such a filter, almost the whole of the sus- 
pended matter is retained on the surface of the material, with the result that after a time 
the surface becomes completely choked. The filter has then either to be washed by 
upward flow, with simultaneous raking of the top few inches of the fine material, or 
it must be rested until the suspended matter on the surface is sufficiently dry to 
be raked off. 


In the majority of cases, these filters are fed from a flushing tank, or the fine 
material itself is wholly relied upon for aiding uniform distribution. As showing that 
in the latter case (and presumably in the former also) a filter depends chiefly upon 
periods of rest for the access of air to the interior, we may quote the following 
experiment :— 


At Prestolee, in Lancashire, there are three small filters which have a surface layer 
of very fine clinker: the material at the bottom of the filter is about one inch in 
diameter. The filters are entirely closed in at the sides, and at the bottom con- 
nect with the air through a single outlet valve only. The method of working the 
filters is simply to allow the septic tank liquor to flow on to the surface of one of them 
by means of half pipes, and then to percolate through to the outlet drains. The 
suspended matter in the tank liquor, being caught on the surface, soon chokes the fine 
material near the half pipes, and the liquor then gradually spreads over the whole 
surface of the filter. When the surface is about two-thirds or four-fifths ponded, the 
tank liquor is diverted to the second filter and the first is allowed to rest and dry off, 
after which the suspended matter is carefully removed with a spade. 


144. In order to gain some idea as to how long it would be possible to work one of 
these filters without restivg, the following experiments were made :— 


On Wednesday, January 4th, 1905, at 2.30 p.m., septic tank liquor was turned on 
to Bed No. 1, which had previously been rested for 295 hours, @.¢., a shorter period of 
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rest than the usual two days. The first samples of effluent from the bed were drawn 
thirty minutes after the start, at which time the effluent had begun to flow out at a fair 
rate, and others were taken out from time to time, as shown in the table below. The 
experiment lasted until January 9th, at 4.20 p.m., @e., for fully five days, the weather for 


the greater part of this time being showery, but the flow of sewage never much above 


the normal: — . 


_ During the course of the experiment, four samples of septic tank liquor were 


drawn, viz :-— 


On January 4th at 2.30 p.m. 


On January 5th at 10.45 a.m. 
On January 6th at 9.45 a.m. 
On January 9th at 4.0 p.m. 


These samples were very much alike in composition, and the figures of analysis are 


therefore averaged in the table, and placed in one column. 


that the liquor is very weak, but this is quite normal for Prestolee. 


Incidentally they show 



































- | Average 
| of 4 Sep- 7 
“ne . -|tie Tank {tks 
~ | Liquors. 
Drawn -  -|Jan, 4th., | Jan. 4th., | Jan. 5th.,| Jan. 5th.,| Jan. 6th., | Jan. 9th., 
. 30 min-| 64 hours| 20hours} 27$hours| 43%hours) 1214 hrs. 
4 utes after after after after after after 
starting | starting starting | starting.| starting.| starting. 
_ filter, filter,the| filter, the} Surface} Surface| Filter 
surface |. surface off almost| nine-| surface 
of which | whichwas| complete-- tenths) thencom- 
was then | thenfour-| lyponded| ponded.| pletely 
three | fifths ponded. 
quarters | ponded. 
5 ponded. 
Analysed : } - Jan. 5th. | Jan. 6th. | Jan. 6th. | Jan. 9th. | Jan. 9th. | Jan. 10th. 
Parts per 100,000, 
Ammoniacal Nitrogen - |0°75 (4) * 0-04 0-19 0:28 0:26 0°32 0-60 
Albuminoid Nitrogen - | 0-22 (4)| 0-07 0-06 0-05 0-07 0-07 0-07 
Oxidized Nitrogen - -- 0°90 0-44 _ 0-40 0°32 0:27 0:00 
“ Oxygen absorbed ” at 
once at 27°C - - | 0°76 (4) 0°14 0°23 G17 0:29 0°35 ot 
“ Oxygen absorbed ” in 4 ; 
hours - - - | 3°21 (4) 0-56 0-91 0°47 0-77 0-81 0°65 
Dissolved oxygen taken 
up in 24 hours at 18°C - | 1-20 (1) 0-48 0-62 0°85 0:56 0°66 0-55 
Incubator test (Scudder) - — Passed, Passed. Passed. Passed. Passed. Failed. 
sod » (by smell) - — Passed. Passed. Passed. Passed. Passed. Failed. 
Smell when drawn - - —  |Faintsoapy.| Good. Good. Good. Good. Strong 
sewage. 
Smell when analysed’ - a Slight Slight Good. Slight Good. Slightly 
‘ soapy and | soapy. soapy and unpleasant. 
earthy. earthy. 
Chlorine s Ie - | 2°93 (4) -— — 7 ie = — 
Solids in suspension - | 6°42 (2) Bak ae Be: 24 iio: yig' 
Solids by centrifuge (vols.)| 17-4 (3) 0-0 0-0 0-0 0-0 0-0 0-0 
Oxygen in solution (when . 
analysed) - . : — 56 4:2 51 0-0 1:0 0-7 
c.c. per litre t 








en ee meee So Ee A ae Ee Se Te eR a TE OR BT i eS ie a a es 
* The figures in brackets indicate the number of estimations in each case. 


+ In comparing the figures for dissolved oxygen found on the day of analysis, 
these estimations were made at different intervals of time after the samples were drawn. 


not-be-examined-at- onee were kept in ice, but-the secon ‘ i 
ture for two days after being drawn; this no doubt accounts for its oxygen being exhausted. 
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it is important to note that 
Those which could 


January 5th-wasat-atmospheric tempera- 
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Reid, 27075- 
27164. 
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At 64 hours after the start, the bed had become ponded over three-fourths of its 
surface and the ponding gradually increased, but with fluctuations, until the bed was 
completely under water. 


Concurrently with this, the figures for ammoniacal nitrogen and for nitric nitrogen 
(no nitrite being present in any sample on the day of analysis) show that the oxidation 
eradually decreased as the experiment proceeded. The figures both for “oxygen ab- 
sorbed ” from permanganate and for dissolved oxygen absorption are less regular, but 
this is no doubt partly due to the fact that all the effluents could not be examined at 
equal intervals of time after they were drawn. After five days the effluent even from 
this very weak tank liquor became putrescible. 7 


145. It is clear, therefore, that percolating filters of very fine material can only be 
worked for a certain limited time without being rested, and, in order to obtain the 
maximum amount of work out of a given quantity of fine material, it would seem better 
to arrange it in the form of a shallow rather than in the form of a deep filter, provided the 
distribution is efficient. 


DeptTH OF FINE PERCOLATING FILTERS. 


146. The question of the most suitable depth for fine filters was specially brought 
to our notice by Dr. George Reid, the Medical Officer of Health for the County of 
Staffordshire. : 


In connection with his investigation of the fine grain filters at Hanley, Dr. Reid 
collected samples at the following depths from the surface of the filters, viz. :—1 foot, 
2 feet, 3 feet, and (the bottom) 4 feet 6 inches. 


The analyses of these samples, and also of the septic tank liquor, the detritus tank 
liquor, and the original sewage, are given in the following table :— 


Parts per 100,000, 

















eLt | Sewage, | Detritus | Septic | Filter ] | Filter 2 | Filter 3| Filter 
| = Tank. | Tank. | foot feet feet | 4:5 feet 
No. of Recordée*wilee’ |. Aira ah aa 18 | 13 | 16. | 16 16 16 16 
Total Solids - - - - -) 1709 | 1181 | 107.8 | 1015 | 1011 | 101°8 | 103% 
Solids in Suspension- - - -* 635 | 170 | 76 | 025 | O09 | O14 | — 
Solids in Suspension (Organic) - - | 28°5 | 68 | 3.8 | 0-16 0:05 0-06 = 
Solids in Suspension (Mineral) - oa B49 | LO as: S | 0:08 0°03 0:08 —- 
Chistire {- 182-50) . 4) <iiep1s-0" 4-00-09) 9 tees 94 | 95 9-4 95 
Free Ammonia - ; | 2154 | 1643 | 1-716 | 0-036 |. 0-020 | 0:009 } 0-043 
Albuminoid Ammonia : : - | 0:972 | 0:486 0:340 0-052 0:037 0-031 0:027 
*Oxygen absorbed in 4 hours at 80°F.- 5-019 | 2-726 | 2184 | 0°328 | 0-286 |° 0-244 0-259 


*Oxygen absorbed in 3 minutes before 1:862 0-975 | 0-836 | 0:093 | 0-077 | 0-060 | 0-070 


incubation - - - = sii | 








Oxygen absorbed in 3 minutes after 2°176 , 1:095 | 1571 | 0°0677 0:060 | 0:052 | 0°039 
incubation (3 days) - - - | | | 

Nitric Nitrogen on day of collection - 0-02 002 | Nil 1°64 1°82 1.75 (484-70 

Nitric Nitrogen day after collection - | O10 0°09 | 0-09 2°07, 1799 1°85 1-99 

Nitrous Nitrogen on day of collection | 0-029 | 0-014 | Nil 0:003 0-011 0:005 0:005 

Nitrous Nitrogen day after collection | 0:029 | 0-022 Nil | 0-003 0-007 0:008 | 0-002 

Column necessary to obscure test | 0° 16 15 | Over 24 | Over 24 | Over 24 | Over 24 


lines (inches) - . : <a 








From these experiments Dr. Reid had drawn the inference that, in the case of the 
Hanley sewage “ the lower two or three feet of filter medium is absolutely unnecessary, 
and so far as the cost’ of construction of the filters is concerned, the expenditure might 
be reduced by about one half.” 





* From weak permanganate. 
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He also suggested that a much better result would be obtained from a given Reid, 27145. 
quantity of jine filtering material if it were arranged in the form of a shallow filter, 
than if it were arranged in the form of a filter 6 feet deep ; and, further, that to estimate 
the amount of filter required for a given flow of sewage, in cubic yards, without refer- 
ence to the depth of the filter, was open to objection, inasmuch as the lower layers of a 
fine filter were less efficient than the top one or two feet. 


The points raised by Dr. Reid are of considerable importance, and we considered 
it desirable to make further experimental investigations in regard to them, especially 
as the results obtained at Hanley in respect of fine filters differed so materially from the 
results which we had obtained elsewhere with coarse filters. 


Dorking experiments as to depth of filters. 


147. Our experiments were carried out at Dorking, under the charge of Mr. E. H. 
Richards, our resident chemist. For the purpose of the experiments, we constructed two 
filters 4 feet 10 inches deep, one filled with fine material and the other with coarse 
material, and two filters 2 feet 5 inches deep, one filled with fine material and the other 
with coarse material. 


For convenience the two deep filters were constructed in the form of one circular 
filter with a dividing partition between the coarse and fine material. The shallow 
filters were also constructed in a similar manner. ‘The distribution was by means of 
revolving sprinklers, fed intermittently from small tipping troughs. At the suggestion 
of Dr. Reid, who very kindly gave every possible help in the planning of the experiment, 
the distribution was carefully tested before the experiment started and was found to 
be as perfect as could reasonably be expected. The flush of tank liquor (5 gallons) on 
to the filters took place as follows :— 


During Experiment I. : - once every 7 minutes. 


During Experiment II.:— - -. once every 33 minutes. 
The following table gives particulars of the four filters :— 
Dorking Experimental Filters. 


a Material. Depth of Material.| Size of Material. | Contents of filter. 











Cube yards, 
Coarse Shallow Filter - - Clinker, 2H BF 1” to 4’ through- 514 
out. 
Coarse Deep Filter - : - Clinker. 4’ 10” 1’ to 4” through- 10°28 
out. 
Fine Shallow Filter - re Clinker, 2’ 5” Top 1’ 24” of }’ 5:14 
to }” diam. 
Bottom 1’ 24" of 
+” to }” diam. 


Fine Deep Filter - - - Clinker. 4’ 10” Top 2’ 5” of 2” 10°28 
to }” diam, 
Bottom 2° 5” of 
+” to }” diam. 

















The sewage treated in the experiments was drawn, by means of a bypass, from the 
Dorking outfall at a constant flow. It may be described as almost entirely domestic 
sewage of about average strength. 


Table I. shows the figures of analysis given by 21 sets of average samples of the 
sewage taken from November, 1905, to November, 1906, 
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TABLE I. 





Figures for Screened Sewage. 


24-hours samples. 





No. of 











Parts per 100,000. Average. Satination&s 
Ammonixeal Nitrogen (2°63 to 5°69) - : : . . : : 4°65 21 
Albuminoid Nitrogen (0°56 to 1°66) - - - : ai nh 1-00 20 
Total Organic Nitrogen (117 to311)~— - - : a : 1-92 20 
Oxidized Nitrogen (0-00 to076) - = -..-  -  - = «- 0-11 ee 
Total Nitrogen (4:51 to 5:88) - - - - - mx Heal - 6°72 7 20 
_ Oxygen absorbed at once at 27°C. (1:20 to 3-41) - . - - 2:38 21 
Oxygen absorbed in 4 hours (637to 14-77) - - - -  - 1001. 21 
Solids in suspension (11-7 to 32:8) - : - ; : : : 21:50 21 


Calculated strength* 96 - - ’ i y : 3 J ti ca whe 











* Strength expressed in terms of the number of parts by weight of oxygen required to oxidize 100,000 
parts of sewage, arrived at on th: basis of the formule suggested by Dr. McGowan—see p. 16 of this 
Report, and Dr. McGowan’s Memorandum in Appendix IV. ree, 


The sewage, before filtration, was precipitated with ten grains of alumino-ferric and 
five grains of lime per gallon, and was then allowed to pass through a tank of sufficient 
capacity to give ten hours continuous flow settlement. The tank was cleaned once a 
week, as a rule, but twice a week in hot weather. | 


Experiment I. (June 17th, 1907, to October 17th, 1907.) 


148. On June 17th, 1907, the four filters were started working at the rate of 
seventy-five gallons per square yard per day for each filter. This was equivalent to a 
rate of ninety-three gallons per cube yard for each shallow filter and 46°5 gallons for 
each deep filter. This small dose was intentional, the idea being to work the filters 
with gradually increasing volumes of liquor and to note the order in which the effluents 
deteriorated in quality. The above rate of working continued without cessation 
until October 17th, 1907. The surface material of the coarse filters was soon 
covered with a green growth as is usual at Dorking at that time of the year. The 
growth was thin and had no apparent effect upon the aeration of the’ filters or upon 
the passage of the tank liquor through the material. 


' 


The material in the two fine filters was comparatively free from erowth, and at no 
time during this experiment did any ponding of the surface occur. The upper layers 
of the fine material swarmed with small red worms. 


During the four months all the effluents and the precipitation liquor were examined 
by sets of average samples drawn hourly for eight hours every eight days. 


/ 


The figures given in Table II. are therefore representative of the working of the 
filters under all conditions. 
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The precipitation liquor treated was fairly strong. It had a calculated strength * 
of about sixty-one. | 


The effluents from the two coarse filters were both very good, but the liquid. 
portion of effluent from the deep filter contained only about two-thirds as much 
oxidizable matter as that from the shallow filter, as judged by the oxygen 
absorbed test. The difference is shewn by the following figures :— 

















Effluent from the | Effluent from the 
—— coarse shallow coarse deep 
filter. filter. 
Ammoniacal nitrogen - - ; . : ; : Pee oe 0°66 0-14 
Nitric nitrogen - ; - : 2 = - : - - 3:14 4:03 
Oxygen absorbed in 4 hours by paper-filtered effluent - : - 1:12 0-76 
Dissolved oxygen taken up in 5 days by paper-filtered effluent. - - 0-48 0°32 





The effluents from the two tine filters were, for practical purposes, alike, the oxida- 
tion having been carried very far in each case, as is shown by the following figures :— 




















. Effluent from*fine {| Effluent from fine deep 
a shallow filter. filter. 
Ammoniacal nitrogen - - - - : - - - 0:08 0:03 
Nitric nitrogen - - - - - - - - - 4:00 4°26 
_ Oxygen absorbed from permanganate in 4 hours - - 0-57 | 0°51 
Dissolved oxygen taken up in five days’ - - - - 0-12 0-15 


All four effluents may be classed as good to very good, and all the filters were: 
sufficiently, or more than sufficiently, deep, for the volume and the strength of the: 
liquid treated. 


The results from the deep and shallow fine filters are in agreement with those: 
obtained by Dr. Reid at Hanley. They show that, with the amount of sewage liquor 
being treated, the extra depth in the deep filter was not required ; or, in. other words, 
that passage through the first half of the deep filter was sufficient to oxidize almost: 
the whole of the oxidizable matter in the liquor put on the filter. 


Salt Experiment I. 


149. At the conclusion of this first experiment an attempt was made, as at Ilford, 


to find the approximate average time taken by the precipitation liquor to pass through 
each filter. 


About 28 lbs. of common salt were dissolved in water, and half the solution 
was poured into the tipping-trough supplying each pair of filters, in such a way as 
to interfere as little as possible with the natural working of the distributors. 


Approximately 7 lbs of salt were thus flushed on to each filter. 


Samples of the four effluents were taken first at one minute intervals, and sub- 


sequently at longer intervals over a period of 56 hours, until the salt had apparently 
all passed through the filters. 


The chlorine in these samples plotted against time of drawing is shewn in 
Diagram 2. 


_ These curves suggest the conclusion that a sample of effluent drawn at a given 
time is composed of a mixture of liquid which has been in contact with the filtering 


material for times varying (in all four cases) from about thirty minutes or less, to 
something like sixty hours or more. 


The proportion of liquid which has been in contact with the filtering material for 
a short time to the proportion of liquid which has been in contact for a long time 


would largely depend upon the depth of the filter, and upon the nature and size 
of the material of which the filter is composed. | 


* See section of this Report on Strength of Sewage, p. 15. 
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To draw any exact conclusions as to the average time of contact in each of the 
four, filters appears to be almost impossible. We may, however, give the following 
ratios, etc :-— 











Hour line upon 
which the centre 
of gravity of the 
curve figure falls, 


Total quantity of | Time taken for 
salt washed half the average 
out of filter in quantity of salt 
30 hours. to wash out. 


Total area. 
enclosed by 
the curve figure. 


























Weight | Propor- 7 : 
in - | tionto | Hours. Time Hours enh ie Area 
ae ” Tbs ratio. inches, ratio. 
Coarse shallow filter’ - : 4:36 . 0°62 3°0 10 12°9 1.00 
Coarse deep filter : -| 4:59 0°65 5:5 18 13-0 1-01 
Fine shallow filter : - 4°98 0°71 70 23 14:0 1:08 
Fine deep filter - }- -| 5:42 0-77 14:5 4,8 14:0 1:08 
(39 hrs.) 
}, ee 
Average - - - - 4°83 —= cave 13°5 a 























As judged by the time taken for half the average weight Sins of salt to issue 


in the effluent, the time of contact in the coarse deep filter was nearly double that 
given in the coarse shallow filter, and rather less than the time of contact given in the 
fine shallow filter. In the fine deep filter it was almost exactly double the time given 
in the fine shallow filter. 


Upon this basis of calculation, the fine deep filter ought to give the best effluent, 
the fine shallow filter the next, the coarse deep filter the next, and the coarse shallow 
the worst. The quantities of oxidizable matter treated were not sufficient to give any 
true idea of the relative oxidizing power of each filter, but it will be seen that the 
figures of analysis do arrange the effluents in this order. 


Experiment IT. (October 18th, 1907, to January 12th, 1908.) 


150. On October 18th, 1907, the rate of working was increased to 150 gallons per 
square yard per day for each filter. This was equivalent to a rate of 186 gallons per cube 
yard for each of the two shallow filters and 93 gallons for each of the two deep filters. 
This rate of working continued until December 22nd, when all the filters were given a 
week’s rest in cold dry weather. On December 29th they were started again at the 
same rate, and from this time they worked without cessation until January 28th, when 
the experiment stopped. 


The increased rate of working and the low atmospheric temperature showed their 
effects on the nitrification, the ammonia rising and the nitrate falling in all the effluents. 
Moreover, a grey growth (Cladothrix dichotoma, Cohn) made its appearance and 
began to flourish on the surface of the two coarse filters towards the end of October, 
gradually increasing in thickness during the two following months. 


The same growth appeared on the surface of the two fine filters; this also 
increased, but never to anything like the same extent as on the coarse filters. On 
November 20th local ponding began on both fine filters, being rather worse on the 
shallow filter than on the deep. On December 2nd both the fine filters were raked 
over for the first time, and as this was done afterwards whenever necessary, neither 
the growth nor the suspended matter caught in the top few inches of the fine clinker 
had very much effect upon the working of these filters. There is no doubt that the 
effect of the growth was much more marked in the case of the two coarse filters. 


_ The severe frosts in January killed off the growths on the fine filters, and to a 
certain extent on the coarse filters also, but with the return of the milder weather the 
growth re-asserted itself. Although the filters were at times completely frozen over 
between the jets of the sprinklers, none of the effluents deteriorated seriously. The 
coarse deep filter suffered most in this way from its exposed position. 


The averages of the figures of analysis are given in Table IIT. 


They were obtained from samples drawn in an exactly similar way to those in 
Experiment I. 
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In this second experiment, the precipitation liquor treated was distinctly weaker 
than it was in the first experiment. Its calculated strength was only fifty-four as 
against sixty-one. This was no doubt owing to the heavy rainfall in the last months of 
the year. 3 


Comparing the effluents from the the two coarse filters, we have the following 
figures :— : 














Effluent from the | Effluent from the 
—_--—__-_——— coarse shallow coarse deep 
filter. filter. 
Ammoniacal Nitrogen — - aaa oa - - - - 0:99 0-55 
Nitric Nitrogen - - - - : - : - - - 223 2°69 
Oxygen absorbed in 4 hours by paper-filtered effluent = - - - 0°87 0-79 
Dissolved Oxygen taken up by paper-filtered effluent in 5 days - - 0°52 0°42 





It would have been expected that with the greater flow per cube yard the differ- 
ence between the effluents from the two coarse filters would have become accentuated, 
but in actual fact it is, if anything, rather less than it was in Experiment I, though at 
the same time neither effluent was of quite such good quality. The explanation of 
this result is, we think, to be found in the development of growths upon the surface of 
the coarse material and some way down into it which took place during the experi- 
ment. This undoubtedly interfered with the normal working and, as will be shown 
later, altered the times of contact given. With regard to the effluents from the 
fine filters (which, it will be remembered, were in the first experiment practically 
identical), these showed a greater difference than before as is evident from the follow- 
ing figures :— 




















tht | fine shallow | Eiffuont from 

filter. oie 
Ammoniacal Nitrogen - : : : - : : oo he 0°86 0°35 
Nitric Nitrogen - : - - : : : 2 4 . 2-80 3-95 
Oxygen absorbed in 4 hours by paper-filtered effluent - - - 0:90 0-60 
Dissolved Oxygen taken up in 5 days Bo ee ee - : : 1:08 0-42 


Some growth occurred on the fine filters, but it had much less effect upon the 
working of them than the growth had upon the working of the coarse filters, mainly 
because of the surface raking adopted. 


So far as the coarse filters in Experiment II are concerned, the value of the 
comparison of the results was vitiated by the growth. 


As regards the fine filter effluents, while both are good, that from the deep filter 
contained only about half the residual oxidizable matter as that from the shallow 
filter. 


At the same time, the total amount of matter which was oxidized by the fine filter, 
4 feet 10 inches deep, was little more than the total amount which was oxidized by the 
fine filter of half the depth. 


As in Experiment I., all the filters continued sufficiently (or more than sufficiently) 
deep for the volume and strength of the liquor treated. 
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Salt Expervment 2. 


151. At the conclusion of Experiment II another. salt test was made in order to 
compare the curves obtained at this rate of flow (150 gallons per square yard) with those 
in Experiment I when the rate was 75 gallons per square yard. 


The result is shewn in Diagram 3. Exactly the same amount of salt was used as 
before, viz. 7lbs. for each of the four filters, but as the flow of liquid was now doubled, 
the chlorine’ figures are correspondingly lower in each case. 


Interpreting the curves in the same way as those of Diagram 2, we obtain the 
following figures :— 



































| . Time taken for Hour line upon . . 

peg na! a half the average. which the centre |. a , baal “t 

| filter in 23 hours, | uantity of salt | of gravity of the Hi i fi si ss 

a 4 to wash out. curve figure falls. 2 eae 
‘| Weight  Propor- | a MPSA ES SOT OOT Sie 

| - in’ *) tion to | Hours. +e Hours. line Cubic —- 

Wf oti: 7 lbs. ratio. ratio, | inches. | ratio. 
Ooarse shallow filter ;°- © LAD | £0-60 >: 2:27 T-O0¢c43¢ 3:8 | DO? ope -6:°9847 oak 004+ 
Coarse deep ‘filter 2 GRU deg hcoseS 3°00 1°32) 56 1485  T969-teds14 
Fine shallow filter -'°- 4°17) 0°60 = a Mma Dal Uh mel aga 8 6-28 || 0-90)" 
Fine deep filter, .- .-.- =|) 4530890 0:62 | "680 i meoys tod 2-48. |. 698 | 1-00 
Average b 4400 fo -- —- — | Average. 7:05 — 














It will now be seen that in the two coarse filters, especially in the shallow one, the 
time taken for half the average quantity of salt to wash out was distinctly more 
than half what it was in Experiment I. 


The effect of this is to bring the ratio figures for average time of contact in the 
two coarse filters much nearer together, viz., 1:0: 1:32 as against 1:0: 1'8 in 
Experiment I. 


The same thing is seen but to a lesser extent with the fine filters, where the ratio 
figures are 1:63 : 2°77 as against 2°3 : 4:8, 


The figures of analysis run parallel with this, there being less difference between 
the two coarse filter effluents than in Experiment [. Further, the rate of filtration is 
now sufficient to bring about a difference in the figures of analysis for the fine filter 
effluents. 


Salt Experiment 3. 


1 


152. The appearance of the filters at this time led us to surmise that the difference 
between the ratio figures of Salt Experiment 1 and those of Salt Experiment 2 was to be 
ascribed to the development of Cladothrixz dichotoma on the filtering material, especially 
on the coarse material. 


In order to satisfy ourselves as to this, we cut down the flow on to the filters to 
the original rate of 75 gaps per square yard immediately after the conclusion of Salt 
Experiment 2, and proceeded to make a third Salt Experiment. Apart, therefore, from 
the difference in the state of the filters, the conditions of this Experiment were precisely 
the same as in Salt Experiment LI. 
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The result of Salt: Experiment 3 is‘shewn on: Diagram 4. 
Again interpreting the curves as before we obtain the following figures :— 



































Total quantity of | Time taken for Hour line upon Tata ares 
salt. washed out | half the average | which the centre eR 
of filter in 46 quantity of salt. of gravity of the Sar i . 
hours. to wash out. curve figure falls, Ee ae 
Weight | Propor- 2 : 1 a | Hour 
in tion to-| Hours.- Time fo “BiG ubed: line. G we , Area 
an 7 lbs. ratio. | TRS inches. "| ratio. 
Coarse shallow filter  - . a gp al eA) 6°3 1-00 88 1:00 22°26 1-00 
Coarse deep filter - : 6-02 0°86 9-1 1-44 11-0 1-25 15°80 | 0-70 
Fine shallow filter d ; 6:87 0°98 10-2: 16272} 13-9 1°58 18:20 0:82 
Fine deep filter - - -| 6-29 0-90 16-9 2°68 19°6 2°22 16:28° | 0°73 
Average - . 6°54 —- — —— —- 18°13 -- 




















The ratio figures for the time taken for half the average quantity of salt to wash 
out in this experiment were thus practically the same as in-Salt Experiment:2, viz., 1-0: 
1:32 and:1°0 :' 1-44 for the two coarse filters and 1:63: 2°77 and-1°62: 2°68-for the 
two fine filters. 


In other words, given a filter in the same state, the time. of contact is inversely 
proportional to the rate of flow. 


While, therefore, the growth interfered withthe progress of the experiment as 
originally outlined, it has helped-in a-strtking way to shew how close is the relationship 
between the time of contact and the quality ofthe effluent.’ 


GENERAL. CONCLUSIONS AS TO DEPTH OF PERCOLATING FILTERS. 


153. Our Dorking experiments are not completed, and some points are not yet settled, 
but we think that the results obtained by other workers, together with those arrived at 
by us, bring out the following points fairly clearly :— 


(1) That the deeper the filter the better the effluent. This holds both 
for fine and coarse materia], assuming good distribution and aeration. 


(2) For practical purposes and assuming good distribution, the same puri- 
fication will be obtained from a given quantity of coarse material, whether it 
is arranged in the form of a deep or of a shallow percolating filter, if the volume 
of sewage liquor treated per cube yard be the same in each case. 


Thus, a filter, 3 feet deep, worked at the rate of « gallons per square yard 
per day, would give similar results to a filter 6 feet deep, worked at the rate 
of 2 x gallons per square yard. 


In the absence of clogging, the balance would be slightly in favour of the 
deep filter, because the greater the depth the more the errors of distribution 
would be neutralised. There must always be a limit of shallowness (say 3 feet), 
beyond which it would be unwise to go, for however good the distribution might 
be, if a coarse filter were constructed very shallow, a considerable proportion 
of the sewage would pass through by “ short cuts.” 


(3) With regard to filters of fine material, if the liquid to be purified were 
absolutely free from suspended and colloidal solids, and if thorough aeration 
could be maintained, the statement just made for filters of coarse material 
might possibly hold good for filters of fine material also. In practice, however, 
these conditions can scarcely be maintained with large rates of flow, and we 
think that the greatest efficiency can be got out of a given quantity of fine 
material by arranging it in the form of a shallow filter rather than of a deep filter. 
But we are not in a position to make an exact quantitative statement as to 
the difference in efficiency of the two forms. 
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It is probable that for the treatment of a strong sewage liquor, the filter 
should not be quite so shallow as for a weak liquor, but the point has not been 
fully worked out. —— 


(4) The extent of the purification effected by a percolating filter varies 
with the average length of time taken by the sewage liquor to pass through the 
filtering material, assuming that proper aeration of the filter is maintained. 


S1zE oF MATERIAL. 


154. The size of the filtering material should depend, very largely, upon the amount and 
character of the suspended matter in the liquid to be filtered. Fine or medium-sized 
material undoubtedly produces the best effluents, so long as it is kept free from water- 
logging ; but, unless the rate of filtration is slow, such filters soon clog if much suspended 
matter is contained in the liquid which is being filtered. 


At Leeds, screened crude sewage, containing about 50 parts of suspended matter 
per 100,000, was treated upon filters of coarse material (over 4 inches in diameter) for at 
least eight or nine months; but it was found that when the same sewage was treated 
on a Ducat filter constructed of fine to medium clinker (2-inch to 3-inch diameter), even 
at a slower rate, the filter became clogged in a month. The rates of filtration were as 
follows :— 


Through the coarse filter (11d feet deep) _- 52 gallons per cube yard per day. 
Through the fine filter (10 feet deep) - 45 gallons per cube yard per day. 


In considering the question of size of filtering material, the character of the suspended 
matters in the sewage to be treated must also be taken into account. 


No doubt the amount of fibre in the sewage was the chief cause of the very rapid 
choking of the fine Ducat filter at the Leeds works. As we have already mentioned, this 
filter became clogged within a month when screened sewage was put upon it, and with 
septic tank liquor, containing about 18 parts of suspended matter per 100,000, it com- 
pletely choked aiter about two and a half years. The rate of filtration during the experi- 
ment with septic tank liquor was about 57 gallons per cube yard per day. 


155. The following tables give particulars as to the size of filtering material in use 
at a number of places which we have had under observation. 
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Metuops oF FEEDING PERCOLATING FILTERS. 


156. The main object to be aimed at in feeding a percolating filter is to deliver the 
liquid uniformly over the whole area in such a way that each particle of material 
receives an equal quantity of liquor. 


~ 


A distributor should comply with the following requirements :— 


It should distribute the liquid uniformly over the whole filtering area ; 


Its working should not be affected by atmospheric conditions, such as 
wind, frost, ete. ; 


It should be capable of adjusting itself to large variations in the flow, 
i.e., it should deliver equally well the small flow of night sewage and 
the increased flow during storms. 


The distribution should not be lable to be affected by the stoppage of 
small holes by the suspended matter of. the sewage or tank liquor ; 


It should be easy to clean ; 


The points at which the moving parts of the distributor’ are in contact 

with the stationary parts, or with the parts which have a different 

- motion, should, as far as. possible, be separated from the liquid which is 
being distributed. ~ 


In selecting a distributor, it would. be necessary to consider the head of water, or 
other power required to work it, and, of course, the question of cost. 


157. At the places which we have had under observation we have had experience 
of six forms of distribution. We have made no comparative tests of the various forms, 
and we therefore only propose to offer certain general observations in regard to them. 


The forms of which we have had experience may be classified as follows :— 


(1) A sprinkler which moves, either automatically or by applied power, dropping 
or spraying the liquid as it rotates or travels backwards and forwards over an area of 
filtering material ; 


(2) A stationary form of distributor, in which the liquid to be distributed is 
carried over the filter area by means of pipes, and forced under head of water through 
a large number of small orifices, so that it is broken up into fine jets ; 


(3) A form of distribution in which definite volumes of liquid are automatically 
_ delivered in flushes ; 7 


(4) Distribution by means of a very fine material laid on the surface of the 


filter, the liquid being by this means spread over the whole, or the greater part, of 
the filtering area ; 


(5) Dripping trays, a stationary form of distributor, invented by Mr.,F. Wallis 
Stoddart, by which the sewage liquid is carried over a filtering area in 


perforated trays of corrugated iron, from which it falls upon the filtering material in a 
succession of drips ; 


(6) Tipping troughs. A stationary form of distributor, consisting of troughs 
balanced on pivots in such a way that, when filled with liquid, they tip and then 
return to their original position. 


Watson, 25008. 
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Type No. 1.—As regards moving sprinklers we may make the following 
observations :— 


(a) Unless driven by applied power, which must obviously increase the cost 
of distribution considerably, they are seriously affected in their distribu- 
tion by wind, and by severe frost and snow. In the case of light 
revolving sprinklers, they are not infrequently brought to a standstill by 
the wind. Where the filter is a small one, this disadvantage may to a 
considerable extent be overcome by building wind screens round the filter 
or by raising the retaining walls, but on a large works we should think 
that this would be impracticable, and with large filters not very effective. 


(b) Automatic revolving sprinkiers, when used intermittently (7.¢., when fed 
from a flushing tank), are capable of adjusting themselves to large varia- 
tions of flow, but when used continuously, without a flushing tank, their 
rates of working can only be varied within somewhat narrow limits. 


(c) The forms of sprinkler in which the tank liquor is delivered to the bed 
through a number of small holes need a considerable amount of attention. 
The arms require to be brushed out at least once a day, unless the tank 
liquor happens to be exceptionally free from suspended matter, or not 
likely to produce fungoid growths. | 


Type No. 2.—Distribution by means of perforated pipes or nozzles laid over a 
filterg area is almost always rather unequal, and this would be a disadvantage, 
except in the case of fairly deep beds constructed of fine or medium material, or deep 
beds (say, eight feet or more) of coarse material. This method of distribution, moreover, 
needs a considerable head of liquid for proper working, and also requires constant 
attention to keep the pipes and distributing holes clean and free. 


At Birmingham, where the nozzle form of distributor is in use on a large scale, 
for each acre and a half of filter one man is constantly employed night and day in 
cleaning the nozzles. The constant walking over the surface of a filter is a distinct 
drawback, but assuming that the occupation is not dangerous to the workman, we 
think that this method of distribution will, in many cases, be found efficient and cheap, 


Mr. Watson, of Birmingham, has made a careful comparison of various methods 
of distribution, and it will be seen from his evidence that, on account of cost, he 
prefers the system of spraying nozzles to other forms of distribution. 


Type No. 3.—This method of distribution would only be suitable in a limited 
number of cases. Where the distribution is by means of flushes, the upper part of the 
bed should be made of very fine material, such as sand. With this type of filter 
the surface has to be constantly washed and cleaned, and it is therefore important that 
the tank liquor should be comparatively free from suspended matter. Owing to the 
difficulty of obtaining from a strong sewage a tank liquor containing only a smali 
quantity of suspended and colloidal matter, this type of distribution is not well 
adapted for cases in which strong sewage has to be treated. 


Type No. 4.— The distribution obtained by spreading the liquid to be treated over 
a filtering area covered with a layer of very fine material, such as soil, sand, or clinker 
dust, etc., does well either for strong or weak sewages; but unless the fine material 
on the surface of the bed is kept closely packed, there is danger, when the bed is 
first brought into use, of the liquid passing too rapidly to the drains. It would seem 
advisable, therefore, where this method of distribution is adopted, that the filter should 
be constructed throughout of fine to medium material, except round the drains. 


Types Nos. & and 6.—Tipping troughs and dripping trays are, in our opinion, more 
suitable for small than for large installations. They can adapt themselves to large 
variations of flow, and in the case of small or medium-sized works, where constant 
supervision is not available, this is a great advantage. We may add that these trays 
are better suited for the distribution of a large volume of weak liquid than a small 
volume of strong liquid. 
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The distribution is seldom perfect by either of these forms of distributor, and 
consequently it is advisable to have deep beds where they are adopted. Further, 
owing to the fact that the delivery of liquid in both cases is more or less constant, 
medium-sized or coarse material should be used, to prevent ponding. 


A certain amount of supervision is necessary as a tray may become blocked 
or a trough may fail to tip. The trays would require to be looked at about once a 
day, we think, and tipping troughs about twice a day ; but, beyond this, little attention 
is required. The distribution in both these forms is divided up into a number of 
units, and it is very unlikely that more than one or two units would get out of order 
at a time and that the distribution would be bad over a whole filtering area. 


That tipping troughs are liable to be completely put out of action by severe frost 
we have seen exemplified at Little Drayton, and although we have had no experience 
of the same kind with regard to the trays, we should think that these were 
also liable to be affected by severe frost, though in their case distribution would never 
cease altogether. 


Risk of Nuisance. 


158. All forms of distribution on percolating filters are liable to give rise to 
nuisance from smell, if a strongly smelling liquor has to be dealt with. In the case of 
trays or tipping troughs the smell is confined more or less to the immediate vicinity of 
the filter, and it may be largely done away with at small works by providing an 
inexpensive form of cover for the filter. The nozzle form of distributor is naturally 
the most liable to give rise to smell, but moving sprinklers are almost equally bad in 
this respect. 


SomE OBSERVATIONS ON THE Most CoNVENIENT SUPERFICIAL AREA FOR A 
PERCOLATING FILTER. 


159. So long as due regard is had for economy, the main consideration in laying 
out an area of percolating filters is to arrange the area so that portions of it may be put 
out of work without interfering with the general working of the plant. 


If, for instance, at a small sewage works the whole of the sewage was treated 
upon one percolating filter fed by one sprinkler, any stoppage of that sprinkler would, 
unless land or some other means of disposal were available, result in the 
temporary discharge of a large quantity of unpurified sewage into the watercourse. 


Experience has not shown that it is “necessary for purposes of aeration to expose 
the sides of a percolating filter to the atmosphere, in order to obtain good results, 
and there would seem to be noreason, beyond engineering considerations, such 
as configuration of site, etc., for splitting up an area of percolating filter into units, 
provided that any part of that area could be cut out and rested, when necessary, 
without interfering with the general purification. The particular arrangement of the 
works would therefore depend very“largely upon the form of distributor employed. 


The size of a revolving distributor, for instance, has economic limits, and if this 
method of distribution were adopted the filter area would have to be split up into 
units corresponding with these limits. 


The method of distribution by flushing fixed quantities of sewage liquid 
over percolating filters, constructed with a surface layer of very fine material, 
necessitates that the filter units should be small. Otherwise the flush of liquor 
cannot be made to spread evenly over the whole surface of the filter. This kind 
of filter has also to be washed or scraped at short intervals of time, and allowance 
must consequently be made for this. 


Distribution by a power-driven distributor moving over a rectangular bed also 
has its limits, for, although the working of such a distributor can be regulated so as 
to rest the ends of a rectangular bed, it would appear to be difficult to feed the 








* Some experiments which we carried out at Hendon, with the Ducat filter, indicated that open sides 
may be of advantage for the treatment of crude-screened domestic sewage, on a rather fine perolating filter 
Other work has prevented us from completing these experiments. 
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ends while resting the middle portion of the area. Further, if the bed were very 
long, large quantities of liquor would have to be fed on to each portion of ‘filter at 
long intervals of time, instead of small quantities at short intervals. 


With stationary distribution by means of nozzles, perforated pipes, dripping trays 
or tipping troughs, there would appear in principle to be no limit of size, for portions 
of a large area fed by such means could be cut out or brought in at will, without inter- 
fering with the general purification. 


Where moving sprinklers are used, it would be cheaper to limit the number of units 
to a minimum, but the whole filtering area should comprise not less than three units so as 
to allow of cleaning and resting. 


In the arrangement of a percolating filter area at a very large works, other 
considerations would have to be taken into account, such, for example, as the size of 
feed pipes, and the distance which the workmen would have to walk upon the material 
in order to get at different parts of the filter. 


In regard to this question we may refer, particularly, to the evidence of Dr. Fowler, 
23020, Mr. Watson, 25015, Dr. Reid, 24432 (131), and Messrs. Willcox and Raikes, 26114. 


CONSTRUCTION OF THE BASE OF PERCOLATING FILTERS. 


160. In a percolating filter of coarse material, large quantities of suspended 
matter quickly work their way through the filter. If this suspended matter is not 
allowed to come away with the effluent, the bottom layers of the filter will become 
choked, and this will interfere with the working of the filter, not only for mechanical 
reasons, but also by preventing aeration. In such a filter, therefore, it is nevessary 
to make provision for the free passage of suspended matter through the material and 
into the effluent drains, so that it can be completely carried away from the bed and 
dealt with subsequently. 


In a percolating filter of medium or fine material, where the bulk of the suspended 
matter is caught and held in the upper part of the filter, the free base would not seem 
to be an absolute necessity. Ii, however, the suspended matter is not removed from 
the upper part of the filter by washing or riddling, it will eventually find its way to the 
bottom of the filter. : 


In any case the working of a percolating filter depends primarily upon the free 
passage of air through the bed, and, for this reason, we should say, in general, that it 
is advisable to construct the lower portions of all percolating filter, fine as well as coarse, 
as open as possible 


If, in a filter constructed of medium or fine material, a bottom. layer of large 
pieces is relied upon wholly for the aeration of the bed and for the free passage of 
liquid to the drains, it is.obvious that great.care must be taken in selecting this coarse 
material. _ Any serious disintegration at the bottom of the filter would result in 
parts of the filter becoming water-logged. 


CHOKING OF PERCOLATING FILTERS. 


161. Unless the material is coarse enough to allow the free passage of suspended 
matter, percolating filters are liable to become choked. Within ordinary practical limits, 
the rate of choking would depend upon the actual quantity of suspended matter delivered 
to the surface of the bed. At Leeds, for instance, it was found that carefully screened sew- 
age, containing 80 parts of suspended matter per 100,000, when put upon a percolating filter 
composed of clinker 3 inch to 2 inch diameter, ten feet deep, had the effect of completely 
choking the surface within a month, notwithstanding the fact that the rate of filtration 
never exceeded 25 gallons per cube yard per day. /When, however, septic tank liquor 
containing only about 18 parts of suspended matter per 100,000 was substituted for the 
sere.ned sewage, the same filter gave good results without clogging for two years, though the 
rate of filtration was doubled. At the end of that time it was necessary to rest the bed 
and fork the surface, and after three years, owing to internal clogging, it became necessary 
to stop the experiment. 
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If a clogged filter of medium or fairly coarse material is rested, the suspended matter 
which causes the choking becomes granular, and can eventually be washed out of the 
filter. To some extent this applies also to a filter composed of very fine material, but 
in that case by far the greater proportion of the suspended matter remains on or near 
the surface and can only be got rid of by removing the clogged material and washing it, 
or exposing it for some time to the air, and eventually riddling it dry. When coarse 
material is used in a percolating filter there is apparently little danger of the filter becom- 
ing clogged, unless the sewage contains much fibre or is liable to give rise to fungoid 
growths, or unless serious disintegration of the material takes place. We have had no 
experience of such a filter becoming clogged with suspended matter when dealing with 
domestic sewage. At Accrington, coarse percolating filters have been in use for the 
treatment of septic tank liquor for eight years, and have not clogged. At Horfield, a 
coarse percolating filter treating precipitation liquor and fed by means of dripping trays 
ran uninterruptedly until it was dismantled after five years’ work. At York, coarse 
filters have been in use for the treatment of septic tank liquor, without interruption, 
for four years. There are, in fact, a number of such instances. This kind of filter, how- 
ever, seems to be liable to choke as the result of surface growths (see page 97). Where 
there is much fibre in the liquid to be treated (and the same thing would no doubt apply 
to grease and hops, etc.), percolating filters of even very coarse material may choke up. 
At Leeds, a percolating bed which was constructed of coarse coke, showed signs of becom- 
ing choked after having received septic tank liquor for eight and a half months. The 
primary cause of the choking was, we think, the fibrous character of the suspended matter, 
but there was a considerable development of growth on the surface of this bed at the 
same time. } 


The choking of a percolating filter constructed of medium-sized material (say + inch 
to 3-inch diameter) takes place at or near the surface, the material below this remaining 
fairly clean. We have seen examples of this at Salford, Hanley, Chesterfield, Bir- 
mingham, and Hendon, though at none of these places was the choking serious. At 
Market Drayton and Leeds, however, the upper portions of the filters had to be washed 
or renewed after about three years’ work. The following table shows the amount of 
suspended matter, the rate of filtration, and the condition of the filters at the above 
places :— 





Rate of 
filtration in 
gallons. 





Condition of 
Per | Per filters. 
square| cube 
yard | yard 
per 24} per 24 
hours. | hours. 


Nature of Size of 
material. material. 


Place. 


Amount of suspended 
matter in tank liquor treated. 
Parts per 100,000. 





oa) 
oO 


Leeds - - - Clinker 83 25 | Clogged after 1 month. 


5 
* Market Drayton - Granite |$ » ¢5 25 50 20 | Upper part of material 
required washing after 


3 in. to 2 in. 











about 4 years’ work. 
Hendon - ? Clinker™ |4 ,, #,, SU ae 125 40 | Good after 8 years. 
Leeds - , : ‘ ere 18 | 200 57 | Bed seriously clogged 
after 24 years. 
Chesterfield = Fr ee 12 90* | 40* | Good after 6 years. 
Birmingham - | Broken brick|/4 ,, 3.,, 8 | 155 77 | Good after 3 or 4 years, 
and granite 
Hanley . . Saggars |i ,, 3,, 5 | 206 | 124 | Upper part of material 
would probably require 
washing every 4 or 5 
years. 
Salford - . Clinker 3 .,, 2,, 3 | 318 | 151 | Good after 5 years. Top 





foot of material e- 
newed on 10 per cent 
of area after 3 or 4 
years, and rest of area 
dug over. 














* Dry-weather rates of flow. In storm times these filters take four times the dry-weather flow. 
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We have had no experience of the washing of percolating-filter material on a prac- 
tical scale ; but, from the evidence given as to the cost of washing contact-bed material, 
we should estimate that the cost would be approximately 1s. 6d. to 2s. 6d. per cube yard, 
if done by machinery on a large scale, and from 2s. 6d. upwards per cube yard, if done 
by hand on a small scale. 


GROWTHS ON PERCOLATING FILTERS 


162. At anumber of places thick, gelatinous, fungoid growths have at certain periods 
of the year (usually in the winter or early spring) developed upon the surfaces of percolat- 
ing filters to such an extent as to cause serious ponding and consequent deterioration of 
the filter effluent. On the other hand, at other places, where apparently similar growths 
are present in small quantities on the surface of the material, they do not increase to any 


marked extent, and no ponding arises from this cause. Tables I. and II. give examples 
of each kind of place. 
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163. So far as we are aware, such growths have not been made the subject of system: 
atic study in connection with sewage disposal, and little appears to be known as to the 
conditions under’ which they’ flourish.: As will be seen from Table I., however, a 
pylobolus growth appeared upon the surface of a percolating filter treating septic tank 
liquor at the Leeds sewage works. In their Report on Experiments in Sewage Disposal, 
City of Leeds, 1905, p. 140, Colonel Harding and Mr. Harrison make the following 
remarks on the subject :— 


“A few words must be added in regard to the difficulty of the fungoid 
“ growths which arise in dealing with Leeds sewage on percolating filters, and 
“which, with any but very coarse material, soon choke the air spaces, and cause 
“the sewage to pond on the surface. The growths were less with partly settled 
“sewage than with the crude sewage and as in other cases they did not spread far 
*“down into the filter, not more than from 6 to 12 inches at the most, it would 
“seem that light is required for their development.” 


‘On the other hand, the holes in the sprinkler tubes were constantly choked 
“with these growths, so that’ they required to be daily cleansed; but it is more 
“likely that this was due to the fungus’ which forms in the open channels leading 
**to the sprinkler being washed forward into the tubes than to the growths arising 
‘in the tubes themselves. Itis quite possible that sewage thoroughly well settled 
“may give rise to fungoid growths, the detritus from’ which may cause suspended 
“matters to appear in a filtrate.” 


“The question of these growths and the circumstances which favour their 
*‘devolopment is one that should be further investigated.” 


164. As the use of percolating filters is ikely to spread-in the future, we are im- 
pressed with the need for practical experiments which have for their object either the 
prevention or the destruction of the growths on the surtaces of such filters. 


That growths of this kind can be destroyed is shown by an experiment (suggested 
by Dr. Houston and Mr. Colin Frye) recently carried out on a small scale upon the surface 
of one of our experimental filters at Dorking. In March, 1907, the surface of this filter 
(which at that time treated septic tank liquor) was covered with a considerable layer of 
gelatinous growth, sufficient to cause local ponding in the tracks of the sprinkler jets. 
On March 16th the filter was rested for twenty-four hours in dry weather, and at the 
end of that time the surface was divided up into eight equal segments (1.6 square yards 
each), and seven of these were treated with the following reagents, the eighth segment 
being left untouched :— 


(1) Powdered quicklime. 

(2) Bleaching powder. 

(3) A 20 per cent. solution of “ Chloros.”’ 

(4) A 20 per cent. solution of copper sulphate 
(5) A 20 per cent. solution of ferrous sulphate. 
(6) A 20 per cent. solution of caustic soda, 
(7) A 20 per cent. solution of sulphuric acid. 


In the case of (1) and (2), sufficient of the dry solid was used to cover the surface with a fine 
layer of powder, while in the case of the other five segments one litre of each solution was 
applied to the material with a brush, the filter being then left resting for a further 
period of twenty-four hours. 


At the end of this time, the segment which had been treated with caustic soda had 
undergone a distinct change in appearance, the clinker being perfectly clean on the 
upper side, though the under side was still covered with a slimy layer of half-dissolved 
growth. Of the other six segments, none showed any marked destruction of the growth, 
but the copper and iron sulphates had stained their segments green and rusty brown 
respectively. The filter was started again at 3 p.m. on the same day. A very large 
quantity of coarse brown solid matter (20 to 30 parts per 100,000) came away in 
the filter effluent during the first hour, but the quantity gradually decreased to about 6 


100 


parts per 100,000 after 24 hours. The samples taken during the first hour went putrid 
upon incubation, this being no doubt chiefly due to the outflush of solids, but otherwise 
the working of the filter was not seriously upset, though the nitric nitrogen in the 
effluent fell from 2 parts to 1 part per 100,000 for some days, eventually rising again 
to 2 parts on March 25th. . 


On April 22nd there were again signs of local ponding on the surface of the filter, but 
the growth on that segment which had been treated with caustic soda was considerably 
less than on the other segments. It was therefore thought desirable to try the 
application of a 20 per cent. solution of caustic soda to the whole surface of the filter. 
This was accordingly done, two gallons of the solution being used for the purpose. The 
procedure otherwise, 2.¢., as regards the resting of the filter, was exactly the same as 
in the first experiment. 3 


On the following morning the surface of the clinker was covered with a white deposit 
of sodium carbonate, and, on re-starting the filters shortly afterwards, a great quantity of 
dark brown solid matter came away in the effluent. Samples of effluent drawn for the 
first two hours readily putrified upon incubation. Aiter twenty-four hours the effluent 
when freed from solid matter was normal, but a large quantity of suspended solids con- 
tinued to come away with the effluent for about a week. 


As in the case of the first experiment, the working of the filter, apart from the 
flush-out of solids, was not seriously upset, and after the first two hours from the restart. 
there was no fall in the figure for oxidised nitrogen. 


The exposed surface of the clinker was completely cleaned by this application 
of caustic soda solution, though a considerable amount of growth still adhered to the 
under side of the larger pieces of material. All ponding, however, disappeared, and no 
further growth of any consequence made its appearance for some months. The cost 
of the treatment, including labour, was 24d. per square yard, but this would no doubt 
be materially reduced when carried out on a large scale. 


Probably three such applications of 20 per cent. caustic soda would be necessary 
to keep the growth down during the winter or early spring months on the filter at 
Dorking. 


165. Generally speaking growths do not appear to flourish on the surface of perco- 
lating filters constructed of fine material, but whether this is due to the size of the material 
or to the fact that filters of fine material are usually fed intermittently, we cannot say. 
Colonel Harding and Mr. Harrison, in an experiment at Leeds, found that they could 
keep down growth on a coarse-grained filter by substituting an intermittent sprinkler for 
a continuous one. 


_ Our experiments seem to indicate that growths flourish most on filters treating pre- 
cipitation liquor. This suggests that the use of chemicals (especially soluble sulphates) 
may influence their development, but, on the other hand, precipitation liquor usually 
contains considerably less suspended matter than other tank liquors, and a larger volume 
of it is for this reason generally treated per cube yard. 


As regards the growths in channels along which effluents flow, they seem to require, 
for their development, an aerated but still unpurified sewage liquid, and it is possibly for 
this reason that they are generally more abundant in channels conveying dilute sewage 
liquids than in channels conveying strong sewage liquids, especially if the suspended 
matter is removed. 


\ 
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Some OBSERVATIONS AS TO THE RELATIVE Cost or Contact Brps AND PERCOLATING 
: FILTERS. 


166. On pages 36-43 of this Report we. have made some observations on the relative 
cost and efficiency of preliminary processes for the removal of suspended matters from 
sewage, and we propose here to make a similar comparison between the two types of arti- 
ficial filter usually adopted for the further purification of the sewage, and commonly 
known as “contact beds”? and “ percolating filters.” As in the case of the preliminary 
processes, the cost of filters necessarily varies with local conditions, and no figures can be 
given which would be generally applicable. Following the plan adopted in the case of 
the preliminary processes, however, we propose to compare the two types of filters in a 
hypothetical case in which we assume :— 


That ample fall is available ; 


That the sewage is of a normal domestic character and of average strength ; 
7.€., & sewage which would require about 100 parts of oxygen,* by weight, for 
the oxidation of the organic matter contained in 100,000 parts of sewage ; 


That the flow of sewage is 1,000,000 gallons per day in dry weather ; 


That in times of storm twice the dry weather flow is passed through the 
filters. 


For the purpose of this comparison, we assume that the sewage has been subjected 
to preliminary tank treatment for the removal of suspended matter, and that in each 
case a satisfactory final effluent is to be produced. 


wt 


We have not considered it necessary to compare the costs of all the modifications 
of percolating filters and contact beds of which there are examples, but have confined 
our comparion to percolating filters of coarse material, nine feet deep, and contact. beds 
composed, for the most part, of medium-sized material, but having rather coarse 
material round the drains and a layer of fine material on the surface. 


Mr. G. B. Kershaw, our Engineer, has prepared detailed drawings of the two kinds of 
filter, when used in conjunction with each of five different tank treatments, and, from 
these drawings has taken out quantities. The filters are all assumed to have been con- 
structed on the same basis. The concrete flooring for the percolating filters, for example, 
has been assumed to be practically the same thickness as the concrete flooring for the 
contact beds, and the cost of concrete has been taken at a fixed price throughout. 
The class of work has been taken to be of the best kind, the walls and the floors of the 
contact beds, for instance, being made thoroughly water-tight by rendering with cement. 
It is due mainly to this fact that our estimates for the cost of contact beds are high. 
At some places a cheaper form of construction than we have assumed has been 
adopted. At Burnley, for instance, no concrete was used, and the beds, which are 3 feet 
in depth, cost approximately £1,300 per acre. At Manchester, where concrete was 
used, but where no rendering was done, the cost amounted to between £2,500 and 
£3,000 per acre for beds of the same depth. In Mr. Kershaw’s estimates, the cost is 
about £5,700 per acre. : 


_ 167. The working capacities of both contact beds and percolating filters depend to 
a large extent upon the strength of the liquor passed on to them and the amount of sus- 
pended matter contained in such liquor. In the following table, the strength of the tank 
hquor which is produced from our hypothetical sewage by each of the five preliminary 
processes, the amount of suspended matter in the liquor in each case, and the rate of 
filtration in each type of filter, are given :— 








* This would generally be equivalent to about 10 or 12 parts per 100,000 of “ oxygen absorbed ” in 
four hours from strong permanganate. 
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Strength of | *Contact Beds. *Percolating Filters, 
Tank Liquor, . Gabis ii 
stated in ub1c 
arts} | ‘Content | Content of 
weight be amount off, of Filtering | Rate of Fil-| Filterin 
oxygen per uspended | Rate of Fil-|/ “Material | tration per Material 


Matter in 


Preliminary ‘Process. 
. + |. 9900,000  rsiite Liquor 


tration per | required to |» cube,yard | required to 


required for cube yard |. treat one. jper day (dry; treat one ~ 





the oxidation | eat per day million weather |. million 
of the 120). (dry weather gallons per | _ flow). gallons 
organic flow). day (dry re per day. 
matter, “|: weather » ovr \(dry weather 
flow). flow). 











Gallons. Cubic yards.| Gallons. | Cubic yards. — 





Quiescent settlement, with 50 1 to 4 140 7,143 175: 5,714 
chemicals. . 

Continuous flow settlement, 60 3 to. 6 85 11,765. 150 6,666 
with chemicals, ao “ae 
Quiescent settlement, with- 70 5 to 8 55 18,182 100-125 8,928 

out chemicals, 
Continuous flow settlement, 80 10 te 15 | ores 140° ~»25,000.- ‘| » -75+100 11,494 


without chemicals. 
Septic tanks. + 2 “ 180.0 tpe-b0 to 15 40 25,000 > 752100 11,494 














Initial Cost of Contact Beds and Percolating Filters. 


168. The following table gives Mr. Kershaw’s estimates of the constructional cost of 
percolating filters. and contact beds.required to treat a dry weather flow of. 1,000,000 
gallons per day-of our hypothetical sewage on the above basis. . The estimates include 
the s sum of 15 per cent. for engineering and contingencies. 








Preliminary Process. Contact Beds. Percolating Filters. 
F £ 
Quiescent ‘settlement, with chemicals - - - - 8,527 Me SAS. RTS 
Continuous flow settlement, with chemicals - - : "14,898 8,836 
Quiescent settlement, without chemicals - a - ~ 22,080 10,596 
Continuous flow settlement, without Euan - - 26,846 13,824 
Septictanks =. -°> - as - 26,846 } 13,824 





The ‘principal items in the estimates for both kinds of filters are: filtermg medium, 
concrete in walls and floors and rendering ; and excavation in the case of the contact beds. 
The figures for these items are given in the following tables :— 
Contact Beds. 




















Cost of — oie 
Préliminary Process. ° ~ '” Filtering eraiee gaan ee of: .} E Cost of 
Riernei Mediuu, oors an endering. xcavation. 
Walls. 
£ £ £ £ 
Quiescent settlement, with chemicals ~ « - 3,77 2,545 - 675 Single set of 
i . ~~ -\'beds; very little 
excavation. 
Continuous flow settlement, with chemicals — - 3,545 3,882 1350 885 
Quiescent settlement, without chemicals - - 5,431 5,461 1,650 1,204 
Continuous flow settlement, without chemicals. aoa 7,038 2,171 1,722 
Septic tanks “te - - 2 sf coe aes 7%,231 7,038 2,171 1,722 -3 


* The quality of the effluents produced by the ten plants would, of necessity, not be identical. The 
average quality as expressed in terms of oxidizability of effluent (see paragraphs 178 and 179) would be 
something like +2 for the double contact effluents and—2 for the percolation effluents. 

T In the case of quiescent settlement with chemicals, we have allowed for single contact only ; in the 
other cases, for double contact. 

i We have assumed in our “hypothetical case that the primary beds are practically out of ground, 
and that excavation is required only in the case of the secondary beds. 


Preliminary Process. 


Quiescent settlement, with chemicals 


Continuous flow settlement, with chemical .... - 


Quiescent settlement, without chemicals. - 
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Percolating Filters. 








Continuous flow settlement, without chemicals - - = - 


Septic tanks 


- - = = 


e 


Effluent Settling Tank. 


* 


Gast of 5 Cost of | 

lilieern oncrete 1n 

Me i Floors and 
: Walls. 

£ £ 

1,951 2,617 
= - 2,431 3,271 
- - - 4,375 5,889 
5,833 7,851 
3 2 hs « 5,833 7,851 











Cost of 
Rendering. 


169. In our hypothetical case, a tank is provided for the settlement of the effluent 
from the contact beds, as well as from the percolating filters. 
the case of coarse percolating filters for the settlement of the effluent solids; and in the 
case of the contact beds we have assumed that a tank was required for the purpose of 
rendering the discharged liquid uniform in quality, and thus: preventing the possible 
discharge of a putrescible effluent during the first flush, and, more especially, of 


putrescible solids. 


Some means are needed in 


The effluent tank is of the Dortmund type, having a capacity of 


about 84,000 gallons, so as to provide for a stay in the tank of about two hours in each 


ease, 


170. 


We have taken the price of land throughout at £100 per acre. 





Loan Charges, 


The total cost of this tank is calculated to be £682. 


The following table gives the area and the assumed cost of the land occupied 
by the installations. 


Preliminary Process. 








Contact Beds. 





Percolating Filters. 














: Land | Land 

required | Pas oe required wee Pe 

(acres). | : (acres). ; 
£ Loe ed: 
Quiescent settlement, with chemicals - - 1:26 126 0°73 #36 0 
Continuous flow settlement, with chemicals - 2°03 203 0-91 91 0 0 
Quiescent settlement, without chemicals-. - - 3:21 321 1-095 109 10 0 
Continuous flow settlement,-without chemicals. | =. 4:18 u418> 1°46 146 0 0 
Septic tanks : : - 4°18 418 1-46 146 0 0 
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Assuming that the loan is raised at 34 per cent. interest per annum, and is repayable 
in equal annual instalments over a period of thirty years, the annual loan charges on the 
complete installations would be as follows :— | 





Contact Beds. Percolating Filters. 




















Loan charges in respect of 
Loan charges in respect of|Percolating Filter Installation 
Preliminary Process. Contact Bed Installation. [including charges in respect 
of sprinklers. 
op, —-«| Per million |) yp... Pema 
ee gallons (dry ile gallons (dry 
"__|weather flow). ‘ _|weather flow). 
Lo BOS. | Ee has rene brs 8. idee £aneds 
Quiescent settlement, with chemicals -. +1 $07 3 910 1 9-10 | 47m oe 1 510 
Continuous flow settlement, with chemicals |) 858° 4° O12 7 OW seee ee 110% 
Quiescent settlement, without chemicals- -* -11,255 2 9} 3 8 9 | 662 9 2 tora 
Continuous flow settlement, without chemicals -/1,519 6 3/ 4 3 38 | 854 8 5 26-10 
Septic tanks -  - =e =e -|1,519 6 3| 4 3 38 | 854 8 5 2 6 10 








Labour and Supervision. 


171. For the contact bed installations, we assume that the services of two men 
(one for the day and one for the night) would be required, and for the percolating filter 
installations, the services of one man. 


Taking the labourer’s time at 21s. a week, and including one-third of the manager’s 
time at a salary of £130 per annum (say, £43), the cost of labour and supervision in con- 
nection with the installations would be as follows :— 











Contact Beds. Percolating Filters. 
Preliminary Process. Per million Per million 
Per annum. | gallons (dry | Per annum. | gallons (dry 
weather flow). weather flow). 

£ Acateadl. £ ee, | 
Quiescent settlement, with chemicals - - - 152 8 4 98 5 43 
Continuous flow settlement, with chemicals - - 152 8 4 98 5 44 
Quiescent settlement, without chemicals — - - 152 8 4 98 5 4k 
Continuous flow settlement, without chemicals — - 152 82 hd 98 5) ees 
Septic tanks . - - - - - 152 8 4 98 5 44 





Cost of washing and renewing Filtering Medium. 
Contact Beds. 


172. According to the evidence, which is dealt with in another part of this Report, 
we find that the average cost of removing, washing, replacing, and making good the 
material of a contact bed, by machinery, is about 1s. 64d. per cube yard, exclusive of 
cost of washing plant. — 


In the present calculations we assume that the cost per cube yard of washing, etc., 
is ls. 7d., and that the material in the primary beds would require washing every four 
years, and that in the secondary beds every ten years. 


On these assumptions, one acre of primary beds, 3 feet deep, would cost £383 every 
four years for washing and renewal, or about £96 per annum ; and one acre of the secondary 
beds, £383 every ten years, or £38 6s. per annum. 
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Percolating Filters. 


173. So far as our experience of percolating filters of coarse material has gone, we think 
it may be taken that the material of these filters will last for a very long period of time, 
if a few inches on the top of the filter are removed and renewed occasionally. At Accring- 
ton, Rochdale, and York, beds of this kind, constructed both of coke and clinker, have 
been in constant use for eight years. At Horfield a clinker bed, dismantled after five 
years’ use, was found to be in almost the same condition as when it was started. We 
do not propose, therefore, to add anything to the cost of our percolating filter installations 
for washing and renewal of material. 


Plant special to Percolating Filters. 


174. We have assumed that the life of rotary sprinklers treating domestic sewage is 
ten years, and have therefore calculated the loan charges on this period. 


At Accrington the annual cost of repairs to an automatic rotary sprinkler, taken 
over a period of three years, was found to average 18s. 4d. In our calculations, we have 
taken the cost of repairs at £1 per sprinkler per annum. 


The following table shows our estimates of the cost of washing contact bed material. 
and, in regard to percolating filters, the sums required for repairs and loan charges in 
respect of sprinklers -— 





Contact Beds. Percolating Filters. 








Cost per Annual Loaf |Loan Charges | 








Annual linn Cost of 
Charges in : Charges in | in respect of Repairs to 
Preliminary Process. respect of gallons * respect of Sprinklers ae Spnaklars 
Washing | "Per ° Sprinkiers | per million vd per million 
andes: ee based on a allons Did ee ne gallons (dr 
newal of Ee ten year ary weather pPorre author 
Bed newal of y A oe fl fl 
eds. Rode period. ow). ow). 
at Son fl ae reer. d. Bend: £ d 
Quiescent settlement, with |141 2 5 veal 28 17° 2 i ar 4 24 
chemicals. 
Continuous flow settlement, |169 8 6 oo sO; 1 6 2 0 Hy) 3} 
with chemicals. 
Quiescent settlement, with- |266 10 1] 14 7 43 5 .9 2 44 6 33 
out chemicals. 
Continuous flow settlement, |360 18 4] 19 9 57 14 5 oul, 8 54 
without chemicals. 
Septic tanks - - |3860 18 4] 19 9 57 14 5 one 8 54 
_% 














Total Cost for Filtration alone. 
175. The total cost of the contact bed and percolating filter installations, including 
loan charges, labour and supervision, etc., according to the foregoing calculations, would 
be as follows :— 


Contact Beds. Percolating Filters. 





Preliminary Process. 


Quiescent settlement, with chemicals - 


Continuous flow settlement, with chemi- 


cals. 


Quiescent settlement, without chemicals 


Continuous flow settlement, without 
chemicals. 


Septic tanks 


Per Annum. 


Eee arts Ce 
800 16 27 
1,179 12 6 


1,673 12 10 
2,032 


2,032 4 7 


Per Million 
Gallons (dry 


Gast a 
yaad a Na 
ois che 


& Fist. e 
51l 4 


Dp ld aed 





* Single contact assumed in this case. 


weather flow). 


Per Annum. 


Psi 
BT IS 1987 
661 11 


ist) 


766 
960 8 5 


Ne} 
~~) 


960 8 5 





Per Million 
Gallons (dry 


weather flow). 


Lg 
baht oka 
beak Orns 
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Total Cost of Complete Treatment. 


176. The total cost of each of the preliminary processes has been shown in another 
part of this Report. Adding this to each of the filtration processes, we arrive at the 
following figures for the total ¢ost of the complete treatment of a dry weather flow of 
1,000,000 gallons of sewage per day. | 


Per Annum. 















































Contact Beds. Percolating Filters. 
Preliminary Process. Total Cost of | Total Cost | Total Cost |Total Cost of | Total Cost | Total Cost 
Preliminary | of Filtration | of Complete | Preliminary | of Filtration | of Comp'ete 
Treatment. | Process. | Treatment. | Treatment. Process. Treatment. 
£8 O.) o& 38. oddebe ts; tab bolosA &ieboeeee eee ee: 
Quiescent settlement, with |1,258 0 9} 800 16 2*/2,058 16 11|1,258 0 9| 572 19 7)1,831 0. 4 
chemicals. 
Continuous flow settlement, |1,134 19: 11.|1,179% 12: 0612,814 12) 5/1,134°19°11] 661 Tl °3/1,796 11 2 
with chemicals. 
Quiescent settlement, with- | 724 7 911,673 12 10/2,398 0 7| 724 7 9| 766-9 °2/1,490 16 11 
out chemicals. ; i 
Continuous flow settlement, | 564 12 8/2,032 4 7/2,596 17 3] 564 12 8) 960 8 5j1,525 1 1 
without chemicals. 
~ 
Septic tanks = - 2 629 +4 TEVD032' "4" -7 12.6615.9 36)° 629° 47°11) 960 8 SE aeo ia 
Per Million Gallons (dry weather flow). 
Contact Beds. Percolating Filters. 
Preliminary “Process. ' - iTotal Cost of| Total Cost | Total Cost /Total Cost of| Total Cost Total cost 
Preliminary | of Filtration | of Complete | Preliminary | of Filtration | of Complete 
| Treatment. Process. | Treatment.| Treatment.| Process. | Treatment. 
odes | 
£8. a. £8. od, H “sp xd. £- werd. EL ' seevd.agohh Sires de 
Quiescent settlement, with | 3 8 11 2 43011 Feo 12510 3. Oc & | ae Ee 0 4 
chemicals. ; 
Continuous flow settlement, 3 2 2 Pe ew 6 6 9 sae hae 1 lGo33 4°18 »5 
with chemicals. 
Quiescent flow settlement, | 119 8 4-11 8 611 4 1 1937-3 2 Sot 4 pet 
without chemceals, 
‘Continuous flow settlement, 1--10..J¢-|....5—}1.—-4 T7938 10st 212 aap Soa | 
without chemicals. 
Septic tanks - - si vel tthe 26 BS clile FA id SalO 114 6 21198 4G 2 











177. On the basis which we have adopted, purification of sewage (after preliminary — 
treatment) by means of percolating filters costs only about two-thirds as much as 
purification by double contact beds. 

Where, however, the sewage has first been subjected to quiescent settlement, with 
chemicals, and single contact is. sufficient to produce a satisfactory effluent, the cost 
becomes more nearly equal, though percolating filters are, even'in that case, slightly 


cheaper. 


The cost depends, of course, very largely on the kind of construction adopted. 

Our estimates for the cost of double contact beds per acre, 3 feet deep, including 
filtering material, concrete, rendering, drains, distribution channels, engineering and 
contingencies, etc., amount approximately to £5,700 per acre. 
by simple excavation and banking, as is permissible in heavy clay soil, the cost would be 
very considerably reduced. 

We have taken the price of filtermg material at 6s. per cube yard, placed in 
position in the beds, which may be considered a fair average, though evidence shows 


the price has in some cases been much lower. 


If the beds were built 


Since this item alone amounts to. 


about £1,396 per acre, 3 feet deep, it is at once apparent how largely the price of filtering 
material influences the cost of treatment. 








*Single contact assumed in this case. 
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RELATIVE -EFFICIENCY OF CONTACT: BEDS AND PERCOLATING 
FILTERS. 


178. Sewages vary in composition, not only in regard to the degree of dilution to 
which they are naturally subjected, but also in regard to the proportion in which different 
kinds of organic matter are present in them, and we are not aware of any really accurate 
method by which the work done by different filters, treating different sewages, can be 
compared. 


We have, however, found it convenient to adopt, for the purpose of comparing the 
results obtained at different places, a unit of purification, which is based on the oxidiz- 
ability of the sewage and the oxidizability of the filtrate, after giving credit for the oxygen 
contained in the effluent in the form of nitrate. 


This basis for a unit was suggested by Dr. McGowan. 


The unit of time we have taken as 24 hours, the unit of quantity as 1 gallon, and the 
unit of filtering material as 1 cubic yard. 


_ Thus, to express:the number of units of purification effected by a filter, we have 
deducted the number of parts by weight of oxygen taken up by 100,000 parts of the 
effluent from the filter, from the number of parts by weight of oxygen taken up by 100,000 
parts of the liquor going on to the filter. The figure so obtained has been multiplied 
by the number of gallons of liquor, per cube yard, passing through the filter in 24 hours. 


179. In his Memorandum* on the measurement of the strength of sewage, Dr. McGowan 
has set out reasons for adopting a formula, by which the figure representing the 
number of parts of oxygen which the sewage will take up can be calculated, with a fair 
degree of accuracy. 


For the purpose of ascertaining the number of parts of oxygen which an effluent. 
will take up, Dr. McGowan has also suggested that, in lieu of carrying out the actual 
experiment of keeping an effluent until it has become completely oxidized, and 
actually measuring the amount of oxygen taken up, the amount may be approxi- 
mately arrived at by a calculation based on other figures of analysis. The formula 
which he suggests is: . 


(Ammoniacal V. + Organic NV.) x 4:5 + Volatile matter of suspended solids x 2 — Nitric Nitrogen x 3, 


As regards this formula, it is well known that the better an effluent is oxidized, 
the less change will it undergo on keeping. The work of Dr. Adeney and others has. 
shown that, in the case of good effluents, the figure for organic nitrogen would repre-. 
sent, for the most part, organic matter which had undergone fermentation, and in con- 
sidering the quality of such effluents, e.g., with reference to their elect on streams, we. 
think the figure may generally be neglected. 


one 


It is, however, open to question whether, in calculating the work done by a filter,. 
it is not better to include the figure inasmuch as the whole of tke organic nitrogen of 
liquor going on to the filter has been taken into account in calculating, by the empirical 
formula given on page 16, the strength or oxidizability’ of that liquor. 


The point is further discussed in the report by Dr. McGowan and Mr. Colin Frye on 
the estimation of work done by filters which is contained in Appendix IV. 


_ Until the calculation method has been compared with the results of direct experiment 
in a large number of cases, no precise statement as to its value can be made, but we have 
found it convenient to adopt it in the preparation of this Report. 


On this basis the following table has been compiled showing the units of purification 
effected by the filters at the placesindicated. —~ 


* Appendix IV. 
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ACCRINGTON EXPERIMENTS. 


180. For the purpose of making an accurate comparison of the working power of 
contact beds and percolating filters treating the same sewage liquor, and also for com- 
paving the treatment of strong and dilute tank liquors on each form of filter, we constructed ~ 
an experimental plant at the Accrington Sewage Works. 


The plant consisted of two pairs of exactly similar contact beds, 3 feet deep, apd two 
exactly similar percolating filters, of rather. coarse material, each 6 feet deep. 


The cubic contents of each percolating filter was equal to that of each pair om contact 
beds. 


The details of these experiments are set out in a Memo: iaan by Dr. McGowan 
and Mr. Colin Frye, contained in Appendix IV. 


The experiments were carried out with great care, both on the spot and in the labora- 
tory, and the results may be regarded as quantitative comparative results, from which w we 
think useful generalisations may be drawn. 


For the construction of the filters we are greatly indebted to Mr. Wise J Newion 
the Surveyor to the Accrington and Church Sewage Board, while Mr,. J. Boothman, 
the Chemist in charge at the outfall works, has controlled their daily working. The 
delicate adjustment of the dilutions of the tank liquor, upon which the whole value of 
the experiments depends, has been carried out by Mr. Boothman with the se care 

and skill, and with consistent success. 


The liquor treated throughout has been the Accrington septic tank liquor, either ~ 
by itself or diluted with water. 


Our intention had been to treat at the same rate on the percolating filters and the 
contact beds, but as will be seen, it was not practicable to do this. 


181. There were five experiments in all, as follows :— 


Experiment I.—Comparative treatment on percolating filters and contact beds of 
{a) 100 gallons per cube yard per 24 hours of septic tank liquor and (6) 100 gallons 
of septic tank liquor + 100 gallons of water = 200 gallons of weak liquor, 


The actual average rates of filtration on the two pairs of contact beds were 72°2 and 
148 °8 gallons per cube yard per day, respectively, the beds treating strong liquor being filled 
twice a day and those treating weak liquor four times a day. Broadly speaking, there- 
fore, the contact beds only treated in this experiment three-fourths of the volumes 
treated by the percolating filters. This was owing partly to the original water 
capacity being less than 100 gallons per cube yard, and partly to their gradual loss of 
capacity. At the commencement of the experiment two fillings per day on the pair of 
contact beds treating strong liquor were equivalent to 90 gallons per cube yard, and four 
fillings per day on the pair treating weak liquor were equivalent to 179 gallons. 


Duration of experiment :—May 5th, 1905, to June 30th, 1906. 


Experiment II.—Comparative treatment on percolating filters and contact beds 
“of (a) 100 gallons per cube yard per 24 hours of septic tank liquor and (bd) of 50 
gallons of septic tank liquor + 50 gallons of water = 100 gallons of weak liquor, 


The actual average rates on the contact beds were 51°6 and 57°9 gallons per cube yard 
per day, respectively, 
Duration of experiment: July 2nd, 1906, to March 23rd, 1907. 


Experiment III,—Comparative treatment on percolating filters alone of (a) 125 gallons 
per cube yard per 24 hours of septic tank liquor and (b) 125 gallons of septic tank liquor 
+ 125 gallons of water = 250 gallons of weak liquor. 


Duration of experiment :—April 8th to June 7th, 1907. | 
Experiment IV.—Comparative treatment on percolating filters alone of (a) 200 


gallons per cube yard per 24 hours of septic tank liquor; and (b) 200 gallons of septic 
tank liquor+200 gallons of water=400 gallons of weak liquor. 


Duration of experiment :—June 10th to October 26th, 1907. 
Experiment V.—Comparative treatment on percolating filters alone of (a) 250 gallons- 


per cube yard per 24 hours of septic tank liquor ; and (b) 250 gallons of septic tank liquor 
+250 gallons of water=500 gallons of weak liquor. 


Duration of experiment :—October 28th, 1907, to June 18th, 1908. 


lll 


The main object of these last three experiments, besides the further comparison 
between the purification of the two liquors, was to see how much these filters can actually 
treat, with the production of a good effluent. 


The following is a general] summary of the results of these experiments :— 


182. Accrington Experiment. I.—The percolating filters of coarse material effected 
practically the same amount of purification, whether they were treating 100 gallons per 
cube yard of undiluted septic tank liquor, or 200 gallons per cube yard of a liquor of half 
the strength, the total organic impurity going on to the filters being the same in: both 
cases. 


The primary contact bed, when the pair of beds were treating about 150 gallons 
of weak liquor per cube yard per day, gave rather better results than the primary bed of 
the pair treating strong liquor at half this rate, and the same is true, in each case, of 
the secondary beds. So long, therefore, as care is taken to avoid water-logging, 7.e., to 
give the beds sufficient time to drain and aerate, it is rather easier to treat upon contact 
beds two volumes of weak liquor than one volume of strong liquor. 

During the fourteen months over which this experiment. extended, the percolating 
filters treating strong liquor did one and a half times as much work as the contact beds 
treating strong liquor, while the percolating filters treating weak liquor did one and a 
third times as much work as the contact beds treating weak liquor. 

The units* of purification were as follows :— 











Units of Purification 
per cube yard. 








Percolating filter treating strong tank liquor - —- 7,310 
Double contact beds treating strong tank liquor : 5,011 
Percolating filter treating weak tank liquor - . 7,678 
Double contact beds treating weak tank liquor - : 5,803 








As regards the quality of the two strong liquor effluents, suspended solids included, 
the results were slightly in favour of the percolating filter effluent, which still required 
12 parts of oxygen per 100,000 for its complete oxidation, while the contact bed effluent 
required 16 parts. If we elimenate the solids in both cases, the oxidizability of the liquid 
alone would be approximately represented by 2 parts of oxygen in the case of the percolat- 
ing filter effluent, and 8 parts in the case of the contact bed effluent. This superiority 
of the percolating filter effluent, so far as lesser oxidizability is concerned, was partly due 
to the fact that it contained 2°4 parts of nitric (plus nitrous) nitrogen, as against 1 part in 
the contact bed effluent ; but even apart from this, it was rather the better, the actual 
oxidizable matter left in the liquid being equivalent to about 8°5 parts of oxygen, while 
that in the contact bed effluent was equivalent to about 10 parts. 


In the case of the two weak liquor effluents, suspended solids included, the results 
were in favour of the double contact bed effluent, which only required 4 parts of oxygen 
for its complete oxidation, as against 9°5 parts for the percolating filter effluent. If 
we eliminate the solids, there was practically no difference in the quality of the two effluents, 
both of them being well oxidized. If both solids and nitrate are eliminated, the double 
contact bed effluent is again rather the better, with an oxidizability figure of 4, as against. 
6°5 for the percolating filter effluent. 


The above figures may be tabulated as follows :— 




















Effluents from Strong Effluents from Weak 
Tank Liquor. Tank Liquor. 
F Double . Double 
Percolation. Gate Percolation. Contact; 
- ~ Oxidizability of whole effluent, including solids Parts of | oxygen per |100,000 parts | of effluent. 
and giving credit for nitrate - - : 12 16 9°5 4:0 
Oxidizability of’effluent, without its suspended 
solids, and giving credit for nitrate —- - 2 8 2:0 2-0 ap. 
Oxidizability of effluent, without solids, and giving 5 
no credit for nitrate  - - - - - 8°5 10 6:5 4-0 








* The units of purification are calculated on the basis indicated on page 107 of this Report. 
{ Oxidizabi'ity calculated on the formula suggested by Dr. McGowan (see paragraph 179, page 107). 
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The quality of the effluents without their suspended solids, as regards taking up of 
dissolved oxygen in 24 hours and incubation, is shown by the following figures :— 


Parts per 100,000. 




















Effluents from Strong Effluents from. Weak 
Tank Liquor. Tank Liquor. 
: Double . Double 
Percolation. Contac Percolation. Cantactl 
Dissolved oxygen taken up from water in 24 hours | 0°30 (22) 7 0:28 (21) 
at about 18° C. (65° F.) - - - - | 0°37 (12) 0°61 (11) 0°30 (11) 0°31 (10) 
Incubation (by smell) - - - - - - | All passed | All passed | All passed | All passed 
(25). Ly: (21). (10). 


Figures in brackets represent number of estimations. 


183. Accrington Experiment II.—In the comparative treatment, wpon the percolating 
filters of coarse material, of 100 gallons of strong and 100 gallons of weak tank liquor, 
respectively, nothing was gained in purity of effluent by giving the filter treating the weak 
liquor only half the work to do ; this filter was merely working much under its real power, 


It was noteworthy that in Experiments I. and II. the actual efficiency of the contact 
beds (treating both strong and weak tank liquor), as regards work done per cube yard, 
remained the same throughout. In both experiments about two-thirds of the impurity 


of the septic tank liquor was removed by the primary bed, whether strong or weak liquor 
was being treated. 


In Experiment II., which lasted for eight months, the percolating filter treating 
100 gallons per cube yard of strong liquor did more than twice as much actual work as 
the double contact beds treating 51°6 gallons with two fillings per day ; the reason for this 
increasing difference in work done, as compared with Experiment I., was the gradual loss 
of capacity in the contact beds, 


The units of purification in Experiment II, were as follows :— 




















Units of Purification 
per cube yard. . 
Percolating filter treating strong tank liquor - - - - - - - | 8,440. 
Double contact beds treating strong tank liquor - - - - - =e 3,576 
Percolating filter treating weak tank liquor - - - - - : - | 4,120 
Double contact beds treating weak tank liquor _ - - - - - - 2,200 





The quality of the effluents was as follows :— 





Effluents from Strong Tank Effluents from Weak Tank 
Liquor. Liquor. 





Percolation. | Double Contact.| Percolation. | Double Contact. 











Parts of oxygen per 100,000 parts of effluent. 
Oxidizability of whole effluent including 


solids, and giving credit for nitrate- —- — 3-2 14:0 -0°7 4°2 
Oxidizability of effluent, without its sus- 
pended solids and giving credit for nitrate — 6-2 5°8 —3°3 0-2 


Oxidizability of effluent, without solids and 


giving no credit for nitrate - - 3°6 | haf 2°4 3°2 





Nore.—The minus sign indicates that the oxygen present, in the form of nitrate, was, to the extent of the 
figure against which it is placed, more than sufficient to oxidize the organic matter in the effluent. 
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The quality of the effluents—without their suspended solids—as regards taking up 
of dissolved oxygen and incubation, is shown by the following figures :— 





Effluents from Strong Tank | Effluents from Weak Tank 
Liquor. Liquor. 





Percolation. | Double Contact.| Percolation. | Double Contact. 





Parts per 100,000. 


Dissolved oxygen taken up from water in 24 


hours at about 18° CC. - ‘ - - 0-03 (4) 0°12 (4) 0:07 (4) 0°10 (4) 
Dissolved oxygen taken up from water in 5 
or6days - - mic Merk, bed 0:49-(3) 1-70 (3) 0:33 (4) 1:0 ap. (3) 











Incubation (by smell) “ats - \ - |All passed (8)| All passed (8) | All passed (8)| All passed (8) 





The capacities of the contact beds were as follows :— 











At beginning At end of Ton of Pornantacn 
of Experiment, | Experiment, capacity in hae nee 
ide add Gallons. water capacity. 
gallons, gallons. 
Primary bed treating strong tank liquor 735 640 95 8 per cent. 
Secondary bed treating strong tank liquor 1,030 970 60 PAN, 
Primary bed treating weak tank liquor - 780 750 30 Sue, 
Secondary bed treating weak tank liquor - 950 890 60 — 6 ze 











As already stated, the actual volumes of liquid treated per cube yard per twenty-four 
hours throughout Experiment II. were :— | 


Percolating filter treating strong tank liquor - 100 gallons, 
Double contact beds treating strong tank liquor - 51:6 
Percolating filter treating weak tank liquor - 100 

Double contact beds treating weak tank liquor - 57°9 


99 
99 


99 


The contact beds thus treated only about half as much liquor, in both cases, as the 
percolating filters. 


184, Accrington Hxperiment III.—In this experiment, which lasted from April 8th 
to June 7th, 1907, the percolating filter treating strong liquor received 125 gallons per 
cube yard per day and that receiving weak liquor 250 gallons per cube yard per day. It 
was thus similar to Experiment I, but with an increased dose in the case of both filters, 
the object being to see how much the filters could actually treat with efficiency. Owing 
to the wet season, however, the strength of the liquors in this last experiment was less than 
in Experiments I and II, thus :— 





Calculated Strength. | Suspended Solids. 














SirOMm taniQUOR yA t tel as 73:2 20:1 
Weak tank liquor’ - - - - - - = - - 40°7 10:3 





- The suspended solids in the filter effluents were rather high, on account of the “ spring 
out-flush,”’ * 


The purification obtained was as follows :— 








Units of Purification per 





cube yard. 
Percolating filter treating strong tank liquor —- - : : - - 8,050 
Percolating filter treating weak tank liquor - : F - : x nes 9,225 








* As is now well known, large quantities of suspended solids usually come out in the effluent from a 
percolating filter of coarse material in the late spring, with the advent of the warmer weather. This appears 
to be due to the development of worms, larve, etc., in the interior of the filter at this time. The same thing 
has been observed, though in lesser degree, in the case of percolating filters of fine material and also 
contact beds. 
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___The quality of the two effluents is shown by the following figures :— 





Effluents from Effluents from 
Strong Tank Liquor. | Weak Tank Liquor. 








Parts of orygen pe 100,000 parts of 





effluent. 
Oxidizability of whole effluent, including solids and giving credit 8°8 3°8 
for nitrate. 
Oxidizability of effluent, without its suspended solids and giving — 2:2* — 1:4* 
credit for nitrate. 
Oxidizability of effluent, without solids and giving no credit for 4:8 2:7 
nitrate. 








The quality of the effluents—without their suspended solids, as regards taking up of 
dissolved oxygen and incubation—is shown by the following figures :— 








Effluent from Effluent from 
Strong Tank Liquor. | Weak Tank Liquor. 











Dissolved oxygen taken up from water in 5 days at 18° C. - 0°62 (5) 0°84 (5) 
All passed (5) All passed (5) 


Incubation (by smell) - 4 : : Brat : 








eHOn effluents were theretore very We ik an apart from their suspended solids, there 
was practically nothing to choose between them, It will be noted that the filter treating” 
weak liquor was receiving a liquor a little more than half as strong as the other (calculated 
strength—40°7, as against 73°2 for the strong liquor). 


Owing to the strong liquor being less concentrated in this experiment than in the 
two preceding ones, the actual work done on the filter. treating strong liquor was only 
8,050 units per cube yard per 24 hours, but im the case of the filter treating weak liquor 
it was 9,225 units. 


185. Accrington Experiment I1V.—In this experiment, which lasted from June 10th 
to October 26th, 1907, the percolating filter treating strong liquor received 200 gallons 
per cube yard per day, and that receiving weak liquor 400 gallons per cube yard per day. 
It was thus similar to Experiments I. and III., but with a further increased dose in the 
case of both filters. The calculated strengths of the tank liquors in this experiment 
were almost the same‘as in the preceding one, but the suspended solids were less in 
amount, thus :— 





Calculated Strength.| . Suspended Solids. 





Strong tank liquor - - : - : - - - lest 74:1 13:5 
Woaak tank (QUOT So ge ee te pee oe 39°6 





The weak liquor filter was again treating a liquor which was rather more than. half 
as strong as the other. 
The purification obtained was as follows :— 








Units of Purification 
per Cube Yard. 











15,160 © 


Percolating filter treating strong tank liqnor - - -~ - 14,309 
Percolating filter treating weak tank liquor —- - 








- The quality of the two efflients is shown by the following figures :— 

















Effluents from Effluents from 
- Strong Tank Liquor.) Weak Tank Liquor. 
Parts of oxygen per 100,000 parts of 
effluent. 
Oxidizability of whole effluent, uate solids and geraees we 
for nitrate . 2°6 27 
Oxidizability of effluent, without its suspended solids ‘and giving . 
credit for nitrate - - — 3°8* —3:1*_ 
Oxidizability of effluent, wahous solids and ring no ec ie . 
nivrate - - - . . 4-4 2°3 


* The minus sign indicates that the oxygen present, in the form of nitrate, was, to the extent of sgh 
figure against which it is placed, more than sufficient to oxidize the organic matter im the effluent. — 
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The quality of the effluents—without their suspended solids, as regards taking up of 
dissolved oxygen and incubation—is shown by the following figures :— 

















Effluent from Strong | Effluent from Weak 
Tank Liquor. Tank Liquor. 
Dissolved oxygen taken up from water in five days at 18°C. - 0:56 (9) 0°49 (9) 
Incubation (by smell) — - - . - - : : - All passed (9) All passed (9) 





Here, again, both effluents were well oxidized and good, and there was little to choose 
between them. If anything, they were rather better oxidized than the corresponding 
effluents in Experiment III. (notwithstanding the lesser volumes treated in that case), 
as judged by the dissolved oxygen taken up by the paper-filtered effluents in five days. 
This was probably due to the fact that more of the warm summer months were included 
in Experiment IV.; and that the spring out-flush of solids took place during 
Experiment III. 


The work done on the filter treating strong liquor was 14,300 units, and on the filter 
treating weak liquor 15,160 units. 


186. Accrington Experiment V.—In this final experiment, which lasted from October 
28th, 1907, to June 18th, 1908, the percolating filter treating strong liquor received 250 
gallons per cube yard per day, and that receiving weak liquor 500 gallons per cube yard 
per day. The calculated strengths of the liquors treated were a little less than in Experi- 
ment IV., thoug suspended solids were present in rather larger amount, thus :—- 





Calculated Strength.| Suspended Solids. 





Strong tank liquor - - - - - - . ms 69-4 14-4 
Weak tank liquor  - - = - : = : : 4 37-0 rom 








As before, the weak liquor filter was treating a liquor which was fully half as strong 
as the other. 


The purification obtained was as follows :— 








Units of Purification 
per cube yard. 





Percolating filter treating strong tank liquor - - : - - 12,425 
Percolating filter treating weak tank liquor — - : : : - 14,600 











' | The quality of the two effluents is shown by the following figures :-— 








Effluents from Strong| Effluents from Weak 








Tank Liquor. Tank Liquor. 
Parts of oaygen per 100,000 parts 
of effiuent. 
Oxidizability of whole effluent, including solids and giving 
credit for nitrate “ - - - - - - 1977 7:8 
* Oxidizability of effluent, without its suspended solids and 
giving credit for nitrate - - - - TS (fal 2°2 
- Oxidizability of effluent, without solids and giving no credit 
_ for nitrate he - - . : - - - - 10°8 5:0 
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The quality of the effluents—without their suspended solids, as regards taking up 
of dissolved oxygen and incubation—is shown by the following figures :— 











Effluent from Strong | Effluent from Weak 
Tank Liquor. Tank Liquor. 
Dissolved oxygen taken up from water in five days at 18°C. - 2°31 (13) 1:16 (13) 
Incubation (by smell) — - - - = £ - - - { 3 pee (13) All passed (13) 





The effluents in Experiment V. thus show a marked falling off in quality as com- 
pared with those in Experiments IV. and III. Leaving suspended solids out of account, 
the weak liquor effluent is distinctly better, relatively, than the effluent from the strong 
liquor. It will be noted, however, that even in this last experiment, after filtration 
through paper, only two of the thirteen strong liquor effluents failed on incubation, while 
all thirteen weak liquor effluents passed that test. The latter effluents might be described 
as fairly good, but the strong liquor effluents as rather poor. The spring outflush of 
solids again took place during this experiment, which—it must be borne in mind—was 
carried out for the most part in the coldest months of the year. 


The work done on the filter treating strong liquor was 12,425 units and on the filter 
treating weak liquor 14,600 units. 


It was evident, from the appearance of the filters during the progress of Experiment 
V., that they were being overtaxed, especially the strong liquor filter. The concrete 
at the base of the filters gradually became blackened and covered, more or less, with 
grey fungus, while at times the effluents smelt slightly of sewage. 


187. Reviewing shortly the foregoing five experiments, we think that they may be 
taken to show that percolating filters of coarse material, 6 feet deep, can treat a strong septic 
tank liquor (strength 73 to 85) at a rate of 100 to 125 gallons per cube yard per day, or 
a liquor of half this strength at the rate of 200 to 250 gallons, giving from 8,000 to 9,000 


units of purification, and producing at the same time a good effluent (apart from suspended. 
solids). 


Under favourable conditions of summer weather, a strong septic tank lquor 
(strength 74) can be treated at a rate up to 200 gallons per cube yard per day, or a liquor 
of half this strength at a rate up to 400 gallons per day, with from 14,000 to 15,000 units 
of purification and the production of a good effluent. This, we think, is probably the 
maximum work which can be expected from percolating filters of coarse material treating 
ordinary septic tank liquor at a regular rate of flow. 


As regards the question whether it is easier to treat upon percolating filters of coarse 
material one volume of strong septic liquor or two volumes of weak, the organic impurity 
being the same in both cases, there is little difference either in the actual work done by 
the filters or in the quality of the effluents, at rates of working up to 200 and 400 gallons 
per cube yard per day. If any distinction is to be drawn, the advantage lies with the 
filter treating the weaker liquor, no doubt because the natural aeration of the extra volume 
of liquid rather more than counterbalances the quicker rate of flow through the filter. 


-» Apart from complications arising from the presence of large quantities of suspended 


solids (cf. pp. 48 ed. seg.), we think that the above statement with regard to the purification 


of strong and weak septic-tank liquors may be taken to apply also to settled sewage 
and precipitation liquor. ‘ 


Double contact beds will, during their first year of work, at the rate of two fillings per 
day, treat 70 gallons of strong or 150 gallons of weak tank liquor per cube yard per day, 
with 5,000 to 6,000 unjyts of purification for the first year. Their working power will, 
however, gradually fall off as the beds lose capacity. Here, again, it is rather easier 
to treat two volumes of weak than one volume of strong liquor. 
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It is clear from these experiments that, other things being equal, a greater purification 
per cube yard, as measured by the actual amount of oxygen used up, is effected when the 
final product is an imperfectly oxidized effluent. The indications are that, unit for unit, 
the first or carbon stage of the oxidation is, under the conditions of filtration, easier, or at 
least quicker, and therefore presumably requires less expenditure of energy than the second 
or nitrification stage. We may perhaps be able to make some further experiments with 
these filters, to clear up this point, 


At the end of this section (see p. 121) we print in a summarized form tables of the 
results from a large number of places, most of which have been under our own observation. 


GENERAL CONCLUSIONS AS TO THE WORKING PowER OF DIFFERENT TYPES OF FILTER. 


188.—Treatment of Crude or Partially Settled Sewage upon Double Contact Beds. 


The volume of sewage which can be treated by double contact, so as to give a fair 
or good effluent, varies almost inversely as the “strength,” e.g., 24 gallons per cube yard 
per day of sewage with a strength of 164, or 58 gallons of sewage with a strength of 60. 
During the “ economic life ” of the beds, an average of 3,000 to 4,000 units of purification 
per cube yard of filter per day may be looked for in the treatment of crude or settled sewage 
upon primary beds of coarse material and secondary beds of fine material, an effluent of 
fair to good quality being produced. : 


Treatment of Crude or Partially Settled Sewage on Percolating Filters. * 


Broadly speaking, the volume of sewage which can be treated upon percolating 
filters, with the production of a good effluent, depends mainly upon its strength, especially 
if no complications ensue through the choking of the filter and if the filter is working up 
to its full power. Twenty to 25 gallons per cube yard per day of a sewage having a 
strength of about 170, or 60 gallons of sewage with a strength of 60, can be successfully 
dealt with upon filters of medium to coarse material, 2,500 to 3,500 units of purification 
being obtained. iWhen the sewage is well settled, about 100 to 120 gallons of such sewage 
with a strength of about 80, can be filtered per cube yard per day, and 7,000 to 8,000 units 
of purification, or probably even more than this,f obtained. In this case, therefore, 
the process is comparable with the treatment of septic liquor upon percolation filters. 


Treatment of Septic Tank Liquor on Single Contact Beds. 


The volume of septic tank liquor which can be treated by single contact varies almost 
inversely as the strength of the liquor. Single beds of medium to coarse or medium to 
fine material, may be expected to give from 3,000 to 4,500 units of purification, when 
dealing with either strong or weak liquors. If the tank liquor is a weak one, and if the 
material of the bed is fine, this purification will be sufficient to yield a good or fairly good 
effluent, but not otherwise. A weak liquor, of strength 30 to 50, and containing up to 
6 or 8 parts of suspended solids, can in this way be successfully treated at the rate of 
100 to 150 gallons per cube yard per day. As a rule, however, septic tank liquors are 
too strong to allow of one contact being sufficient to give a good effluent. 


Treatment of Septic Tank LInquor on Double Contact Beds. 


The volume of septic tank liquor which can be treated by double contact varies 
almost inversely as the strength. Where the primary beds are of medium to fine material 
a strong liquor of strength 90 may be treated by double contact at the rate of 50 gallons 
per cube yard per day; a liquor of strength 70 at the rate of 70 gallons; and a weak 
liquor of strength 40 at the rate of 100 gallons. From 3,500 to 4,500 units of purification 
may be expected here, with the production of good effluents. 


Treatment of Septic Tank Liquor on Percolating Filters. 


The volume of septic tank liquor which can be treated upon percolating filters varies 
move or less inversely as the strength. A percolating filter of coarse or of medium to 
coarse material, and from 6 to 9 feet in depth, may be expected to give from 7,000 to 








+ Cf. Appendix IV., Report to the Commission on the Dorking Experimental Installation, by E. H. 
Richards (1907). 
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11,000 units of purification when treating either strong or weak tank liquors, and to yield 
good effluents. This would correspond to 80 gallons per cube yard of a strong liquor of | 
strength 113, or 150 gallons of a weak liquor of strength 58. The less coarse the 
material, provided that it can allow the free passage of effluent suspended solids 
through it, the greater is the relative purification per cube yard. : 


Treatment of Precipitation Inquor on Single Contact Beds. 


Our data with regard to this process are rather few, but they indicate clearly that— 
as in the case of settled sewage and septic tank liquor—single contact of precipitation 
liquor from strong sewages is not sufficient to produce a good effluent. The better clarified 
the liquor, the more of it can be treated. The very well clarified liquor at Kingston- 
on-Thames, with a strength of about 50, was treated for over six years upon an experi- 
mental coke bed of medium to coarse material, 3 feet deep, at a rate of 250 gallons per 
cube yard per day (four fillings), giving 10,800 units of purification and producing a fair 
to good effluent. A more dilute tank liquor, equally well clarified, might be treated in 
even larger volume than this, so far as the “ strength ’ was concerned, but it is doubtful 
whether more than four fillings per day would be practicable on a large scale for any length 


of time. . 


Treatment of Precipitation Inqguor on Double Contact Beds. 


We have had no actual experience of this process, which would be applicable to pre- 
cipitation liquors from strong sewages. We should not expect, however, to obtain such 
a high figure for units of purification as in the treatment of medium or weak liquor by 
single contact. Probably about 6,000 to 7,000 units would be the maximum obtainable. 
This would correspond to abovt two to two and-a-half fillings per day of a liquor of strength 
100 or about three to three and-a-half fillings of a liquor of strength 75. 


zB 


Treatment of Precipitation LInquor on Percolating Filters. 


In this case it cannot be said that the volume of precipitation liquor treated per cube 
yard of filter at the different places under observation varied inversely as the strength. 
The main reason for this is that suspended solids can be reduced in most precipitation 
liquors to a very low figure, in which case very fine material may be used for the filtration 
of large volumes. At the places which were under observation the filtering material varied 
greatly in size and the liquors contained very different quantities of suspended solids. 
Nevertheless with material of a given size, strength and volume would, no doubt, bear 
an inverse relation to one another. From the results obtained with percolating filters, 
of coarse and fine material, respectively, we have arrived at the following broad 


conclusions :— Fel 


(a) The volume of precipitation liquor which can be treated upon filters of 
coarse material depends mainly upon the strength of the liquor. 


(b) The volume which can be treated upon filters of fine material depends 
not merely upon the strength, but also to a marked extent upon the degree of 
clarification of the liquor. 


Upon deep filters of coarse material, about 150 gallons of precipitation liquor of 
about average strength (strength 50 to 60) or 200 to 250 gallons of weak liquor (strength 
30 to 40) can be treated per cube yard per day, yielding up to about, 8,000 units of prri- 
fication, and producing a good effluent. Inthe case of very strong liquors the volume would 
probably have to be more than proportionately reduced. 


Upon shallow filters of fine material a clear liquor with a strength of 50 can be treated 
at the rate of 300 to 400 gallons per cube yard per day, giving about 18,000 units of puri- 
fication, and producing a very fair to good effluent. It has to be borne in mind, however, 
that filters of very fine material working at this rate have to be constantly washed and 
scraped. About 500 gallons per cube yard per day would probably be the largest volume 
of any liquor, however weak,/that could be treated on such filters regularly, day by day. 


The rates of treatment which are given in the foregoing paragraphs could generally 
be doubled in times of storm, 
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~ 189. The following tables gives an approximate idea of the purification which can be 
effected by different kinds of filter treating different liquors, so as to produce a fair to good 
effluent :— 


Units of Purification 
per cube yard :— 





Crude or partially settled sewage treated on double contact beds - 3,000 to 4,000 


Crude or partially settled sewage treated on percolating filters - 2,500 to 3,500 
7,000 to 8,000, and 


Well settled ‘sewage treated on percolating filters — - - : - probably up to 11,000 
Septic tank liquor treated on single contact beds - - - - 3,000 to 4,500 
Septic tank liquor treated on double contact beds - - - - 3,500 to 4,500 
Septic tank liquor treated on percolating filters es - : 7,000 to 11,000 
Precipitation liquor treated on single contact beds - : : : Up to 11,000 
Precipitation liquor treated on double contact beds - F ; : Probably up to 6,000 to 7,000 
Precipitation liquor treated on percolating filters :—- 

(a) Filters of coarse material — - - - - - ~ Up to about 8,000 

(b) Filters of fine material - - - - - - : Up to about 18,000 





GENERAL SUMMARY AS TO ConTAcT BEDS AND PERCOLATING FILTERS, 


190. (1)—The amount of sewage which can be purified per cube yard of contact bed or 
percolating filter varies—within practical limits—nearly inversely as the strength of the 
liquor treated, This statement is based on the assumption that the size of the material 
of which the filter is composed is, in each case, suitable to the character of the liquor 
treated, and that the material is arranged at the proper depth to secure maximum efficiency 
(see Paragraph 153, p. 87). 


(2) Taking into account the gradual loss of capacity of contact beds, a cubic yard 
of material arranged in the form of a percolating filter will generally treat satisfactorily 
nearly twice as much tank liquor as a cubic yard of material in a contact bed. 


(3) In the case of sewage containing substances which have an inhibitory effect upon 
the activity of micro-organisms, the working power per cube yard of filter of either type 
may be more nearly equal. This point, however, is not clearly established. 


_» (4) Percolating filters are better adapted to variations of flow than contact beds. 

(5) The effluents from percolating filters are usually much better aerated than the 
effluents from contact beds, and apart from suspended solids, are of a more uniform 
character. On emptying a contact bed, the first flush is usually much more impure 
than the average effluent from the bed. 


(6) The risk of nuisance from smell is greater with percolating filters than with con- 
tact beds. 


(7) Itis also found that with percolating filters, there is nuisance from flies,especially 
with filters constructed of coarse material. In the warmer months of the year, such 
filters swarm with members oi the Psychodidae, which, though appearing to breed and de- 
velop in the filters, may usually be seen in large numbers on the walls of houses and buildings 
close to or on the works, At Accrington and Dorking’a small midge-like fly with a dark 
body and striped wings has appeared and causes inconvenience to the men by its bite, 
which gives rise to local irritation, ' ; 
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TABLES OF ANALYTICAL RESULTS OBTAINED: (a) AT THE DIFFERENT SEWAGE WORKS 
WHICH HAVE BEEN UNDER OBSERVATION BY OUR OWN OFFICERS ; (b) BY THE AUTHOR- 
ITIES AT THE SEWAGE Works oF BIRMINGHAM, BuRNLEY, HEywoop, HUDDERSFIELD, 


Lreps, MANCHESTER, OLDHAM, AND SHEFFIELD. 


Prefatory Note to Tables. 


191. The figures of analysis given for crude and settled sewage, septic tank liquor, and 
precipitation liquor, refer to the hourly sets of samples only in the case of the works which 
have been under observation by our own officers, these hourly sets representing as far as 
possible the dry weather flow. For purposes of comparison, we have given the average 
figures for the hourly sets of effluent samples (7.e., dry weather samples), and the average 
figures for the ordinary chance samples of effluent. There were, as a rule, a fair number 
of such chance effluents examined from each place, and the figures may generally be 
looked upon as representing roughly the average of the effluents obtained in all weathers, 
In the case of the other places (Leeds, Manchester, etc.) the figures given for the sewages, 
tank liquors, and effluents are the averages of a very large number of chance samples, 
These latter figures were furnished by the authorities of the various sewage works men- 
tioned, and they are printed in italics to distinguish them from our own figures, 


The figures for “ oxygen absorbed in four hours ”’ given in italics were obtained with 


weak permanganate, and therefore require to be multiplied by 1°6, in order to make them 
fairly comparable with our own four hours’ figures, which were obtained with strong 
permanganate. 


With regard to the bacteriological notes, wherever possible, the figures given refer 
to the number of B. Coli (or Coli-like microbes) per c.c. In the few cases where this test 
was not applied, or where the records were very few in number, approximate figures are 
given, based upon the results obtained by the use of one or more presumptive tests for B. 
Coli. The results frequently varied so much that the figures can only be taken as bein 
roughly approximate ; bacteriological results obtained by the decimal method of dilution 
do not lend themselves readily to expression in the form of averages. Further, a good 
deal of latitude has been exercised in the way of pitting high results against low results 
and ignoring exceptional ones. We think, therefore, that the bacteriological figures given 
in the following tables should be read in the light of the detailed tables which are incorpor- 
ated in the text of the separate reports, printed in Appendix III. 


—— 
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TABLE II.—SETTLEMENT OF SEWAGE 







































Analysis of Sewage, 
Dry " Parts per 100,000. 
ther 
: System of | “°* Nature of 
No. Place. Population. flow of ao] 
| Pp Sewerage. | Goo, Be Sewage. 2 ‘ 
-——+-¢gallons). Z og Berth 4 
Sid | 2a I Saas = 
MRE Soe ek eo 
| Ae | 22 ee ee eee 
| Sie er ee = 
: “4 /<24 108 | aa eQ 
7 | Clifton - 2,000 Partially 22,000 | Strong 3-78 | 1:11 |26-07 | 49-1 | At least 
separate. slop-water 100,000, 
domestic. 
2,000 | Combined | 35,000 | Domestic | 4-74 |*0-85 |11-83 | 17-7 | At least 
8 | Halton - (mainly 100,000. 
slop-water). 
9 | Little Drayton 1,550.._|.._ Ditto.._|. 12,000} Strong 757 | 1-41 | 24-44 | 23-9 | At least 
slop water 100,000. | 
domestic, 
10 | Leeds- 450,000 Ditto {15,500,000 Trade 1:92 | 0-68 | 11-34 | 58:1 | About 
A sn eect nen nf OFFA ~ | 100,000. 
| 
11 | Oswestry - ~ 9,800 Ditto 350,000 | Domestic | 3°53 | 0-91 |11-27 | 29-4 | At least | 
i with brewery 100,000. 
| and tannery 
waste. 
12 | Sheffield - 400,600 Ditto {14,500,000 Trade 261| 076| 7:08 | 50-2 
. Ws Evia ROSS sewage. 
13 | Oldham - — Ditto 2,250,000 | Rather weak | 3:17 | 0-77 | 5°60 | 51:2 | About 


domestic. 100,000. 











Note.—The figures of analysis given in ordinary type are, as a rule, averages of three sets of twenty-four hourly 
a large number of chance samples drawn in all weathers. All figures for ‘‘ oxygen absorbed in four hours” given 
with the figures for ‘‘oxygen absorbed in four hours” given in ordinary type, the latter having been obtained with 


a 


WITHOUT THE AID OF CHEMICALS. 








Rate of flow 
through 
tanks 
(expressed 
in time taken 
to fill tank 
in dry 
weather). 





5°3 hours 


15°5 hours 


0:93 hours 


4:0 hours 
average rate 
8:0 hours 


4-1 hours 


8 hours 


12 hours 


Analysis of Settled Sewage. 





Parts per 100,000. 





Lc} 

2 . 
is i S 
3S no) RQ M4 
oS ek (Sha a Sa we 1) SS o 
ee fei asis..| 2 
ge /ee|e5/8e) 8 
ae iae\6alaa.a 
3-96 | 0-76 |15:13 | 24:2 | 100 to 

| 10,000. 

4-72 |*0°69 | 8:33 | 10-7 
7-54 | 1:16 |18-21 | 19-9 
1:60 | 0-37 | 624 | 12:8 
1-74.| 0:39 | &50| 122 
1:90 | O41 | 584 | 11-7 
3-48 | 0-92 |10°37 | 22°8 
2:19 | O41 | 423 | 10-7 
3:22! 063) 806| 15:8 


Tanks Cleaned. 


Every 5 weeks 


Every 7 weeks 


Every week 


Every 4 or 5 
weeks. 


Every week 








Method of Disposing 
of Sludge. 


Remarks, 


Taken by farmer. 


Lagooned, taken by 
farmers when dry. 





Lagooned 
Lagooned. Experimental 
process, 
Mixed with house ashes 
and taken by farmers. 
Lagooned Experimental 


process. 


Pressed and taken 
by farmers. 





samples drawn in dry weather, according to rate of flow. The figures of analysis given in italics are, as a rule, averages of 
in italics, having been obtained with “weak” permanganate, must be multiplied by 1°6 to compare approximately 


“strong” permanganate. 





* The figures are probably rather toc high. 





14 
15 
16 





17 


18 


19 


20 
21 


23 


24 


25 


26 
27 


29 


30 


31 








Bi 2/4 
: System of | Woatner | Nature of 2 a : 
Place. Population. R deka flow of Sewage. i 5 2 = 
. sewage s Ae) Pan a ke 
(gallons). Saieg)es)| 3 A 
EO loo | - L 
¢ 2] 824 eae s 3 
d=) 387 baal) eee 
29 4A 4 Ope me ya a 
Accrington - 46,300 Combined | 1,180,000 Strong 5:18 | 0°68 | 9°93 |43°3 | At least 
; domestic. 100,000. 
Andover - - 5,000 Partially 150,000 |Domestic,with} 7°37 | 1:18 | 10:02 ,16°5 | At least 
separate. brewery waste 100,000. 
Birmingham ~- | 865,701 Combined |22,000,000 | Tradesewage| 3°67*| 0-98*| 20:32*| 48-4* — 
and partially 
separate. 
Burnley’ - - 82,000 Ditto 2,000,000 | Domestic, 332 | O97 | 998 | — — 
with trades 
waste. 
Caterham -~— - 1,300 Separate 17,000 | Very strong | 13-41; 1:75 | 17-99 | 42:1 | At least 
(assumed.) domestic. 100,000.. 
| 
Exeter (St. - 1,500 Partially 70,000 Weak 2867, — 4°35 |13-0 | At least 
Leonards). separate. domestic. 100,000. 
Exeter (Main 38,000 Combined | 1,300,000 |Domestic,with| 4:66 | 1:37 | 19-86 | 37-2 About 
works). trades waste. 100,000. 
Guildford - — - 16,000 Partially 400,000 | Domestic, | 7:39 | 1:91 | 21-96 | 42:1 | At least | 
separate. with brewery 100,000. 
waste. 
Hartley Wintney 1,600 Ditto 45,000 Ditto A. 2°43} 0°68 | 14-61 | 20-1 | At least | 
B. 7:47| 1:79 | 18°64 | 32-7 | 100,000. } 
Huddersfield - | 100,000 Combined | 7,000,000 | Tradesewage| 1:00 | 0°60 | 10-40 | 40-0 -- 
Knowle - - 1,600 Partially 41,000 Domestic 4:02} O71 | 8-07 |19°4§ | At least 
separate. 100,000. | 
Leeds - - | 450,142 Combined [16,000,000 |Tradesewage| 2:57) O-71 | 11:20 |63:0C.) About | 
2:63| 0:90 |11:77 |59-8 P.| 100,000. 
Manchester 575,000 Ditto 25,300,000 Ditto 2:27 | 0:51 |10°50 | 35:0 {10,000 to | 
100,000. 
Prestolee - - 500 Separate 18,000 |Very weak (slop| 0-42 |'0°15 | 3°57 | 5:-4* | About | 
water) domestic 1,000 
Rochdale - - 52,000 Combined | 1,310,000 | Domestic, | 4°16 | 1:29 | 26°55 [36-7 | At least | — 
with wool 100,000. | 
washings. 
Sheffield” - - | 400,000 Ditto 14,500,000 | Tradesewage| 2:61 | 0-76 | 7:08 | 50:2 -— 
Slaithwiate- ; 
3,000 Partially 140,000 Weak 1°66 | 0°40 | 4°60 |10°7§ | Usually 
separate. domestic. 100,000. 
York - . 80,000 Combined | 4,250,000 | Domestic, 9°58 | 0°82 | 13°83 |21°2 | At least 
and partially with trades 100,000. 
/ separate. waste. 














TABLE I1.—TREATMENT OF 





























Analysis of Sewage. 








Parts per 100,000. 
























Notr.—The figures of analysis given in ordinary type are, as a rule, averages of three sets of twenty-four hourly 
a large number of chance samples, drawn in all weathers. All figures for “‘ Oxygen absorbed in four hours ” given 
with the figures for “oxygen absorbed in four hours” given in ordinary type, the latter having been obtained with 


represents the average quantity of suspended matter in the Huddersfield sewage, in dry weather. § Average of 





SEWAGE IN SEPTIC TANKS. 





Analysis of septic tank liquor. 

































































el or Hoth iad per ee | | 
eee) F121 5 \smcdnc| tee 
time taken to | il 5 | ic = Tanks Cleaned. | Eee of | Remarks 
Ree eee |S | a eth oS 3 . ees | 
dry weather.) S A S B Bien 7S oo | 
eee Hee}. Be 
=| Sn é 
Sa | aaupo 2) a) | 
| 42 hours | 0°03) 0:34 | 867 19-4 | At least| Every 4 to 6 Lagooned and, 
| . 100,000. months. sold when dried. 
19°3 hours 7:44 0°98 | 7:53 11:1 | At least | Partial removal | Run into trenches | 
| | 100,000. | at short intervals.) and covered over. 
10-12 hours | 6-12) 088 |15°86 195A. — Roughing tanks | Buried inadjacent) “A” represents the 
6-67 | 0-54 | 12:00 8-10 B. once a week, ground. septic tank liquor as. 
| | Septic tanks a whole and “ B” the 
| ae é : 
periodically. same liquor after it 
has passed through 
| Dortmund tanks, but 
also. after it has 
| received 3,000,000 
ballons of domestic 
. | | | | | sewage at Tyburn. 
15 hours) 254 0°50 | 6:33 |5to6)| — _ | Every six months| Sludge pressed 
| | | | | and sold to 
| / farmers. | 
— 18°48| 1:06 | 10-15 12°6 A.) About | — Run on to ground | Only one-third of sewage 
18:09 | 1:38 | 13°89 |25-4 B.| 100,000. | | treated. The liquor 
: =I | represented by analy- 
| | sis “A” runs on to 
| filter, while that re- 
| / presented by “B” 
| | | runs on to land. 
17-8 hours 4-12) 0°65 | 3°64 | 5-7 | At least | After 2 or more Lagooned 
| 100,000. years. 
| 11°5 hours | 5°40] 0-91 |10-20:;12°5 | About | Partial removal | Buried in fine 
| 100,000. | at short intervals. clinker screenings. | 
| 36°7 hours 9-11) 1:00 {11:42 {15-9 | At least | = Buried shallow in| Experimental process. 
| | | | 100,000. | ground. Fixed quantity 
. | | | treated daily. 

31-7 hours A.3-13, 0-73 13:16 15:1 | About | Partial removal | Runontoland | The samples for analysis 
B.— , — | — | — 100,000. | at short intervals. | | series “A” were 
| | | drawn in January and 

| | | : those for series ““B’”’ 
| | | | in August. 

94 hours| 7:91) 0-49 | 6:16 |\18:1 | 1,000 to| Every 6 months | Lagooned Experimental process. 

. 10,000. | | Fixed quantity 
: | | | . treated daily. 
15-2 hours | 3°46) 0°52 | 562) 848 | — — Spread over 
| | adjacent land. 

| 24 hours | 1°52) 0-49 | 7:80 \25-7 C.)10,000 to, End of 2 years Lagooned Experimental process 
£95) 0-44) 6:07 |17-8 P.| 100,000. | | (large svale) ; compare 
| series “C” with con- 
| | | tact effluent and series 
| | | | “P” with pereolating 

| | | filter effluent. 

15 hours’ 2:74) 0:37 | 869 }|70-8 {10,000 to Bs | Sent to sea 

_ app. | 100,000. 
| 22-0 hours | 052) 0-17 | 2°84 | 3-2* | 1,000 to} After 7} years | Lagooned 
_ 10,000. aie 
| 30°0 hours | 3:74| 0°67 (10°92 5:3 {10,000 to Every 6 months | Pressed and sold | Experimental prceess- 
/ 100,000. | | tu farmers. Fixed quantity 
treated daily. 
| 24 hours}; 1:96) 0-37) 419 — | —_ | At long intervals Lagooned Experimental process. 
' 13°65 hours 1-79| 0:37 | 3°88  7:1§ |10,000 to} No sludge re- = 
| | ) | 100,000.| moved for over 
| | | lu years. | 
26 hours| 2°86] 0-49-| 6:51 5:3 10,000 to. After 21 months | Lagoon.d Experimental process. 
100,000. | . Fixed quantity 
| . | treated daily. 











samples, drawn, in dry weather, according to rate of flow. ‘The figures of analysis given in italics are, as a rule, averages ot 
in italics having been obtained with “weak” permanganate must be multiplied by 1-6 to compare approximately 
“strong” permanganate. * Average analysis of Saltley sewage only. + Not quite dry weather samples. { This fgure 
two samples only. 
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32 


33 


34 


os 


36 


37 


39 


40 


4] 


43. 


+4 


45 


46 


Calverley 


Chorley - | 


Guildford - | 


Hendon, 


High Level. 


Hendon, 


Low Level. 


Heywood - 


Horfield - 


Hudders- 
field 
Kingston - 


Leeds - 


Maidstone - 


Normanton 


Rochdale - 


Sheffield - 


Withnell - 


York - - 








Popula- 
System tion 
/ of draining 
| Sewerage. to 
| Works. 
— = wel = 
- Combined) 2,300 | 
Ditto 27,000 
Partially | 16,000 
separate. 
Ditto 23,500 
Ditto 23,500 
Combined | 23,500 
Partially 2,500 
separate. 
Combined | 100,000 
23 53,454 | 
Combined | 450,000 
Partially | 34,000 
| separate. 
Combined | 12,600 
Ditto 52,000 
Ditto 400,000 
Partially | 1,650 
| separate. 
a 80,000 








Note.—The figures of anal 
number of chance samples drawn 


four hours” given in ordinary type, the latter having been obtained 


TABLE IV.—CHEMICAL PRECIPITATION, 





t 























in all weathers. 


ysis given in ordinary type are, 
All figures for “ 



































Analysis of Sewage (Parts per 100,000). 
Dry / 
shia Nature of B. Coli 
Sewage Sewage. Ammo- Albu- pag a Sus- Bre Cea 
(gallons). niacal minoid a °C} pended 
Nitrogen. | Nitrogen. 4 hours,| Solids. . 
12,000 | Strong domestic | 11-82 1:80 29°55 | 31°90 | At least 
(mainly slop . 100,000 
water). 
900,000 Domestic 4-20 1:01 12°38 | 31:40 At least 
100,000 
400,000 | Domestic with | 7:38 2-10 21-33 | 37-1 | At least 
brewery waste. 100,000 
650,000 Domestic + 3-0 app.| +1-0 app.| 11-01 *23-9 About 
100,000 
300,000 | Domestic with | + 4-0 app.| +1:3 app.| 17:55 *33-4 About 
laundry waste. 100,000 
630,000 | Domestic with 337 O83 789 |$29°0 At least | 
trade waste. 100,000 
38,000 | Domestic with 3°80 1:02 9°395 1-356 At least 
laundry waste. : 100,00u 
7,000,000 | Trade sewage. | 1-00 060 10-40 | 40-0. 
2,750,000 | Domestic with 3°85 0°86 10°66 -j_31:0 At least 
trade waste. 100,000 |. 
15,500,000 | Trade sewage L184 0-60 10°8 60:1 G.| About 
2:07 O76 121 62-4 P.| 100,000 
| 
1,500,000 | Domestic with 3°51 1:52 21°03. |*34°8 At least 
brewery and 100,000 
tannery waste. 
175,000 | Domestic (mainly | 6-95 1:50 29°25 /*55-0 At least 
slop water). 100,000 
1,310,000 | Domestic with 4:16 1-29 26°55 *36-7 At least | 
wool scouring 100,000 
liquor. 
14,500,000 | Trade sewage. 2°61 0-76 7:08 | 50:2 — 
15,000 | Strong domestic 5°35 1-23 21:19 | 33-9 A.| At least 
(mainly slop 17°22 | 19-6 B-| 100,000 
water). 
— Domestic with 2:58 0-82 13°83 | 21-2 At least 
trade waste. 100,000 | 
f i 





as a rule, averages of three sets of twenty-four hourly 
oxygen absorbed in four hours ” given in italics, having been 
with “strong” permanganate. * These were not quite dry 






































































































127 
OLLOWED BY SETTLEMENT. 
Rate of Analysis of precipitation liquor 
flow in (parts per 100,000). 
Precipitant tanks 
used and expressed : Method of 
quantity added aie 3 Ko) B. Coli, Tanks Disposing of Remarks. 
in grains per | taken to aod ga Oxygen Sus- Pee ees gleanad. Sludge. 
gallon. fill tanks S & "Ba & absorbed pended 
in dry ; = BE fe Solids. 
weather). | az az, 4 hours. 
Alumino-ferric | 47 hours 9°64 tet 11:94 | 11°80 | At least | No. 1 every Lagooned. 
_ 17-5 grains 100,000 |month. No.2} Taken by 
_ based on dry every two | farmer when 
weather flow. months. dry. 
‘Alumino-ferric | Quiescent 3°82 0°55 4:77 ee S| 10,000 | Every two Pressed and 
9-0 grains on for 1-2 to fillings. sold to farmers. 
average flow. hours. 100,000 
Alumino-ferric | 10$ hours) 7°34 1:33 20:04 | 146 | Atleast} Every two | Pumped into 
8:0 grains on 100,000 days. trenches and 
average flow. covered over. 
Alumino-ferric | 12 hours, 3°62 0:42 5b0.1 463 About Twice a 
5 grains on 100,000 | | week to once 
average flow. a month Pumped into 
; ’ according to| trenches on 
lumino-ferric | 12 hours| 4°88 0-76 7:25 | *4-1 About position of land. 
6-0 grains on 100,000 || tank in the 
average flow. series. 
‘Alumino-ferric 24 hours) 1:99 0-42 8°38 40 About — Pressed and 
8-0 grains on 100,000 taken by. 
average flow. farmers. 
Alumino-ferric | 17 hours; 3°31 0°32 04 2°5 10,000 | Every two Pressed and 
5-0 grains on to days. taken by 
average flow. 100,000 farmers. 
_ Lime and 6 hours; 1:21 0-33 574 7:0 -— — Lagooned 
copperas. 
Alumino-ferric | 63 hours| 3:64 0-44 5:17 1:5 10,000 | First tanks | Pressed, dried 
blood, charcoal, to every six and sold as 
and clay, 50 100,000 | days, second | manure. 
| grains on and third 
average flow. once a 
. | fortnight. 
Lime 3 grains | 4 hours; 1:68 0-31 OL, ftL-1_G. — — Lagooned | Experimental process 
on average flow.| 12 hours| 2:00 0-82 4:16 63 P. Analysis G. refers to 
the general precipi- 
tation liquor and 
Analysis P. is for 
comparison with per- 
colating filter efluent 
1} hours| 3°53 0-99 10°71 |*14:0 — Every two | Pressed and 
average flow. weeks. taken by 
farmers. 
}Alumino-ferric | 144 hours) 4:90 0°68 10°32 _|*14:0 10,000 | Every week | Lagooned and | 
| 6-7 grains ; to taken by farmers 
| on dry 100,000 when dry. 
| weather flow. 
Alumino-ferric | 14} hours; 4-20 0-66 1S ie ton 1,000 | Every three | Pressed and 
_ 7:3 grains to or four taken by 
Vitriol 7 grains 10,000 weeks. farmers. 
on average flow. 
Lime Quiescent | 1:09 0-15 2-80 48 —- — Lagooned 
for 
45 minutes. 
Alumino-ferric | Quiescent — — — -- 100 |Every oneor| Lagooned | Analysis A. is an 
15 grains | forseveral| 4°35 0°47 7°95 2:0 to two fillings. average analysis of 
| on dry hours. _ app. B. | 1,000 Withnell sewage. 
weather flow. Analysis B. is an 
average analysis 
made on samples of 
sewage drawn for 
comparison with the 
; precipitation liquor. 
Alumino-ferric | 7 hours* 2°63 0-54 7°76 8:9 About | Every four | Pressed and 
_ 5:7 grains. 10,000 days. buried thick 







| Lime 4°3 grains 
m average flow. 


















6225,.—I. 


eather samples. 


+ These figures are inferred. 


mples drawn, in dry weather, according to rate of flow. The figures of analysis given in italics are, rei: 
ined with “weak” permanganate, must be multiplied by 1-6 to compare approximately with the figures for “ oxygen absorbed in 


under layer of 
soil. 





t Grit is not included in this figure. 





as a rule, averages of a large 


R 2 


ee ee ee 

















TABLE V.—CONTACT 


















































| 
S 
Ep A | 
2 | Average 
: sor of | ate of een 
No.| Place. | £| Material. | Sizeof Material. |  y°P/™ Of | Distribution, | MARES | yard per day. 
a _ per Cay: | “Whole area | 
r- | Primary" | included 
E beds only. ; 
: 
5 
se | | 
| | 
CRUDE SEHWAG, ; Gallons. | 
1 | Hampton -| 3 Clinker Primary) —coarse | 4 ft. | None on pri- | About 3 43 
| | | Secondary— mary beds, Based on dry 
| medium. half pipes: and weather flow. | 
| | | Tertiary—very |  grips.on . 
| | fine | secondary and | 
| | | tertiary beds. 
2c) Leeds 2 Coke Primary—coarse Primary, 5ft. None Ditto About 32 | 
| | Secondary — | Secondary, 6 ft. 
| | / medium. | 
| 
3 | Maidstone - | 2 Clinker Primary—coarse | Primary, 3ft.4in.| Half pipes 0°86 23°7 
| | Secondary—fine | Secondary, 
Bey 4 ft. 4in. 
la | | 
4 | Newton -j| 1 | Ditto Medium to coarse | 3 ft. 6 in. | Troughs 1:7 91 
| Dime | 
5 | Withnell - | . Ditto | Primary—rather | Primary, 5 ft. Ditto Ea 18-2 
| | coarse. Secondary, 
| | Secondary— 3 ft. 6 in. 
| | medium. 
SETTLED SEWAGE. | | ae! 
8 | Ha'ton 2  Primary—coke, | Primary rather! Primary 4 ft. 3 in. | Ditto About 4 80 
| clinker and stone.) SecondaryJcoarse| Secondary, | 
| | _Secondary—coke. | | 3 ft. 3 in. 
no.) Otdham Meter. 1 Clinker | Medium to coarse | 3 ft. to 1 ft. 6 in. Troughs —— About 100 | 
il | Oswestry Ds: House cinders Pri (medi- | All beds, 4 ft. 6 in. Ditto 4}. 51:4 | 
| | | rimary | mto 
| | Secondary |" ; 
coarse | 
a2. Shefield” - | 2 Clinker Pr medi- a6. Grips in 3 60 
rimary : 
| ee um to material. 
| | | Secondary | p | 
| | | ne. 
Septic TANK Liquor. | ) ( 
15 | Andover -| 1 _ Ditto Medium to fine 4 ft. Half pipes 1-4 115 
| | Based on dry 
| ) weather flow. 
1/ | Burnley -| 2 Ditto Primary—coarse -- Troughs 2 45 
| Secondary—fine 
19 | Exeter, (St. | 1 | Clinker and coke | Fine to medium D ft. Half pipes 3 105 
Leonards). | ! | 
| | 
| > | | 
20 | Exeter (Main| 1 Clinker Medium 4. ft. 6 in. Ditto 2 55 | 
| works). Based on dry | 
weather flow. | 
| 
| | | 
21 Guildford 2 | Burnt ballast or | Primary—rather 2 it. 6 in. Grips in 2 22-7 | 
clinker, coarse, material. ! 
_Secondary— rather - 
. f fine. |’ é | : 











Nore.—(w) All figures ior “oxygen absorbed in four hours” given in italics, having been obtained with “weak ” permanganate, 
the latter having been obtained with strong permanganate. (2) ‘The figures for albuminoid 
* The figures are approximate. + These figures are averages of 


BED FILTRATION. 








Analysis of final effluents. 


Parts per 100,000. 





| 





| | Dissolved 




























































































Ammoniacal|Albuminoid | Oxidised ee nie tae vie: Suspended | oxygen ' 
Nitrogen. | Nitrogen. | Nitrogen. "yy sing (gin Solids. takenupin| B. Coli 
, : _ 24 hours. per ¢.¢. 
aS eS ea eee 
ee a ee ee 
S ee 3 = } be 5 tee 3 s ) 3 |S ge 
SProy;P TO; e Po, oye |; o;e |} ol; ] os 
y ee ee Cr | 
pe ee Ot) 9-64) — |) 1-31) - (12+) — |"Tracel -— | 0-381 About 
in 12. 1,000 to 
| 100,000. 
Bere POOF) — | O87 hm 4 OTE |. - — | 26 - - — 
— | 092) - | 0-22); -— | 1:23); - | 252); - | 7+] -— { 1°31) - - 10,000 to 
in 8. 100,000. 
3°40 |*0°59| -— |*0°37 |Trace) 0°16} 6°79) 5:78; 2— | 6— | 85 |*6-9 — |More} About 
| In 2./ in 6. than | 100,000. 
6°2 
0-89 |70°63 | 0-41 |*0°12; 0-0 | 2-48; 3°86) 1°71) 3— | 3+ | 5:5 |About] - |*0-66| At least 
| in 3. in 3./ 1-0 100,000. 
irene 23 =" ross)" | 252) 29) 94) =" |About — | —° | “About 
| | | | | | in 5. 3-0 | 10,000 to 
| | | | | - 100,000. 
Seer ho — 1 O23 — | OSL — 0.99) = — — b-1 = = ames 
Soo = Olas — | 1-16) — | 1-76) — | 8+} — |About) ~— [*0°72| About 
; in 10, 205 10,000. 
Poe eee 006) — | 164) — |.0°60\ = 2 SC ae Sod Sa Ns eas 
| | 
4-82 | 4°10 |*0°60 |*0:52| 0:0 |*0°43| 4:26) 4:02; 3- | 1+) 9°8 | 96 — |*2:77| About 
. in 3.{in 11, | 10,000 to 
a | | | 100,000. 
- = seeueue) — | 206 - 1 O78) — | = = = - - — 
1:00/ 055) - O-1).| 1-49 |*1-69| 0°85] 1:08| 3+ | 6+ | 0°9 |About; - |*0-62 | About 
| ss in 3,| in 6. 06 +} 100,000. 
3°12] 1°61 |10°47 | 0-3] |*0-28 *1°63 | 3°67 | 442) 3- | 71/46 | 55 — |*1:69|} About 
; | | | in 3. | in 14. | | 100,000. 
| 
eee Oa) — 9) 1°22) — | 277); -— | 4-+-)-— |About) - - About 
| in 7. 1-0. | 100,000. 



































Condition 


of Filters. Remarks. 





Crude sewage 


clogged primary 

beds in one year, 

and partially set- 

tled sewage in 4 

years. 

Primary bed lost|Experimental 
capacity seri-| process. 
ously in first 4} Large scale. 
months. Fixed 

quantity 

treated daily. 

Primary bed in|Kxperimental 
good order after! process. 

5 years. on Bixed 
quantity 
treated daily 
Beds __ seriously 

clogged on sur- 

face after about 

5 years. 

Primary beds be- Experimental 
coming seriously} process. 
clogged after 5 Fixed 
years. quantity 

treated daily. 


t 


| Primary beds 





clogged after 4 
years. 

Primary beds | 
clogged up after 
about 3 or 4 years 

— Experi- 
mental. 
process. 


Material had to 
be washed after 
about 4 years. 

Material in No. 5 
primary bed had 
to be. washed | 
after 34 years. 
Material showing 
signs of clogging 
after 9 years’ 
work. ¢ 

Beds had _ lost) 

nearly half their 
water capacity 
after about 3 * 
years. 

Primary beds had: Practically 

| lost nearly = of, fixed quan- 

_theircapacity after} tity treated 

about 4 years’ work| daily. 














must be multiplied by 1-6 to compare approximately with the figures for ‘‘ oxygen absorbed in four hours” given in ordinary type, 
nitrogen in ordinary type may probably be rather too high in the case of some of tie effluents. 


two samples only. { These are averages of three samples only. 


No. 


22 


30 


32 


6 & 


3D 
30 


39 


40 


Number 
Place. of Material. 
contacts 
given. 
Septic ‘TANK Liquor (continued). 
Hartley | 1 Clinker 
Wintney. | 
Huddersfield 2 Ditto 
Leeds -— 2 Primary—clinker 
/ Secondary—coke. 
Manchester | 1 Clinker 
Sheffield - 2 Ditto 
Slaithwaite. 1 Ditto 
PRECIPITATION Liquor. 
Calverley - 1 Ditto 
Hendon -) 1 Pan breeze, burnt 
ballast and broken 
brick. 
Heywood - 1 Sand 
Ashes 
Coke 
Kingston - | 1 Clinker or coke 
Leeds - | 1 Clinker 
| Huddersfield 2 Ditto 


38 


130 


TABLE V.—ContTACT 





























Size of material. 


Fine 


Primary—coarse 
Secondary— 
medium 


Primary—medium 
Secondary— 
medium. 


Medium 


Primary—rather 
coarse. 

Secondary—rather 
fine. 








Medium 


Fine to coarse 
Fine to medium 


Very fine 
Medium 


Coarse. 


Medium 


Medium 


_Primary—medium 
Secondary—fine 
medium. 





























Riehis Rate of treat- 
Tiewh oi pre teat ie fillincs | Ment per cube 
M a Brick Distribution a a yard per day. 
Primary Whole area 
beds only included. 
Gallons. 
4 ft. Half pipes 2°0 73 
Based on dry 
weather flow. 
Primary, 3ft.9in.| Grits in 2°5 71 
Secondary, material. 
2 ft. 11 in. 
Primary 5 ft. Ditto 1-5 45 
Secondary, 6 ft. 
3 ft. 4 in. Ditto 2 to 3 17 
Sie 
3 ft. Ditto 3 About 60 | 
5 ft. Troughs 1-5 62 
3 ft. Ditto | About 0-7 OS 
_ Based on dry 
weather flow. | 
5 ft. Half pipe 2°5 | Ste 
! . 
4 ft. 3 in. Troughs 3 174 | 
3 ft. Ditto 4 250 
3 ft. 6 in. None | 3 — 
3 ft. 3 in. —- 2°5 100 











wb et ee ee eee 


Nore.—(a) All figures for “oxygen absorbed jm four hours” given in italics, having been obtained with “weak” permanganate, 


the latter having been obtained with strong permanganate. 
* These figures are approximate. 


(>) The figures for albuminoid 
Tt These figures are averages of two samples only. 


{ These are averages 
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Analysis of final effluents. 





Parts per 100,000. 













































































Dissolved wa 
Ammoniacal Albuminoid | Oxidised ages Bon de | Suspended | oxygen ee Remarks. 
Nitrogen. | Nitrogen. | Nitrogen. ® a eae sau Solids. |takenupin| B. Coli. 1 
ours (smell.) 24 hours. | per c.c. 
o 4 o o 
e;i ie |e /elelelelslelslels]s 
eee e fe | si) es] 8; 8 | eB | eB TS 
ero as ON toa OTe foram tS 
P16} 3:20) 0-27) 0-38) 1-22} 1:02| 3-14] 3-26] 3+-] 2+ | 3-3 | 7-2 *2°36 About | Beds _ seriously 
' in:3, bin 7: 1,000 to clogged after 
| 10,000. about 5 years. 
See Pom nO Toe 1 O49 | | PGS). — - STi LS ~ - =e Primary bed lost} Experi- 
74 per cent. ofits) mental 
| capacity after 44| process. 
| years. 
res ie BOs l= | 7-756) —. | os7| — e. — | 08 a - About Primary bed lost} Experi- 
7 1,000 to 80 per cent. of its} mental 
10,000. capacity after 4; process. 
. years. | 
| i | | , 
See ie Cole | 0-80| — | 2-73) ~ - - |d4%) -— §41 %) About — 
1,000 to 
| 10,000. 
eee eee ie | 1-27) = | 0-72) — - = - — | {0-43 _ — Experi- 
| mental 
. process. 
ee ee ae ie | 057) -* | 2-15) =.) 2-+- | = About, — | 1-52] About | Surface. material Practically 
in 7. 2:0 . 10,000. badly clogged} fixed quan- 
| / after 4 years. tity treated 
daily. 
ee eee 0:33) — | 357) -.) 44) - 198] = |*1-14| “About | Beds still in good 
| in 13, | 1,000 to order. after 10 
10,000, | years’ work. 
Peer oe 22) — | 2-07) - | St) _ | Trace — | -— | = About Beds still in good 
ano: 1,000 to order after 6 
10,000, years. 
ee ee Se 1 OG) — | 0-96) - - - ~ ~ - — Bedstill good after 
| | 10 years. ‘Top 
inch of sand is| 
taken off once. a 
month and al- 
lowed to weather. 
1-96) 1-45 |70-19| 0-12| 1-22) 1-53} 0-84] 0:96) 3+] 7+ |AboutlAbout| - |*0:18/ About Coke bed retains 
40) os} Btls bok Oo 1-0 1,000 to 20 per cent. of 
10,000. its empty tank 
. capacity after 
| nearly 8 years. 
| Clinker bed re- 
tains 32 percent. 
| | after nearly 4 
: | years. 
eet | O07). -- | 1Z5) — - oe OCR ie Shere — Bed lost capacity 
| rapidly owing to 
consolidation of 
material. 
Sj Teuspe— | O86; — | 1:10) = ~ — | Qi - - — No. 10 bed lost 
68 per cent. of 
its capacity in 6 
years. 















f three samples only. 





























must be multiplied by 1-6 to compare approximately with the figures for “oxygen absorbed in 
nitrogen in ordinary type may probably be rather too high in the case of some of the effluents. 





§ Percentage of dissolved oxygen taken up in forty-eight hours at 80°F. 





i) At GO°F. 


four hours” given in ordinary type, 
& yY vp 


TABLE VI.—PERCOLATING 






























































| 
| 
/ Rate of 
| ye ‘ Rate of 
| : How Liquid | filtration s 
| | Material used) q- a Depth of cater Me : : filtration per 
i . ar | 8 f Material. . Distribution. is delivered | per square 
Ss Bae in Filters. ag aero Material. to Filter. ees: per gabe i, 3 
day. det 
ee. eg SS ba , | 
CRUDE SEWAGE. Gallons. Gallons. 
6 | Hendon - Clinker Medium 8 or 10 feet | Tipping troughs | Continuously 125 About 40 
| 
2p | Leeds - Ditto Ditto 10 feet Ditto Ditto 83 25 
2L | Leeds ’ Ditto Very coarse 114 feet Sprinkler Intermittently 200 52 
SETTLED SEWAGE. 
7 | Clifton - Cinders Fine to coarse 4 feet By fine material Ditto 20°8 15-6 
or sand Based on dry weather flow- 
and cinders | Very fine to coarse 
10 | Leeds - Coke Coarse 9 ft. 6 ins. Sprinkler Continuously 200 63 
9 Little Granite Medium 7 ft. 6 ins. | Tipping troughs Ditto 48°5 19°5. 
Drayton. 
Septic TANK LIQUOR. 
14 | Accrington Coke or Coarse 9 ft. 3 ins. to Sprinklers Ditto 425 140 
clinker 7 feet. 
16 | Birmingham| Granite, Coarse 6 feet Nozzles, etc. Ditto 165 82%. 
quartzite, 
slag, ete. 
18 | Caterham - Coke Medium to coarse 5 feet Perforated pipes |Intermittently 51 30-7 
23 | Huddersfield; Clinker Coarse 7 feet Sprinkler Continuously 258 110 
24 | Knowle - Ditto Ditto 6 feet Stoddart trays Ditto 1,000 2,000 
25D | Leeds Coke Ditto 9 ft. 6 ins. Sprinkler Ditto 200 63 @ 
f 














Note.—(a) All figures for “ oxygen absorbed in four hours” given in italics, having been obtained with weak” permangana 
the latter having been obtained with “strong” permanganate. ()) The figures for albumino 
; * These figures are approximate. + This analys 
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FILTERS 





Analysis of Final Effluent (Unsettled). 
































Oxygen | Incubator Dissolved 
Ammoniacal) Albuminoid} Oxidised b ciate teal Oxygen | Suspended a 
Nitrogen. | Nitrogen. | Nitrogen. . ah ed in| test (bY! "| salen up in| Solids. Condition of R ks 
ours. smell). eh hours Filters. emarks, 
; B. Coli. 
per ¢.¢. 
> © : a : Ps) rs) 
e |e patra tre | ce 
| 3 26] eal Goa ee a 
a} oO qa) oO; | 5 s) 
| 
1:06 | 0°57 | 0-28) 0:13} 2°37|.3:51| 2°65}:1-871}3 +)9 +) —. |*0°62| 63] 5-2 — No. 2. Filter (8 Experi- 
in 3.| in 9. feet) good after mental Duca 
| 8 years. Filters. Fixe 
quantity 
treated daily. 
- |019) - | 005) - | 1:21\| - | O84) - - - - - ~ About | Clogged after 1 | Ducat Ex- 
1,000. month’s work. | perimental 
Filter. Fixed 
quantity 
treated daily. 
—- |072; - | 0:27| -— | 035) - | 309) - - - - — | 21:0| About Choked with Experi- 
| 10,000. growth after 21 mental 
months. “ Leeds ” 
Filter. 
Fixed 
quantity 
treated daily. 






34/5+] = 10:93} 3:3} 56), 100to | Sand filter good 


0°80} 0°95! 0°10; 0°20; 0°82} 1:16} 1:10| 2:06 
in 3. 10,000. after 14 years. 


~ ~ 12-0 — Unchanged after | Experi- 
1 year. mental 
process, 
Fixed 
| quantity 
treated daily. 
0:78| 0:57| 0-22} 0-18} 3°60} 4°51] 2°92} 29-4513 +/4 +] 0°74! 0°92] 10:1] 80) 1,000 to | Necessary to 
i ) 10,000. wash upper part 


—- | 0381); -— | O18) - | 127) = | 171) - 











in 3. | in 4. 
of material after 
3 or 4 years. 
1-07 | 1-33| 0°27] 0-25| 2°24] 1°60) 5:08) 3:02/4 +)11+) - |*0-96) 20:0! 89! Ditto Good after 4 to 
in 4. |in 11. 8 years. 
| : 
(266) — | O29| — | 211} —.| 268; - jalk+) - | - = 73) = od cs 
6°77 | 8-88| 0-42] 0-41| 8-90} 7-95) 5:-22| 511/4 +174) —- | 0:80] *3-7]. 38] About | Good after 10 Fixed 
| in 4. | in 7. 1,000. | years. quantity 
iat treated daily. 
ee eos = 41-08) — W129) — foe pe f = | med Ditto Good afterl year | Experi- 
mental 
process. 
Fixed 
quantity 
treated daily. 
3°19 | 4-07 | 0-34) 0°48 |*0°90| 0°60; 2°70; 4:11} 3-— |5 +) - |*2-:28] 3:77} 3:9; About {| Good after about 
in 3. | in 12. 100,000. 4 years. 
—- |O051| - | O1f| - | 1:08) - | 160) - ~ - - - | 11-4} About | Good after 4{ Experi- 
1,000. years work. mental * 
Bed twice! _ process, 
flushed out with Fixed 
town’s water. quantity 
treated daily. 


























must be multiplied by 1:6 to compare approximately with the figures for “oxygen absorbed in four hours,” given in ordinary type, 
nitrogen, in ordinary type, may probably be rather too high in the case of some of the effluents. 
was made after suspended solids had been settled out. 
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No. Place. 
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Rate of 


TABLE VI.—PERCOLATING 








| 


| I 
Septic TANK LIQUOR (continued). 


27 | Prestolee - 
98 | Rochdale - 
31 | York - 


PRECIPITATION LIQUOR. 





33 | Chorley - 
37 | Horfield’ - 
40P| Leeds - 


42 | Normanton- 


45 | Withnell - 


6 | Hendon - 
and 
35 








Nore.-—All figures 














athts : Rate of 
; : How Liquid | filtration : 
oe used me oe ee Distribution. is delivered | per square gee aie 
in Filters. aterial. aterial. to Milter. yard per z 
day. rete 
| 
Gallons. Gallons. 
Cinders and gravel | Fine to coarse 5 feet By fine material Inter- 92-7 55°6 
mittently 
Coke Coarse 9 feet Sprinkler Continuously 424 141 
Clinker, coke, slag Ditto. | 6 ft. 6 ins. by Ditto. Ditto. 360 About 150 
or broken brick. 7 ft. 8 ins. 
Sand, polarite, | Very fine to 3 feet By fine material Inter- 525 525 
and gravel. coarse mittently 
Clinker Coarse | 7 ft. 5 ins, Stoddart trays | Continuously 478 190 
Coke Ditto. 6 feet Sprinkler Inter- 100 50 
mittently 
Sand, polarite, | Very fine to 3 ft. 3ins. | By fine material Ditto. — —— 
and gravel. coarse 
Ditto. Ditto. 3 feet Ditto. _ _ Ditto. 68°6 63°5 
Based on dry weather flow. 
Coke breeze, Fine to coarse 5 feet Ditto. Ditto. — —_ 


burnt ballast, and 
broken brick. 


for “oxygen absorbed in four hours” given in italics, having been obtained with “weak” permanganate ~ 


the latter having been obtained with “strong” permanganate. 


(5) The figares for albuminoid nitrogen in | 
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FILTERS—continued. 


Analysis of Final Effluent (Unsettled). 















































Oxygen | Incubator ee 
Ammoniacal) Albuminoid| Oxidised Atal din tte Oxygen | Suspended 
Nitrogen. | Nitrogen. | Nitrogen. Y |taken upin| Solids. Condition of 
4 hours. smell). OE hues Filters Remarks. 
- - B. Coli. : 
SSS SS er ee Pee. 
Meweeeo mies | o | o || ofa) oS pre ys 
| 
0:13} 0-05| 0:03} 0:02} 0-33! 0°90} 0°31; 0-41;/3 +|6-+ | - |*0-04|None|None| 100to | Good after 8 
| in 3. | in 6. 1,000. years. 
- | 008; — | 010; — |*2°76) -— +256) —- |5-+) — |*0°32| - 74| About 100} Good after 7 Fixed 
1 ae to 1,000. | years. quantity 
treated daily 
0°10 | 0:25) 0°07 | 0°15) 2°25] 2°11) 1:17) 1°82)3 +/7 + 0°32! 1:80} 5:0 | Ditto. Good after 4 and Ditto. 
in 3. | in 7 6 years. 
1:07 | 0°56 | 0-09} 0-11} 2°35} 3:00) 1:03] 0°98; 3 +/12+ | - | 0-:18|Trace;/ Trace} About | Good after 12 
in 3.|in 12. 1,000 to | years. 
10,000. 
1°69 | 2-26) 0-15| 0:23} 2-19 |*1-19| 1°60| 2°47; 3 +/12+| -— |*0-54| 365} 7:0| About | Good after 5 
in 3.| in 12. 10,000. years. 
- | 0.34; - | 007| -— | 1:66) - | O67) - - - = - 20 —— Good after l Experi- 
year. mental 
process. 
| | | Fixed 
| i | quantity 
{treated daily. 
| | \Filter worked 
subsequently 
at double this 
raté with — 
| good resulfs. 
2°58 | 1:42/ 0°16| 0°10} 1:33] 3-00] 1°86) 1-27 3+ {10+} - |*0-69)Trace/ Trace} About Good after 10 Fixed 
in 3. | in 11. 1,000 to years. quantity 
| 10,000. treated daily. 
2°71 | 1°68; 0:16; 0°08; 1°62| 0°84] 1°65| 1-29 3 -+/|3 +) 0°49) 0-28 | Trace) Trace} About 100} Good after 6 and 
in 3. | in 4. to 1,000. 12 years. 
eee ee ee eee LEG pe TP 1-48) - | Bib | ~ - |Trace| — About Good after 7 
in 3. 1,000. years. 





























must be multiplied by 1-6 to compare approximately with the figures for “oxygen absorbed in four hours,” given in ordinary type 
ordinary type, may probably be rather too high in the case of some of the effluents. * These figures are approximate. 
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PART III.—PURIFICATION OF SEWAGE BY TREATMENT ON LAND. 
INTRODUCTORY REMARKS. 


192. There can be no doubt that, where the soil is suitable and the area of land 


sufficient, the organic matters in sewage can be thoroughly oxidised by land treatment. 


This fact is well established, not only by investigations made by earlier Commissions, 
but also by wide general experience. 


. The investigations of earlier Commissions did not, however, extend to the bacterio- 
logical side of the question, and for this reason, and in order to compare the treatment. 
of sewage on land with its treatment by other methods, we considered it necessary to 
examine the working of some sewage farms. 


Prior to commencing our investigations, a large number of sewage farms were. visited, 
and we ultimately selected, for systematic observation, the following farms :— 


Aldershot Camp - - - - - Sand. 

Croydon (Beddington) - - -  - Gravelly loam. 
Nottingham - - : - - Light loam. 
Cambridge - - - - - <gaes, ae 

South Norwood - - -  - — - Heavy loam and clay, 
Leicester = e : Z mist Bays gp oG, SOT gs 
Altrincham - : - . - - Peaty soil and sand. 
Rugby (high level farm) - - - Heavy loam. 


Some few samples of effluent were also taken from, and some observations made at,. 
Luton (chalk), Worsley (peat and gravel), Hemsworth (clayey soil), Derby County Asylum 


(stiff soil overlying red clay), Lindfield (clayey soil), Sandhurst (sandy soil), and Woking 


(Bagshot sand). 


Our investigations extended over a period of more than two years, and detailed par- 
ticulats in regard to them are contained in the Reports made to us by our. officers, which. 
were published as supplementary volumes to our Fourth Report. 


CoMPARISON OF EFFLUENTS FROM LAND AND FROM ARTIFICIAL FILTERS. 


193. Judged by chemical analysis, both classes of effluent possess similar qualities,. 


As regards the eight farms which we have had under observation, the average purifica- 
tion, calculated on the atmospheric oxygen used up, and giving credit for the oxygen con- 
tained in the effluent in the form of nitrate, was about 98 per cent. It would have been 
rather higher than this if the suspended solids had been eliminated from those effluents: 
which contained them. 


As regards seven contact bed plants, which we have examined, the average purifica- 
tion on the same basis, but eliminating the suspended solids, was 93° 4 per cent. 


- As regards six installations of percolating filters, our analyses show that the average 
purification, after eliminating the suspended solids, was 99°4 per cent. 


The following tables, A and B, give the average figures of the chemical analyses of 


the sewage.and effluents atthe eight farms ;. Table C_gives certain percentages. for.each 


farm. 





TABLE A—TABLE OF AVERAGE FIGURES SHOWING THE CHEMICAL 
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NAME OF FARM. 


Number of Samples of Sewage 
Examined. 


Parts per 100,000 by weight. 


Totai Nitrogen :—Chance samples. 


Hourly samples. 


Ammoniacal nitrogen : — Chance 
samples. 


Hourly samples. 


Total organic nitrogen :—Chance 
samples. 


Hourly samples. 


Albuminoid nitrogen : — Chance 


samples. 


Hourly samples. 


““ Oxygen absorbed” from perman- 
ganate at 26°7° C. (80° F.) in 
Sour hours :—Chance samples. 


Hourly samples. 


Chlorine :—Chance samples. 


Hourly samples. 


Solids’ in Suspension  (gravi- 
metrically) :—Hourly samples. 


‘*Cellulose” in Solids in Suspen- 
sion :—Hourly samples. 


Parts per 100,000 by Volume. 


Solids in Suspension, as determined 
by Centrifuge :—Chance samples. + 


Hourly samples.+ 


*Ratio of Solids in Suspension to 
Centrifuge solids : — Hourly 
samples. 


Ratio of “ Celluloses ” to Suspended 
Solids (grav.):—Hourly samples. 


*Note.—This is a comparison of a 
figure expressing weight with 
one expressing volume. / 


+These figures express the volumes 
of the muds. 


al 


ALTRINCHAM. 


4 Chance samples of sew- 


age and 5 of lagoon 
liquor. 








Average. 


2:06 to 5-01=3'56 


0-69 to 3°69=9-99 


0°69 to 3°69=9'99 


0-20 to 1:14=0°62 


2-29 to 6-98=5 99 


7:22 to 12°88=9'43 


27 to 99=72 
2 sewages and 3 lagoon 
liqours. 


ALDERSHOT CAMP. 


9 Chance samples and 
3 sets of hourly samples. 








Average. 


12°45 to 24°89=17-6 


12°31 to 14-24=43-3 


8-26 to 16°94—49'30 


7°60 to 8-21=7°87 
3°39 to 9°10=5:35 


4-25 to 6'18=5 06 


2-05 to 3°63=9'77 


1:54 to 1°69=1 ‘62 


20-68 to 38°47=95°94 


19:54 to 22°40=90'79 


8:90 (2) to 13°98=11°38 


11:36 to 19°783=14-98 
32-0 to 39°8=36'6 


9-0 to 12°68=10°79 


148 to 216=173 


1: 39 
to fateaa 


1: 5°4 


1: 81 
to a1 : 97 
yaa lh 


CROYDON (BEDDINGTON). 





> 5 to 7 Chance samples 


and 7 sets of hourly 
samples. 


Average. 


6°82 to 13:42=9'50 


6-42 to 7°59=718 


4°15 to 9°71=7°34 


4°18 to 5'11=4'50 
2°03 to 4:06=3'37 


1:31 to 2°88=9 07 


0°99 to 2°36=1°72 


0-59 to 1:12=0°91 


7°91 to 18°73=13°70 


7°85 to 17°45=12°48 


5°70 to 10°50=815 


7:86 to 9:22=8-34 


21-2 to 53-0=34'5 


173 to 356=918 


1: 4°8 
to bot 66 
1:82 


1 Poe 
ae 


oul bee Bie 
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COMPOSITION OF THE SEWAGES AT THE SELECTED SEWAGE FARMS. 





CAMBRIDGE. 





5 Chance samples and 
3 sets of hourly samples. 


Average. 


1°50 to 11:52=3'94 


5°60 to 5:80=5°'71 


0°89 to 7°31=9'41 


3°77 to 3°85=3'82 


0°39 to 4-09 =1-99* 


1°73 to 1°95=1°88 


028 to 1°52=0'62 


0°89 to 0-96 =0'91 


2:07 to 17°81=§ 99 


9°49 to 10°68 =10-08 


4°95 to 10°30=6'37 


7-90 to 8°74=8'45 
23°8 to 28°6=965 


3°84 to 508=4'48 


146 to 176=160 
Lind: 

to '=1:60 
1:6°5 


1:56 
to bet 59 
1:62 


* This figure is possibly 
too low. 


LEICESTER. 





NOTTINGHAM. 





Rvesy. 





SournH Norwoop. 





5 Chance samples and | 4 Chance samples and | 8 Chance samples and | 4 to 7 Chance samples 


3 sets of hourly 
samples. 


Average. 


2°90 to 8°61=§°57 


7°32 to 9:16=8'12 


2-90 to 8°61=5'57 


7°32 to 9°16=8'12 


1:18 to 2°41=1 "68" 


2°10 to 253=9'34 


0:66 to 1-70=4-11 


0:97 to 1:44=119 


7°77 to 16°41 =12°45 


0:28 to 24°83 =99'35 


3°51 to 11:94=8'10 


12°50 to 13°84=13°38 
33°6 to 34°8=341 


6°56 and 5°80=6§'18 


160 to 261 =196 


1:48 
to =1:58 
L7°5 


1 : 53) 
to -=1:56 
1 :5°8{ 


* This figure is possi- 


bly too low. 


3 sets of hourly 
samples. 


Average. 


4°68 to 7°86=6°39 


7°53 to 7°82=7°69 


3-21 to 5°32=3'99 


3-08 to 4°53=3'°98 


1°47 to 4°24=9°49* 


2°56 to 4-21=3'15 


1:18 to 2°63=1°77 


1-17 to 1°99=4°45 


10-97 to 25°06 =17'64 


21-03 to 26:29 =93-12 


9°66 to 23°-42=16-35 


11-25 to 15°36 =13'68 


34°4 to 79-2=51 9t 


5°32 to 15°08 =8'88t 


1:53 
to Ja :6°2 
1:6°7 


*This figure is proba- 


bly too low. 

{These figures 
probably 
than the normal. 


are 
higher 


3 sets of hourly 
samples. 


Average. 


2°80 to 14°94=9'95 


9°39 to 9°99=9 65 


1°95 to 11:21=7°-37 


5°74 to 6-46=6'11 


161 to 5°57=9°54 


2°87 to 3:55=3°99 


0:40 to 2°84=1°49 


1°56 to 1:80=1°73 


3°55 to 33°31=15'0 


17°55 to 19°18=18'44 


4°86 to 18°30=11°68 


9°36 to 10-46=9'99 
43:0 to 50°6=47°3 


5°88 to 7°92=7°99 


258 to 345=304 


1:6:1 
to cy he 
\ sf 


and 7 sets of hourly 
samples. 


Average. 


3°52 to 10°84=707 


4°46 to 5°63=5 90 


5°35 to 7°60=6°50 


3°15 to 4:05=3°54 
2-04 to 3:24=9°55 


1-02 to 1:90=1°49 


0-98 to 1'23=107 


0°55 to 1:04=0'67 


6°74 to 20:08=11°40 


543 to 977=T 11 


7°28 to 8°88=7°87 


7°08 to 8°00=7°45 


9°6.to 38°2=91°9 


80 to 245 = 139 


47 
OL 


oo 


——’ 
M 
as 
t=] 
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TABLE B.—TABLE WITH SOME OF THE AVERAGE FIGURES SHOWING THE CHEMICAL 








NAME OF FARM, ALTRINCHAM. ALDERSHOT CAMP. CROYDON (BEDDINGTON. ) 














Number of samples of effluents 14 to 16 16 to 18 15 to 16 


examined.,* 
(Of the final effluents two 
were over 2 fields only). 














Parts per 100,000 by weight. Average. Average. Average. 
Total nitrogen - - : - | * 1-36 to 4:99=9°99 3°69 to 8:99=§ 0 1-02 to 3°49=9°90 
Ammoniacal nitrogen - — - - 0°65 to 1°87=1°93 0°91 to 4:98=1°85 0°23 to 3:10=1°48 
Albuminoid nitrogen” - - - 0°07 to 0:°25=0'18 0°12 to 0°-47=9-26 0:06 to 0:°23=0'14 
Total organic nitrogen - amt’ 0°10 (?) to 0°45=0°96 a 0°09 to 0:55=0-26 
Nitric + nitrous nitrogen © - : 0-0 to 3:64=0°76 ».0°0 (?): to 5°97 =3°91 0:03 to 1:43=0'37 

~** Oxygen absorbed ” from perman- 0°92 to 2°65=1°75 1°02 to 568=92°79 0°90 to 2°09=1°4] 
anate at 26°7° C. (80° F.) in four 
ours. 
Incubator test (as judged by smell)- 81% passed 89% passed 73% passed 
(16 samples tested.) (18 samples tested.) (15 samples tested.) 


* Some of the effluents were sub- 
jected to more tests than others. 








| 
, 


"TABLE C.—TABLE SHOWING APPROXIMATELY THE PERCENTAGE CHEMICAL PURIFIGA- 
ON (a) ALBUMINOID NITROGEN AND (b) 





NAME OF FARM. ALTRINCHAM. | ALDERSHOT CAMP. CROYDON (BEDDINGTON). 











(a) Caleulated on Albuminoid 19%* 94°% on Chance samples. | 92% on Chance samples. 
nitrogen, On Chance 
samples of 84% on Hourly samples. 89% on Hourly samples. 
sewages and 
lagoon liquors 
together. 
(b) Calculated on ‘‘Oxygen ab- 67%* 90% on Chance samples. 90% on Chance samples. 
sorbed” from permanganate at ; 
26°7° C, (80° F.) in four hours. 87% on Hourly samples. 89°% on Hourly samples. 
7 *This calculation is very 
approximate and of doubt- 
ful value. 














141 


COMPOSITION OF THE FINAL AND GENERAL EFFLUENTS AT THE SELECTED SEWAGE FARMS. 


CAMBRIDGE. 





17 to 18 


Average. 


1°48 to 519-0408 
0:22 to 1°31=0'65 
0:04 to 018=0'09 
0:04 (?) to 0-42=0'91 
0°69 to 2°25=1°96 


0:16 to 1°31=0°81 


94% passed 
(18 samples tested. ) 





LEICESTER. 


8 to 13 


Average, 


1:84 to 3°64=9'53 


0°59 to 2°81=1°65 


0-07 to 0°35=0-20 


0°18 to 0°63=0°45 


0-0 to 1°73=0'51 


1°70 to 447=9'50 


92% passed 
(13 samples tested.) 











NOTTINGHAM. RuGBY. 












13 16 to 19 


Average. Average. 


1:41 to 3:45=9°97 1°39 to 2°96=9°3] 


0-01 to 0-29=013 0-97 to 2°81=1°62 


0-01 to 0°10=0'03! 0-08 to 0°39=0'18 


1:25 to 3:29=9°06 
and 1°24 to 1°71 in 
four later samples. 


0-0 to 1:59=0'52 


| 


0:05 to 0°37=0'19 0°72 to 2°16=1°41 


100% passed 
(17 samples tested. ) 


75% passed . 
(20 samples tested.) 










SoutH NoORWooD, 





11 effluents (total 
nitrogen and “ oxygen 
absorbed ’’) ; 


6 effluents 
(ammoniacal and 
albuminoid nitrogen). 
These include three 
2-field effluents. 





Average. 


0°55 to 2°83=9°30 


0°02 to 1°55=0'87 


0-07 to 0°14=0'10 


0°14 to 0°74 (2)=0°39 


0-97 to 1-73=1°44 


75% passed 
(12 samples tested.) 





TION ON THE VARIOUS SEWAGES EFFECTED AT THE SELECTED FARMS, AS CALCULATED 
‘“‘OxyYGEN ABSORBED” FROM PERMANGANATE. 


CAMBRIDGE. 





85°% on Chance samples. 


% on Hourly samples. 
P 


88% on Chance samples. 


% on Hourly samples. 


LEICESTER. 








NOTTINGHAM. RUGBY. 








SoutH Norwoop. 








82% on Chance samples. 


85% on Hourly samples, 


80% on Chance samples. 





88% on Hourly samples. 


99% on Chance samples./§g % on Chance samples, 


98% on Hourly samples.|g9 % on Hourly samples. 


99% on Chance samples./9] %, on Chance samples. 


99% on Hourly samples./92 % on Hourly samples. 








91% on Chance samples. 


85 % on Hourly samples. 


87% on Chance samples, 


81'% on Hourly samples. 


142 


‘These Tables show that the strength of the several sewages varied somewhat widely, 
that the average quality of the effluents from the several farms also varied, and further, 
that the effluents from the same farm were by no means of uniform quality. 


Nottingham was the only farm from which none of the effluents which were examined 
utzefied upon incubation, and in this case the amount of sewage treated was only 10,750 
gallons per acre per day, and very little storm water was treated. 


Speaking generally, the effluents which we have examined from artificial filters, as 
at present constructed and used, are not equal in purity to effluents from the best land, 
when treating a comparatively small quantity per acre, as at Nottingham ; but effluents 
from heavy land are often of very inferior quality. Moreover, in the case of some kinds 
of land, we think that.the danger of some of the sewage escaping in an unpurified condi- 
tion is greater than it is in the case of artificial filters, assuming equally careful manage- 
ment in the two cases. 


Bacteriological Character of Effluents. 


194. Our investigations have not shown that there is any essential bacteriological 
distinction between effluents from land and effluents from artificial filters, though effluents 
from land usually contain fewer micro-organisms than effluents from the artificial filters 
which are at present in use. - The bacteria in the filter effluents can, however, be largely 
reduced, if this is necessary, by some additional process, such as sand filtration or 
sterilization,* but for the reasons which are given under the section of this Report 
dealing with standards, we do not consider that the further process would usually be 
required. 


There is, no doubt, a greater retardation in the passage of an excremental organism 
through soil than through artificial filters, at the rates of working generally followed in 
the two cases: this is probably a factor of importance in relation to the life and virulence 
of certain pathogenic microbes. . 


The following table gives the average figures for the bacteriological analysis of the 
final effluents. from the eight. sewage farms, the figures in brackets shewing the percentage 
reduction in each case upon the original sewage treated. 












. Croydon : 
Altrin- | Aldershot re Cam- ; Notting- South 
cham. Camp. oe . bridge. Deiconter, 1 hil o Rugby, Norwood. 

Total number of | 263,400 | 183,266 | 1,413,200| 711,476 | 532,777 | Frequent-| 637,133 | 778,322 

bacteria (99%) (99%) (95%) (94%) (95%) ly less (97%) (98%) 

(Gelatineat 20°C.) than 1,000. 

Total number of Cato 37,308 | 112,000 78,327 70,500 cee 81,526 30, LOT 

bacteria (99%) | (99%) | (97%) | (94%) | (95%) poe (97%) | (99%) 

(Agar at 37° C.) 

B. Coli. (+) -At least | At least | At least | At. least | At least. b> At least | At least - 
100, but | 1,000, | 1,000, | 1,000, | 1,000, Se 1,000, | 100, but 
less than | but less | but less | but less | but less ae but less | less than 
1000perr;|than/than/than|than|| @¢ |than|1,000 

cc. | 10,000 | 10,000 | 10,000 | 10,000 2 | 10,000 | per ce. 
pere.c. | perse.c.,..|.per,c.c.. | per Ge. ie . per ¢.c¢. 
25 

B. Enteritidis | At least | At least | At least | At least | At least ae At least | At least 

Sporogenes test. | 1,butless| 10, but | 10, but | 10, but | 10, but 22 10, but | 10, but 
than 10 | lessthan | less than | lessthan | less than "3 3 less than | less than 
per c.c. | 100 per | 100 per | 100 per | 100 per a-4 | 100 per | 100 per 

C.c. C.C. C.c, C.C. PD C.C. c.c. 
89 
Neutral red), |+°01. cer |+-01 o.¢. |+°001 cc. +:001 c.c. 3 8 +°01 ce. 
broth test (t).|—-001 |—-001  |—-0001 ~-001 2:2 | —-0001 
c.c. C.¢. CC, C.c. g Cc. 
































* See Dr., Houston’s Report.on Sterilization, Appendix IV. 
(+) These averages are only approximate. 
({) The effluents from the Nottingham farm stand in a class by themselves. Some of them were so 


pure bacteriologically as to resemble drinking water, but still the figures were variable. (For details, cf. 
Bacteriological Report to the Commission by Dr. A. C. Houston, Fourth Report, Vol. IV., Part IIL.) 
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From a bacteriological point of view, the treatment of sewage on land, may, under 
favourable conditions, reduce the bacteria to quite a remarkable extent. This is shown 
in the foregoing Table, the reduction both in the total number of bacteria and in the 
bacteria growing at 37° O. (blood heat) varying from 94 per cent. to 99 per cent. But, 
notwithstanding this large percentage reduction, it will be seen from Dr. Houston’s detailed 
Report* that the number of microbes of undesirable sort remaining in the effluent may 
often be very great. 


VOLUME OF SEWAGE WHICH CAN BE TREATED ON LAND. 


195. The witnesses whom we examined on the question of the land treatment of 
sewage were not unanimous as to the basis on which the extent of land required should be 
‘ calculated. Mr. F. Scudder and Mr. Santo Crimp considered that the basis should be the 
volume of sewage to be dealt with, but Mr. Baldwin Latham expressed the view that the 
area of land must be determined by the population draining to the farm, as indicating 
the strength of the sewage. The quality of the land itself must, of course, always be 
taken into account. Another factor to which importance was attached was the nature 
and extent of the preliminary treatment, if any, that the sewage receives before it is put 
on the land. 


Generally speaking, the evidence points to a maximum rate of 30,000 gallons per 
acre, or 1,000 persons per acre, with the best land, after preliminary treatment, although 
some witnesses put the rate as high as 60,000 gallons per acre, or 2,000 persons per acre, 
under similar conditions. With unsuitable land, such as clay, not more than 3,000 gallons 
per ucre can be efficiently treated, even after settlement of the sewage. 


Mr. R. A. Tatton handed in the following Table showing the approximate areas 
required with different soils :— 









































Dison eect nee See ean A aon 
oe 7 | = ee ee e 
Ratio of Acres Ratio of Acres Ratio of Acres 
Population | per 1,000 | Population | per 1,000 | Population | per 1,000 
per Acre. | Persons. per Acre. Persons. per Acre. Persons. 
road Irrigation : | 
Gravel - - - 100 | 10 | 500 2 1,000 1 
Light Loam -— - 1967), 10 500 9 750 1h 
Heavy Loam - - 75 Eos 200 5 400 24 
Chalk ~ -- - — | — Sas = ane ws 
Peat: - - - - | Unsuitable. | Unsuitable. | Unsuitable. | Unsuitable. | Unsuitable. | Unsuitable. 
Clay - - ar opt, te 50 20 100 10 300 33 
Intermistent Filtration : | 
ee | aso | 63 500 9 1,000 1 
Light Loam - 150 | 63 500 2 1,000 1 
Heavy Loam - - 75 134 300 | 3} 500 2 
Chalk - - - = = is ies je ait 
grt) 75 132 200 5 400 a4 
Clay - . - Unsuitable. | Unsuitable. | Unsuitable. | Unsuitable. | Unsuitable. | Unsuitable. 


196. With regard to the eight sewage farms which we had under our own observation, 
we give in the appended Table a statement of the nature and extent of the land, the 
volume dealt with, and a brief summary of our conclusions. 








* See Vol. IV., part III., presented with our Fourth Report. 
6225—I. 


Scudder, 570. 
Santo Crimp, 
1573. 
4662-4. 
4515-16, 


Santo Crimp, 
1571-2. 
Strachan, 
7629-30. 
Roscoe, 
3741 & 3744, 
Balfour, 
6859-63. 
Tatton, 6578, 
6578. 
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197. It will be seen that, at Nottingham, where the soil is well adapted for the puri- 
fication of sewage, the volume of sewage treated per acre was only 10,750 gallons. The 
results were exceptionally good, and there is little doubt that a larger volume could have 
been efficiently purified. At Cambridge, which has the same kind of soil and subsoil, the 
volume treated per acre, viz., 30,400 gallons, proved rather too large to yield an effluent 
of the highest class. Taking the two places together, the results may perhaps be regarded 
as supporting the evidence of witnesses that sewage can be treated at the rate of 30,000 
gallons per acre per day on the best soils. 


In other cases, where the soil is of a heavy nature and not so well adapted for the 
purification of sewage, the results again seem to corroborate the views of witnesses as to 
the volume which can be dealt with on unsuitable soils, viz., not more than 3,000 gallons 
per acre per 24 hours, if a good effluent has to be produced. 


The total acreage of a farm must be relatively much greater when the sewage is 
purified by surface irrigation than when the method of filtration is employed, and a larger 
percentage surplus area is also desirable in the former case. We are not able to lay down 
any rule as to what the ratio of surplus acreage to total acreage should be, but generally 
speaking, a large surplus:area is advisable. 


It is true that the larger the total irrigable area, the greater is likely to be the working 
cost. On the other hand, with good management, the larger the surplus irrigable area, 
the better is the purification likely to be and—within certain limits—the prospect of 
profit. 


198. The following Tables D, E, F, have been compiled, with a view to showing in 
some detail, the amount of purification work which was done, per unit area, at the farms 
which we had under observation. 


The figures for strength of sewage, strength of effluent, and units of purification are 
arrived at on the bases already explained. nt hs ad } Mivasg 
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TABLE F. 
(a) ( (-) (i) () (f) 
; Relative 
Gallons per Relative Population | oxidizable 
acre of land | Calculated | oxidizable 
N iF Sewage under treat- | strength of| matter treat-| P°™ #¢r° of matter treated 
ame of Farm. ianhad 8 :, | land under | per head of 
ment, per 24) sewage. edon unit | treatment alae 
hours + 1,000 area (b x Cc). k od me °) 
Cambridge - - - | Screened 30°4 106 3,222 675 4°8 
and 
settled. 
Altrincham - - | Very well 23-0 
settled 
in lagoons. 
Nottingham - - | Screened 10°8 182 1,966 397 50 
and 
crude. 
Beddington - -| Screened 9°5 111 1,055 238 4-4 
and ; 
settled. 
Rugby - -  -| Screened 8:8 168 1,478 171 8°6 
and 
settled. 
Aldershot Camp - - | Screened 8:3 193 1,602 166 9-0 
and 
settled. 
Leicester - - - | Screened 57 168 908 146 6:2 
and 
settled. 
South Norwood - - | Screened 4:0 73 292 191 15 
and 
settled. 











The figures in column (/) for relative oxidizable matter per head shew marked divergences, but still, 
if we except South Norwood, where the figure is probably below the truth, the extreme limits are only 
4-4 and 9 or 1: 2. The highest figures occur at Aldershot Camp and Rugby, where the sewages (domestic) 
are very strong. : 


199. The following points are brought out by these Tables :— 


The relative figures for population per acre irrigated, and for gallons per day, 
follow one another pretty closely, excepting in the case of Nottingham. 


The relative oxidizable matter per head of population varied from about 1 to 2. 
It was greatest in the stronger sewages. 


The relative “strength” of the sewage per gallon, 7.e., oxidizable matter per 
gallon, varied roughly from 1 to 24, but it was nearly constant for the less strong 
sewages, | 


The volumes of sewage (screened and settled in nearly every case) treated per 
24 hours at the different farms ranged between 0°83 and 6°28 gallons per square yard, 
or between 4,000 and 30,400 gallons per acre. 


200. The quantity of sewage which can be treated upon an unit area of land is 
necessarily small, because of the fineness of the filtering medium. Apart from this it is 
dependent upon a number of factors, of which the principal are :— 


(a) Whether surface irrigation or filtration is followed. 


(6) The quality and depth of the soil and subsoil. 
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(c) Whether or not the land is cropped. 
(d) The strength of the sewage or sewage liquo1. 
(e) The degree of clarification of the liquor. 


We have had no opportunity of ascertaining, quantitatively, whether it is easier with 
land treatment to purify one volume of strong sewage, or two volumes of a sewage of half 
the! strength. We should infer, however, that the results with land would be so far 
analogous to those with artificial filters that, within ordinary limits of strength of sewage, 
and so long as water-logging of the land was avoided, there would be no appreciable difference 
in purification in the two cases. Since, however, a fine filtering medium like soil readily 
tends to become clogged on the surface, and, therefore, becomes sodden sooner than the 
relatively coarse medium of artificial filters, we think it would generally be found easier 
to treat upon land one volume of a strong sewage rather than two volumes of a sewage 
of half the strength, and that, therefore, with land treatment, the volume of liquid to be 
dealt with is of greater consequence than its actual strength. 


Physical Texture of Sods. 


201. A detailed account of the mechanical analyses of the soils and subsoils of the 
principal farms under observation is to be found in Volume IV., Part II., presented with 
our Fourth Report.* The results of these mechanical analyses, while too few to allow of 
general deductions being drawn, show that it is possible to say from the mechanical analysis 
of a soil whether or not it would be suitable for purifying sewage by filtration, and the 
same statement holds true, though in a lesser degree, as regards suitability for surface 
irrigation. 


PRELIMINARY SETTLEMENT OF SEWAGE BEFORE LAND TREATMENT. 


202. In the case of sewage which is to be treated upon artificial filters, it is generally 
desirable to settle out as much of the suspended solids of the sewage as possible before 
filtration. This is of less moment in the case of land, but where the soil is heavy we think 
that the sewage should usually be efficiently screened and settled. Porous sandy soils, 
worked as filtration farms, may be able to treat crude unsettled domestic sewage without 
detriment, but, even in those cases, there is the possibility of nuisance arising from the 
decomposition of sewage solids on the surface of the soil, and such solids may cause 
damage to crops. 


DISPOSAL OF SLUDGE AT SEWAGE FARMS. 


203. At a sewage farm the disposal of the sludge offers no particular difficulty, the 
land treatment of sewage possessing in this respect a great natural advantage over artificial 
treatment. 


The question of the disposal of sludge generally is dealt with in a later section. 


EVAPORATION AND ABSORPTION OF THE WATER OF SEWAGE IN LAND TREATMENT. 


204. In the artificial filtration of sewage or sewage liquor, practically all the sewage 
which flows on to tke filter appears as effluent, very little evaporation taking place. In 
the case of land purification, however, especially where crops are grown, the liquid is partly 
absorbed by the plant and partly evaporated, and consequently, the volume of the 
resulting effluent is materially less than that of the original sewage. Indeed, in warm 
weather, very little effluent passes away from surface irrigation farms treating moderate 
volumes of sewage. 


Loss oF NITROGEN FROM SEWAGE DURING ITS PURIFICATION. 


205. The most important manurial constituent of sewage is the ammonia which is 
produced by the fermentation of the urea of the urine, but it also contains organic nitrogen 








* Mechanical Analysis of Soils and Subsoils. By G. McGowan and R. 8S. Finlow. 
6225—I. U 
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compounds in smaller quantity, together with phosphates and salts of potash. In the 
process of sewage purification by artificial filtration, varying quantities of the nitrogen of 
the ammonia and other compounds disappear, partly, no doubt, from conversion into 
gaseous nitrogen, and partly from being assimilated by vegetable growths, worms, flies, 
etc. ; the remainder of the nitrogen is converted (in a well purified effluent) imto nitrate. 
The following average figures, obtained from our own work, may be taken as giving a fair 
idea of the amounts of nitrogen which disappear during the treatment of sewage and: 
sewage liquors upon contact beds and percolating filters, and upon land. In the latter: 
case, much of the nitrogen which has vanished has been used up by growing crops. 





Percentage of the Nitrogen of Sewage or 
nh oe ah Sewage Liquor which disappears during 
the Process of Purification. — 





Land Surface Irrigation of Sewage - : : “ y 
About 60 (40 to 75). 
Land Filtration of Sewage : - - 2 co 5 


Treatment of Sewage on Percolating Filters —- - - | 40 to 50. 


ns Septic Liquor on Contact Beds - - - { os - a Est ii 
ee Septic Liquor on Percolating Filters - - | 30 to 40 or less. 

: Precipitation Liquor on Contact Beds - - | 25 (Single Contact.)* 

* Precipitation Liquor on Percolating Filters - | 40 to 50.: | 


206. It is in the form of nitrate that nitrogen is taken up by most plants.. Much 
has been written about the loss to the country arising from the non-utilisation of the 
nitrogen of sewage which has been purified by artificial filtration, a loss which is certainly 
to be deplored. It is, however, frequently forgotten that when water-borne sewage is 
purified on land, upon which grass or other crops are grown, loss of nitrogen is, to a large 
extent, unavoidable in the colder seasons of the year, since plants can only assimilate 
nitrate very slowly in cold weather. As regards the production of nitrate in the soil, it 
is well known that this is largely influenced by temperature;.coming practically to a stand- 
still when the temperature is very low, but it is probable, we think, that in this country 
the temperature would very rarely be sufficiently low for along period, to arrest nitrifica- 
tion. During our observations on sewage farms, we had no experience of avery: severe 
winter, but nitrification was not materially hindered by such cold as we did experience. 
It will, of course, be remembered, in this connection, that the temperature of sewage 
itself is comparatively high. 


In Vol. IV., Part. IV., of the. Report to the Commission upon Land Treatment 
(Engineering and Practical), by Mr. Kershaw, are diagrams giving the daily temperatures, 
over a year, of air, sewage, and effluent. at the. sewage farms of Nottingham, 
Aldershot Camp, South Norwood, and. Beddington. .On only.one occasion during the 
winter of 1900-1 did the temperature of the sewage at.Nottingham fall below 50° F., 
while the lowest temperatures for sewage at other farms were 46° F..at Beddington, 
42° F. at South Norwood, and 40° F. at Aldershot Camp... The diagrams also, show the 
equalising effect, as regards temperature. of effluent, of the filtration farms,. Aldershot 
Camp and Nottingham, while in the case of the surface irrigation farms of Beddington 
and South Norwood, the temperature of the effluent follows that of the air pretty closely. 


There is, unfortunately, no economical method of extracting the nitrate from a sewage 
effluent otherwise than through the agency of plants, and, as we have stated, there must 
of necessity be a considerable loss of valuable nitrogenous manure from water-borne 
sewage, even in the case of land purification. In the case of artificial filtration, supposing 





* This figure is from one installation only. : 
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the effluent. to be subsequently discharged into a stream, the loss is, of course, much 
greater, all the manurial constituents of the sewage, apart from those in the sludge, being 
wasted. They will, it is true, augment the vegetable growths in the stream itself, but 
this is nearly always more or less objectionable. 


Is.A SEWAGE Farm DancERous TO HEALTH ? 


207. No proof has yet been furnished of direct or wide-spread injury to health, in the 
case of well-managed ‘sewage farms. It is interesting to note here that the Report. for 
1905 on the sewage farm of Berlin contains the following statement :— 


“We can only repeat here what we have said in previous Reports—that the sewage 
treatment (Rieselbetrieb) has had no injurious effect upon health.” 


This farm covers an area of nearly 39,000 acres of sandy soil, and there was on the 
ground in 1905 a resident population of 4,198 persons. 


WELLS IN THE NEIGHBOURHOOD OF SEWAGE FARMS. 


208. We have examined too few samples of well water in the neighbourhood of sewage 
farms to allow of our drawing any safe conclusions, on experimental grounds, as to the 
admissibility of such wells. But on general grounds, and quite apart from any scientific 
data, it would seem to be unsafe to sink any shallow wells in the neighbourhood of sewage 
farms, or to use water for domestic purposes from any such existing wells, unless the 
evidence as to the safety of the water were of a most convincing kind, 


Deep wells sunk through an impermeable stratum are probably safe in the majority 
of instances, but wells not protected in this way, and sunk through fissured strata, can 
not be relied on to yield a safe water supply, however deep they may be. 


Chalk wells are, perhaps, the most dangerous in this respect, and a recent Report by 
Dr. Copeman on an outbreak of enteric fever at Fulbourn Asylum,* and a paper f read 
at a recent meeting of the Epidemiological Society by Drs. Richards and Brinker, serve 
to confirm this view in a striking manner. The latter mention that a culture of a special 
organism was poured into a “swallow” hole at a distance of about two miles from the well, 
and was recovered from the well water after 674 hours. It is doubtful whether sewage 
farms on chalk should be permitted without wide knowledge of the trend of underground 
water in relation. to water supplies. | 


An attempt was made to collect an effluent on the Luton farm by digging a pit in 
the chalk, and in this way a few samples were obtained. The results, so far as they 
went, showed that apart from the purification effected by the surface soil, sewage underwent 
comparatively little purification in its passage through about three feet of chalk. 


SEWAGE FARMS ON PEAT LAND. 


209. Peat being of the nature of a sponge is not suitable for sewage purification, 
because of the difficulty of draining it; and the consequent lack of aeration. Some observa- 
tions were made at the Worsley Sewage Farm, part of which is on peat land, and the results 
obtained there bear out this statement. The details of these observations are to be found 
in Vol. IV., Parts I. to IV., presented with our Fourth Report. 


MANAGEMENT OF SEWAGE FARMS. 


210. It is impossible to lay too much stress on the importance of sewage farms being 
well managed. In.this connection it has to be borne in mind that farm managers have a 
most difficult part to play, and no amount of care and attention will ever enable land, 
of any kind, to deal with a volume of sewage which is in excess of the effective purifying 
area of the soil. We think it would be useful that farm managers should be taught some 
simple test or tests to enable them to follow the operations of the land; that their in- 
structions should include a definite order to consider the farming results as quite secondary 
to the production of an effluent of the required standard ; that the statistics of the farm 
should be carefully kept; and that, wherever possible, the flow of sewage and storm 
water should be gauged throughout the year. 7 


As a general rule, we consider that sewage farms should not be let. 


: * Report of the Medical Officer, Local Government Board, 1905-6, Appendix A., No. 6, pp. 146-169. 
+ The Potential Danger of Water derived from Wells in the Chalk. 
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Some OBSERVATIONS AS TO THE Cost oF LAND TREATMENT OF SEWAGE. 


2i1. The cost of land treatment, as in the case of artificial filtration, varies with © 
local conditions, and no figures can be given which would be generally applicable. In | 
Table I. we give the annual cost per 1,000,000 gallons and. per head for the 
eight sewage farms which we had under our own observation for over two 
years. In each case, the cost per 1,000,000 gallons is based upon the dry weather 
flow of sewage. The actual flow, however, included large volumes of storm water in 
most cases. 


TABLE I. 


Farms which were under continuous observation by officers of the Commission 
for over two years. 


























Net cost of treating Net annual cost of 
Population ey Pipa the sewage per million | treatment per head of 
Place. draining to ie, ee o4 gallons (including loan | population draining 
farm. 8 ue i charges), based on to farm, including 
jaar” the dry weather flow. loan charges. 
Gallons. his rds 8. 7d. 
South Norwood - 21,000 600,000 #15509. Gill, *3 24 
Leicester - - - 197,000 7,250,000 Ob 12-284 L2G 
Croydon (Beddington 100,000 4,000,000 5 7 53 1 62 
Cambridge - - 50,000 2,250,000 2 5 5% O89 
Aldershot Camp - 20,000 1,000,000 7118 4 tO 8} 
Rugby (High Level) 6,000 300,000 1 9 8% 0 64 
Altrincham -— - 18,000 800,000 1 3 33 0 44 
Nottingham - - 258,000 7,000,000 The figures of cost cannot be given for 
Nottingham. Excluding loan charges, cost of 
pumping, and rent of farm, however, there is 
usually a small profit on the year’s working 
of the farm, which covers the cost of labour 
and also part of the rent. 








\ 





212. With a view to making some comparison between the cost of land treatment and 
the cost of treatment by “ artificial”? processes, we have thought it useful to work 
out the cost of treating on land a dry weather flow of 1,000,000 gallons a day, in certain 
hypothetical cases, following the plan adopted in regard to filters. 


It is assumed for the purpose of this comparison :— 


That, in the case of surface irrigation, sufficient fall is available, and 
that, in the case of filtration, the land is fairly level, admitting of its being 
used without abnormal expenditure in levelling and grading. 


That the sewage to be treated is of a normal domestic character and 
of average strength (7¢., gives a four hours ‘oxygen absorbed” figure of 
10 to 12 with strong permanganate, and requires about 100 parts by weight 
of oxygen for the compiete oxidation of 100,000 parts). 


ap That the flow of sewage is one million gallons per day in dry weather. 


That the district is sewered on the combined or the partially separate 
system. 


That the cost of the land is £100 per acre. 
* These figures include cost of pumping the effluent from the lower to the higher portions of the farm. 
+ No loan charges in the case of Aldershot Camp. 
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The soils and subsoils which we have considered, may be divided into the follow- 
ing three broad classes :— 


Class I, All kinds of good soil and subsoil, ¢.g., sandy loam overlying 
gravel and sand as at Nottingham, Cambridge, and Beddington. 


Class II, Heavy soil overlying clay subsoil, as at Rugby. 


Class III. Stiff clayey soil overlying dense clay, as at Leicester and 
South Norwood. 


Since variations exist in practice, both as regards the method of purification 
employed and the extent of cropping, the first of these three classes may be‘divided 
into three sub-classes, as follows :— 


Sub-class a. Filtration with cropping. 
Class I. Sub-class b. Filtration with little cropping. 


Sub-class c. Surface Irrigation with cropping. 
The method of purification assumed for the other classes of soil are :— 
Class IT. Surface Irrigation with cropping. 


Class IZI. Surface Irrigation with cropping. With a heavy soil and 
clay subsoil, by far the greater part of the purification is effected by surface 
irrigation, though in exceptional circumstances, such as obtain at Leicester, 
a good deal is also done by filtration. 


213. Having regard to the volume of sewage dealt with and the purification effected 
at the farms which were kept under our own observation, and the evidence given by 
various witnesses, we estimate that the several classes of soil and subsoil could 
effectively deal with the volumes of settled sewage given in Table IT. 











TABLE IL. 
: : Volume of settled sewage | Total area of land required 
Class of soil ae and method which can be dealt with to deal with a dry weather 
8: per acre per 24 hours. flow of one million gallons.* 
Sub-class a. Filtration with cropping — - 12,000 gallons 84 acres 
Class I.4 Sub-class b. Filtration with little cropping 25,000 gallons 40 acres 
Sub-class c. Surfaceirrigation withcropping 7,000 gallons 145 acres 
Class II. Surface irrigation with cropping - - 5,000 gallons 200 acres 
Class III. Surface irrigation with cropping - ~ 3,000 gallons 334 acres 








* These areas are sufficient for the treatment in times of storm water of three times the mean dry weather 
flow. 


Preliminary Tank Treatment. 


214, At many of the sewage farms named in Table I. there is no preliminary settle- 
ment of the sewage, while at some of them the preliminary process does not secure 
anything like complete removal of the suspended matter. 
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For: the purpose of. our: comparison; however, we have assumed preliminary 
settlement of the sewage in tanks of the capacities indicated in Table IIT :— 











TaBLe IIT. 
. » ty 3 Total Con- | 
Class of soil and subsoil and method sie ee Lota Number of | capacity of | structional 
: stay in | number of 
of working. pant tanks, |SPare tanks.) tanks cost of 
t ay (gallons) tanks.* 
Sub-class a. Filtration with cropping | 44 hours 4 1 250,000 £2,230 
[sob b. Filtration with little 
‘Class I. cropping - - - - - | 42% hours 4 1 250,000 | £2,230 
Sub-class c. Surface irrigation with 
cropping - - - . - | 44 hours 4 1 250,000 £2,230 
‘Class II. Surface irrigation with cropping ~- | 15 hours 8 2 833,333 £5,112 
Class III. Surface irrigation with cropping - | 15 hours 8 2 833,333 £5,112 








* The estimates of the constructional cost of tanks are strictly comparable with the estimates for similar 
plant in connection with the artificial processes, and have been obtained by preparing drawings and taking 
-out quantities. ; ° 


Cost of Preliminary Tank Treatment and Disposal of Sludge. 


215. We estimate that the working of the tanks and the disposal of the sludge, 
including trenching the land and covering the sludge, would require the services of 
two men for each of the first three classes (44 hours sedimentation), and the services 
of three men for the other two (15 hours sedimentation). | 


Taking labourers’ time at 21s. per week, and including one-third of the manager’s 
‘time at a salary of £130 per annum, the following figures are obtained :— 


TaBie IV. 








Labour and supervision in connection 
with tanks and disposal of sludge. 





Class of soil and subsoil and method of working. 














Per million gallons — 
Per annum. of sewage ; 
(dry weather flow). - 
£ td & 

Sub-class a. Filtration with cropping -  -— - _ 162 8 4 
Class I. Sub-class b. Filtration with little cropping - - 152 8 4 
Sub-class c. Surface irrigation with cropping — - - 152 8 4 
Class II. Surface irrigation with cropping naan (ot Ber 208 11.55 
Class III. Surface i:rigation with cropping oe ee Eee 208 LL 





In the case of Classes II. and III. (heavy soils and subsoils), it would generally be 
advisable to eliminate the suspended solids from the sewage to a greater extent than 
in the other class where the soil and subsoil are of good quality. 


With an average doriestic sewage, the suspended solids; after 43 hours settle- 
ment (continuous flow) would be about. 20 to 25 parts per 100,000, and, after a 15 
hours settlement (continuous flow), from 10 to 15 parts per 100,000. 
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Converting these amounts of suspended. solids into tons of wet sludge per 
million gallons, the quantities of sludge to be disposed of are approximately as 
follows :— ~ | 


TABLE _V. 
2 ah Wet sludge (90%water):} 4. 
Class of soil and subsoil and method produced per million eet cA sa Sat ae 
of working. gallons from the average | — 4... 34) ria sladse 
daily flow. P Be 
Sub-class a. Filtration with cropping - - 8 to 10 tons 5 acres 
Class I. | ee b. Filtration with little. cropping - 8 to 10: tons 5. acres 
\Sub-class c. Surface irrigation with cropping 8 to 10 tons 5. acres 
Class II. Surface irrigation with cropping ' - - - 17 to 20 tons: 12 acres 
{ 
Class III. Surface irrigation with cropping - - - 17 to 20. tons -' 20 acres 





Table VI. shows the total areas of land required for treatment .of the sewage 
and for disposal of the sludge, and the total cost of land and tanks. 























TABLE. VI. 
Total ; Cost of 
area of land | laying out 
. Area of Total cost r : 
Class of soil and Sees to | Jand required |i . ofland |/@ndincluding) Qo.t of 
. reat a dry : r . levelling, Total cost. 
subsoil. for disposal |'Total area.at £100 per): aerrotse |) tankg....j ve 
weather flow Pind on grading, 
of one million) °° SUCS® |» . underdrains, 
gallons. | | | carriers, etc. 
| 
£ £ £ es 
Sub-class a |° 84 acres ~S-acres~)89 acres} 8,900} ~--6,334--——|---2,230--| -17,464 
Class I. { Sub-class b 40 acres 5 acres 45 acres | 4,500 4,589 2,230° | 11,319 
Sub-class ¢ 145 acres 5 acres 150 acres | 15,000 4,494 2,230 4. 21,724 
ClassI  - -| 200acros | 12 acres | 212 acres 21,000 5,770 5,112 | 32,082 
Class III. - -| 334 acres 20 acres 354 acres |’ 35,400 TOPS AF BPTI? 48.111 


216. With regard to the underdraining of land, the necessity for drains depends not 
merely upon the nature of the soil and subsoil, but upon the volume of 
liquid dealt with per acre. A porous soil and subsoil like that at’ Beddington ‘can be 
made to answer perfectly well without underdraims, when a° moderate volume of 
sewage is applied; when, however, a large volume is applied, underdrains are 
necessary, in order to assist the land to ‘‘ dry-off”’ sufficiently rapidly. 


igre pen pecimenenne ane 


_ In Sub-class a (Class T.), we have assumed that the tributary drains average 
6 feet in depth and are laid 66 feet apart. 


~ In Sub-class b (Class I.), where the volume of liquid applied is larger, and the 
area proportionately less, the tributary drains, also 6 feet deep, have been placed 50 
feet apart. 


In the case of the surface irrigation farms (Sub-class c and Classes II. and III.), 
underdrainage has been allowed for, to provide for the contingency ‘of possible over 
sewaging of the plots ; but in the case of the heavy soils and subsoils we have assumed 
that the drains are only laid at a depth of 2 feet 6 inches and that they are brought to the 
surface of the ground to admit of re-treatment of the effluent by surface irrigation. 
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Loan Charges. 


217. Table VII. gives the loan charges in respect of cost of land, tanks, etc., on the 
basis of loans raised for thirty years, at 34 per cent, interest per annum. 


TaBLE VII. 











Loan charges in respect of land, 


Class of soil and subsoil and method of working. ‘tanks, laying out land, . 
underdrains, ete. 








Per million gallons 


Per annum. of sewage. 
(dry weather flow). 

ip? Gn! Sates yon 
Sub class a. Filtration with cropping - - - 949 12 1 212 0 

Class I. ‘) Sub-class b. Filtration with little cropping - ° 615 9 5 113 8} 

| Sub-class c. Surface irrigation with cropping - - 1,181 4 10 3 4 8% 
Class II. Surface irrigation with cropping mad to eet Wi 1,744 9 2 415 7 
Class III. Surface irrigation with cropping aE heh aaa ea Oe 2,616 0 8 7 3 4 





Labour in connection with the Distribution of the Sewage. 


218. The number of men required in connection with the distribution of the sewage, 
etc., must of course depend largely upon the nature and contour of the lands sewaged, 
and upon the nature of the crops raised, whether stock is kept, ete. 


From numerous examples of land treatment, however, we find that roughly speak- 
ing one man can attend to the distribution of the sewage over about 40 acres. 


It has been assumed in the present comparison that the services of the men who 
undertake the sludging of the tanks are available, and we estimate that in addition 
to these men the number of watermen required would be as follows : 


TABLE VIII. 


Class of soil and subsoil and method of working. Number of watermen required. 
lee a. Filtration with cropping rae Ge One. 

ClassI. ¢ Sub-class b. Filtration with little cropping : - One. 
| sub-class ce. Surface irrigation with cropping -~— - | Two. 

‘Class II. Surface irrigation with cropping - - — Three. 

Class III. Surface irrigation with cropping : - - - Four 





Taking labourers’ wages as before at 21s. per week, together with two-thirds the 
manager’s time, the cost of labour and supervision in respect of the distribution of 
sewage is as follows :— 


TABLE IX. 








Cost of labour and supervision 
|. In respect of 
distribution of sewage. 
Class of soil and subsoil and method of working. 





Per million 

Per annum. gallons (dry 

weather flow). 
£ Foe Bh 
Sub-class a. Filtration with cropping - : - 3 os 141 Re: 
Class I, 4 Sub-class b. Filtration with little cropping - - -  - aah 0 7 8% 

Sub-class c. Surface irrigation withcropping- - -~— - 196 010 9 

Class II. Surfaceirrigation with croppng - - - - -. = 250 013 83 


Class III. Surface irrigation with cropping - : - - 7 305 016 8} 
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219. The total cost of treatment, including loan charges and all other charges, is 
shown in Table X. 




















TABLE X. 
Total Gross Cost of Land Treatment. ° 
illi ll 
Class of soil and subsoil and method of working. Per annum. el Rance a aay 
Eg Sut fos. d. 
Sub-class a. Filtration with cropping - - -~ - 1,242 12 1 3 8 02 
Class I. / Sub-class b. Filtration with little cropping - -— - 9087.95.65 7 aaa ie 
Sub-class c. Surface irrigation with cropping = - 1,529 4 10 4 3 9F 
Class IT. Surface irrigation with cropping - . - - 2,202 9 2 6 0 84 
Class III. Surface irrigation with cropping Se oy ak nae! Dil 20 OW. 8 11 54 





Returns from Sales of Crops. 


220. In the case of land treatment of sewage, a part, frequently a large part, of the 
cost of treatment is defrayed by returns from sales of crops, stock, sludge, ete. 


These returns necessarily vary at different farms, but we find from a careful study 
of the figures obtained at thirteen sewage farms, that the net return, after deducting 
cost of agricultural working, may be put at about 30s. per acre of the total area of the 
farm. We have therefore taken this figure for our calculations in the following Table :— 


TABLE XI. 








Returns from sales of crops. 








Class of soil and subsoil and method of working. Scape ade Per million gallons _ 
‘ (dry weather flow). 
; EEG Ae afl Saas Ce la 
_ {Subclass a. Filtration with cropping — - - 126 0 0 0 6 103 
Class I.\ Sub-class b. Filtration with little cropping - 60 OO 0 3 3} 
Sub-class c. Surface irrigation with cropping - 217106" 0 Ore vl 
Class II. Surface irrigation with cropping - - - 300 0 0 O° 1G. 5 
Class II]. Surface irrigation with cropping - - - - 5OL 204.0 i pee ohn 5 








Total net Cost of Treatment. 


221. Deducting the returns from sales of crops from the gross cost of treatment, we 
obtain the following figures for the total net cost of treatment :— 


= 


TABLE XII. 





Net cost of treatment. 





Class of soil and subsoil and method of working. 





Per annum. Per million gallons, 
abe ed & sd. 
Sub-class a. Filtration with cropping <Spase Bee 1,116 12 1 5 heal eae 
Class I. ( Sub class b. Filtration with little cropping : - 848 9 5 oe. G 
Sub-class c. Surface irrigation with cropping = - - 1,311 14 10 3 11 102 
Class II. Surface irrigation with cropping - - - - . 1,902. 9 2 5 4 3 
Class III. Surface irrigation with cropping - - - 2,628 0 8 7 4 «0 


eer eee eee I FU ee | OVE THM oe SES ME IeOD TP BOT Oe 
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CoMPARATIVE Cost oF TREATMENT OF SEWAGE BY LAND AND BY ARTIFICIAL PROCESSES. 


222. Table XIII. shows the comparative cost of treatment of sewage by land and by 
artificial processes. 


. We wish to emphasize the fact that in the preparation of our “cost” tables, we 


have made a number of assumptions. and that the relative cost of different methods- 


would, in practice, largely depend on local circumstances. 


























TaBLE XIII. 
= *Cost per head of 
: Total cost of population 
eee: cosh treatment draining to 
reatment Hi i fies 1 
poets per million works (popula- 
P gallons. tion taken 
at 30,000). 
E | 
Method of Treatment. . PERCOLATING | FILTERS. 
: eee : dee: Ee et a. Te! 
Chemical precipitation, quiescent settlement 2 a a 
followed by percolating filters. Het oa oe Oe ame 
Chemical precipitation, continuous flow settle- 
ment, followed by percolating filters. } ATG 01 ae ooo tee 
Quiescent settlement, followed by percolating | 1,490 16 11 indus 0 113 
filters. | 
Continuous flow settlement, followed by per- Py enobs le 1 1: Sua 1 0 
colating filters. | 
Septic Tanks, followed by percolating filters  - 1,589.13, -4 A oT .42 1 0% 
ConTACT | BEDs. 
Chemical precipitation, quiescent settlement, ) | < 9 1 
followed by single contact beds. pete Sata Ageh saa 
Chemical precipitation, continuous flow settle- 9 9 1 
ment, followed by double contact beds. } ct tate Soa ee ie 
Quiescent settlement, followed by double | 2,393 0 7 Gite 17 
contact beds. | 
Continuous flow settlement, followed by). in as 
double contact beds. } acy asian Be 
Septic Tanks, followed by double contact beds - 2,661 9 6 T3410 aes s 
Class of soil and subsoil and method of Liwpelisah aie 
working. 
Sub class a. Filtration with cropping 1,116 12 1 ae on 0 8? 
Class I. Sub-class b. Filtration with little cropping 848 9 5 7 i Sa 0 63 
sebame c.Surface irrigation with cropping 1,311 14 10 3 11 103 0 104 
Class II. Surface irrigation with cropping - —- 1,902. 59 S82 5 4 3 1 3} 
Class III. Surface irrigation with cropping - 2,628 0 8 (Or yes Le 














*Based on a flow of 33 gallons of sewage per head per day. 


Assuming that really suitable land can be purchased at £100 per acre, land treatment 
of sewage is probably cheaper than artificial treatment, but where the soil is not suitable, 
and on which only a comparatively small volume of sewage can be treated per acre, 
the cost of land treatment would probably be greater than most of the artificial processes. 


The differences in cost are, however, small, and it is evident that, in deciding 
between the two methods, regard must be had to local conditions. If, for instance, 
£200 per acre had to be paid for land, the cost of land treatment would materially 
exceed the estimates given, which have been based on an assumed uniform price of 
£100 per acre. 


As a general rule an effluent from good land, properly worked, contains practically 
no suspended solids, but this cannot be said of artificial filters, even assuming that 
settlement of the effluent in tanks is adopted. This might be a factor of considerable 
importance in the case of some streams. 


The figures of cost in this section have been prepared by our Engineer, Mr. G. B. 
Kershaw. | 


Se 
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PART IV.—SLUDGE. 
DISPOSAL OF SEWAGE SLUDGE. 


223. The disposal of sewage sludge, whether it is produced by settlement after 
chemical precipitation, settlement without chemicals, or septic tank treatment, is one 
of the chief difficulties in dealing with sewage, especially in the case of large towns or 
cities. Probably it will always remain so, excepting at small sewage works, for although 
sewage sludge contains small quantities of nitrogenous compounds and phosphates, and 
sometimes grease in sufficient quantity to repay extraction, by far the greater part of it 
consists, in addition to moisture, of mineral matters, together with some cellulose. 


Conversion of Sludge into a Marketable Manure. 


224. Two processes for converting sludge into a marketable manure have been under 
observation by us, viz.:—the production of “ Native Guano” by the Native Guano 
Company, Limited, at Kingstor-on-Th: mes, and the production of “ Globe Fertilizer ” 
by Mr. Melvin’s process at Glasgow. 


KINGSTON-ON-THAMES., 


At Kingston a quantity of alumino-ferric, together with blood, charcoal, and clay 
is added to the sewage. This mixture acts as an extremely efficient precipitant, pro- 
ducing uniformly, from a sewage of about average strength, a tank liquor containing 
seldom more than two parts of suspended matter per 100,000. The sludge is removed 
from the tanks, pressed, partially dried by heat and sieved, and, after further air-drying 
during storage, is sold under the name of “ Native Guano.” The cost to the inhabitants 
of Kingston of the precipitation of the sewage and the disposal of the sludge * is Is. 8d. 
per head per year. This is considerably less than it would be if a less expensive precipi- 
tation process were adopted and the sludge barged to sea. Further, although there is 
generally a slight peculiar odour of Native Guano upon the works, the treatment, so far 
we have observed it, has been free from nuisance. i 


It will be seen from the manurial experiments with sewage sludges, which are referred 
to later, and which Were carried out for the Commission through the Board of Agriculture 
and the Royal Agricultural Society, during the seasons 1905-7,7 that unit for unit the 
nitrogen and phosphate of the Native Guano were less effective, at all events within the 
limits of one season, than the same constituents applied in the form of ordinary artificial 
manure. Judged solely in this light, the price of the Native’Guano is in excess of its 
direct manurial value. On the other hand, the books of the Company show that the 
manure is sold to the same farmers year by year. The manure appears to be used to 
a considerable extent for flower culture. 


We doubt whether the process could be worked as a financial success if it were 
adopted at a Jarge number of places, as, apart from the considerations which have just 
been mentioned, a greatly increased production of the manure would, we think, be certain 
to lower the price considerably. 


It should be added, however, that the cost of the precipitation, and possibly also of 
other parts of the manufacture of the Native Guano, might, we think, be materially 
reduced by working on a large scale. 


* This constituted the whole process at Kingston during the greater part of our observations. 
The figure 1s. 8d. per head refers to the precipitation and sludge disposal only. The precipitation 
liquor is now (1907) treated upon filters. 

+ Reports upon Experiments with various kinds of Sewage Sludges, as applied to mangolds, grass 
and cereals, by Dr. W. Somerville (1906), Mr. T. H. Middleton (1907), and Dr. J. A. Voelcker (1907), 
Appendix VIII. 
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A sample of Native Guano (A.), made up of eighty-five different fractions, was taken 
on March 23rd, 1905, and examined both chemically and bacteriologically. It was in 
afine state of division. In the second column are given the figures of analysis of another 
sample of Native Guano (B.), examined partly in October, 1904, and partly in January, 








1905. The following results were obtained :— i < 
Per cent. Per cent. 
Moisture (at about 110°C.) - - - - - - 25°87 10°19 
Matter volatile on ignition - - - - - - 37°99 45°08 
Non-volatile matter - - - . - - - 36°14 44°73 
100°0 100°0 
Analysis of Non-Volatile Matter. 
Per cent. Per cent. 
Grit (¢.e., matter insoluble in hydrochloric acid, after 
ignition) - - - - - - - - 22°33 28°04 
Oxides of iron and alumina* - - - - - - 10°10 11°59 
Limet - - - - - - - - - - 3°30 4°78 
Magnesia - - - 0°42 
Potash (soluble in dilute hydrochloric acid) - approx. 0°16 — 
Potash (soluble in water) - - - - 0°06 — 
Phosphorie acid (P,O;) - - - - - - 1:74§ 2°35§ 
Equivalent to tribasic phosphate ae lime - - - 3°30 5°13 
Yield of Nitrogen (total) - - - - - - 1:98] 2°49|| 
Nitrogen evolved as ammonia on boiling for 2 hours with 
a dilute solution of potash (0°5 per cent. KOH) - 0°41 0°50 


Allowing for the difference in moisture, the above two samples have almost the 
same composition, but B. is slightly richer in nitrogen and phosphoric acid than A. 


Bacteriological Analysis.—Sample A. 


Kingston “Native Guano.” Average of eighty-five samples, March 23rd, 1905. 

B. Coli Test.—Negative result with 1 gramme. 

Neutral Red Broth Test.—As regards fluorescence, positive with 1-1,000 ; negative 
with 1-10,000 of a gramme. Growth in tube inoculated with 1- 10,000, 000, 000 of a 
gramme, indicating the survival of an enormous number of bacteria. 

B. Enteritidis Sporagenes Test.—Positive result with 1-1,000; 
1-10,000 of a gramme. 


negative with 


GLASGOW (DALMARNOCE). 


225. Mr. Melvin’s process at Glasgow for the production of the “ Globe Fertiliser ”’ 
is somewhat similar to the process for the production of Native Guano. The sludge is 
produced from the Glasgow (Dalmarnock) sewage by precipitation with lime and ferric 
sulphate. After removal from the tanks it is pressed, and that part of it which is to be 
converted into Globe Fertiliser is then artificially dried at a temperature of about 65° to 
70° C.. and finally passed through a pan-mill. It issues from the latter as a moist brown 
powder, which is given the name of “Globe Fertiliser.” An average sample of this, 
collected on April 6th, 1905, gave the following figures on analysis :— 





Per cent 

Moisture ( at about 110° C.) - . ies Se ee 
Matter volatile on heating : E “ 5 = - - - 33°98 
Non-volatile matter  - : ‘ 1 : : . x ~ 45Bi 
100°0 





 — * These oxides will contain the phosphoric acid and possibly a very little of the lime. 

+ The lime was precipitated only once; it will contain traces of magnesia. 

§ || The figures for phosphoric acid and for total nitrogen are in each case the mean of two closely 
agreeing estimations. 
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Analysis of Non-Volatile Matter. 


Per cent. 
Grit, etc. (7.e., matter insoluble in hydrochloric acid, after ignition) - 10°75 
Oxides of iron and alumina* . : - - - - - - 13°42 
Limet - Ee haere - 3 eee - - 5 -  - 12°09 
- Magnesia - - - Sr - - - - - - -_— 
Potash (soluble in hydrochloric acid) - - - : - approx. 0°10 
Phosphoric acid (P, O,) : = - - - - - - - 1-1lt 
Equivalent to tribasic phosphate of lime - - : - - - 2°42 
Yield of Nitrogen (total) : - . - se ©. - - - 1°30] 
Nitrogen evolved on boiling the sludge for 2 hours with dilute (0°5 per 
cent.) potash solution on May 22nd*_ - . - - - 0°06 


¢ Grey mould on surface, at this date, which was avoided in sampling). 


Bacteriological Analysis. 


Glasgow, “‘ Globe Fertiliser.”” Average of twenty samples. 


B. Coli Test.—Negative result with 1 gramme. 


Neutral Red Broth Test.—As regards fluorescence, positive result with 1-1,000; 
negative with 1-10,000 of a gramme. Growth in 1-100,000; no growth in 1-1,000,000 
of a gramme. 


B. Enteritidis Sporogenes Test.—Positive result with 1-100 ; negative with 1-1,000 
of a gramme. 


A larger portion of the sludge is converted into pressed cake, without being artificially 
dried. 


The following table shows the production and sale of Globe Fertiliser and pressed 
cake at the Glasgow (Dalmarnock) works during the five years ending March, 1907 :— 


AGGREGATE QUANTITIES OF 5 YEARS’ WORKING. 








Toeeount TO CALE HERE at Total amount Total amount Total amount of 
f wet slud ressed cake of pressed cake of Globe Fertiliser 
. deal oe ps ee sold to Globe Fertiliser sold to 
ealt with. ae uced. farmers. produced. Customers. 
(Tons). (Tons). (Tons). (Tons). (Tons). 
1,104,297 177,566 124,883 5,702 5,703 
(Moisture (Moisture 60 
91% approx.). to 65%). 





Mr. Melvin gives the costs relating to these figures (excluding interest and sinking 
fund), as follows :— 


Cost of pressing alone, per ton of pressed cake.—2s. 07d. 


Cost of production of Globe Fertiliser, approximately.—ds. 6d. per ton, excluding 
pressing of wet sludge. 


Total cost of production of Globe Fertiliser, approxzimately.—10s. per ton. 


The average price obtained for the pressed cake was 8d. to 1s. per ton in bulk; 
the average price for the Globe Fertiliser 8s. to 10s. per ton in bulk, or 14s. per ton in 
bags. The purchaser pays the carriage in all cases. : 








* These oxides will contain the phosphoric acid and possibly a very little of the lime. 
+ The lime was precipitated only once ; it will contain traces of magnesia, 
{ 1 The figures for phosphoric acid and for total nitrogen are in each case the mean of two closely 


agreeing estimations. 


(8, 502 et. seq. 
Fourth Report, 
Vol IL.) 
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The analyses of the pressed cake and Globe Fertiliser are given by Mr. Melvin 
as follows :— 








Pressed Cake. Globe Fertiliser. 


























Per. Cent. Per Cent 

(1) Organic Matter - ay no Se : 13°84 35°20 

\2) Mineral Matter - - - - - - - 18°16 46:20 

Moisture - - - - : = - 68-00 18°60 

100°0 100-0 

(1) Containing Nitrogen - - - - . . “52 1:34 

Equal to Ammonia~— - - - - : “64 1°63 

Or Sulphate of Ammonia - - - : - 2°49 6°33 

(2) Containing Phosphoric Acid - - - - - 54 1°39 

Equal to Tribasic Phosphate of Lime - - - 1-19 3°03 
Analysis Value - - - : - - - 6s. 11d. per ton. 17s. 8d. per ton. 








It will be seen, therefore, that at Dalmarnock, by careful organisation and advertising, 


‘practically the whole ofthe sludge is disposed of by sale, either as pressed cake or as 


Globe Fertiliser, the cost of the sewage treatment being in this way materially reduced. 
The saving effected is about 4s. per 1,000,000 gallons. During the three years ending 
March 31st, 1907, the whole of the pressed cake was sold to farmers. The demand is 
still increasing and the connection 1s now good enough to obviate the necessity for 


advertising. 


Mr. Melvin states that it is more convenient to sell sludge as pressed cake than 
as Globe Fertiliser, partly because less work is entailed in the former case, and partly 
because in the manufacture of the Fertiliser much dust is produced, and he finds it 
difficult to get his men to wear respirators. For this reason, the Globe Fertiliser is now 
made during spring and autumn only, and the quantity is diminishing year by year. 


In comparing the sale of pressed cake at the Dalmarnock works with sales and 
possibilities of sales elsewhere, it has to be specially noted that there is a branch line of 


railway into the Dalmarnock works, and therefore no carting is required. 


Disposal of Sludge by Depositing at Sea. 


226. There can be little doubt that, for cities on or near the sea-board, the disposal of 
sludge by taking it to sea is, in the majority of cases, the cheapest process. 


Except, however, in the case of the Barrow Deep, where the London sludge 


is discharged, little attention appears to have been paid to the effect of the sludge upon 


the character of the water in the neighbourhood of the dumping area. In order to avoid 
nuisance and possible danger to health from the pollution of shell-fish, periodical examina- 
tion of the local conditions is generally desirable wherever this method of disposal is 


adopted. 


Lonpbon. 
227. The plan adopted for the disposal of the London sludge was fully explained to us 
by Mr. M. Fitzmaurice, C.M.G., when giving evidence on July 14th, 1903. 


It will be seen from the evidence that the sludge is deposited at the Barrow Deep, 
over a length of trom five to ten miles. 


The Barrow Deep is practically the open sea, being situated about 20 miles below 
Southend, ee 
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The following table, which has been more recently supplied to us by Mr. Fitz- 


maurice, shows the quantity of wet sludge, etc., deposited in the Barrow Deep during 
the years 1903, 1904, 1905 and 1906 :— 


County of London. 











Total cost of 
sending to sea, 
: per ton of wet 
: Average daily poten Tua vag, of Average per- Fou Number of | sludge; interest, 
. sludge produced quantity of . >. 
Year quantity of at Hatter and | centage of Iud bto| tips made | sinking fund, 
‘ |sewage dealt with. Cancibes moisture in |S UCS°SeRENO)| by the steamer dues, 
(Gallons.) T ‘ the sludge. (Ton steamers. cost of filling 
( que.) gue) ships and all 
charges in- 
cluded. 
1903 259,769,466 2,563,000* 92-02% 2,563,000* | 2,563 4-51d. 
1904 250,590,204 2,530,000 92-28% 2,530,000 2,530 477d. 
1905 250,698,649 2,578,000 | 92-16% 2,578,000 | 2,578 4-40d. 
1906 252,882,247 2,465,000 91:95% 2,465,000 2,465 4-53d. 

















The average cost of sending the London sludge to sea during the years 1903 to 1906 
inclusive, including interest, sinking fund, cost of filling ships, labour, fuel, repairs and 
all charges, was thus 4°55d. per ton of sludge containing on the average 92:1 per cent. of 
moisture. 


228. At our request Mr. Fitzmaurice carried out some float experiments in the Barrow 
Deep during spring and neap tides in September, 1905. These experiments showed that, 
with the exception of a slight set towards the Maplin Sands at flood tide, both the ebb. 


and the flow took a course directly along the Barrow Deep. We note, however, that. 


floats started at the most westerly point at which the steamers begin to discharge sludge 
were carried back on the flood tide nearly as far as the Nore Lightship. The experiments 
are shown graphically in the Fourth Report of the Commission, Vol. IL, p. 106. 


With regard to the condition of the water in the Barrow Deep, we may refer to the 
evidence of Professor F. Clowes, D.Sc., F.I.C. As the result of the examination of four 
series of samples collected in the Barrow Deep, Dr. Clowes makes the following Statement 
of Conclusions :— 3 


“A study of these tables shows that there are on an average over 100,000,000 


“of bacteria per cubic centimetre in the sludge discharged by the Council’s steamers. 
“in the Barrow Deep, and that about half this number are probably of intestinal! 


“origin, since they are capable of growing at blood heat (37° C.); but that 
“immediately after the discharge of the sludge the number in the water of the 


** Barrow Deep is less than 2,500 per cubic centimetre, and that the number of 


“intestinal bacteria is generally less than 10 per cubic centimetre; indicating a 

‘reduction of about 99-9 per cent. in the total number of bacteria and of intestinal 

‘bacteria. Further, that the number of bacteria in the water which is carried out 

~ “of the Barrow Deep towards the mouth of the Thames, by an incoming flood tide, 

“is still further reduced to an average of 440 per cubic centimetre, and that the 
-“ number of intestinal bacteria has also further decreased.” 


The results of two experiments by Dr. Clowes upon the effect of sea water on 
bacterial life appear, so far as they go, to indicate that sea water does not exercise any 
marked inhibitory effect upon the life of the bacteria. On this showing, therefore, 
the above decrease in the number of bacteria in the Barrow Deep must. evidently 
be looked upon as due to mere dilution of the sludge with sea water. 





*The quantity of sludge produced per annum may be slightly different from the quantity sent to sea per annum, 
as a certain amount of sludge is sometimes in store at the end of one year but not sent to sea until the beginning of 
the following year. This difference is not shown in the above table. 


+ The cost of filling the ships with sludge cannot be stated separately. 


Clowes, 18,636. 
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Examination of the Sands in the Barrow Deep and the Thames Estuary. 


229. In August, 1899, Dr. Clowes made a chemical and microscopical examination of — 
samples from the sea bottom in the part of the estuary where the sludge is deposited, 
and in parts of it which might be affected by the sludge. His conclusions are given as 
follows :— 

“The results of these examinations of thesands and of the deposits in the 
“Barrow Deep and in other channels in the estuary of the River Thames, during 
“the period 2nd to 12th August, 1899, show that no sludge is carried by the tide 
“beyond the limits of the Barrow Deep and the Oaze Deep in a westerly or 
‘“‘up-river direction. The sludge which is carried in an easterly or seaward 
*‘ direction must meet with so great a volume of sea water that it is quickly broken 
‘“‘ up into innocuous bodies, and thus prevented from travelling beyond the Barrow 
“Deep. Accordingly no evidence of pollution by sludge was obtained in an 
“easterly, northerly, or southerly direction.” 


The subject of sea water in relation to bacteriological life is more complicated than 
would appear at first sight, and before conclusions can be drawn with confidence as to 
the effects of deposition of sludge, observations extending over a lengthened period and 
under a variety of conditions would, we think, be required. 


Taken in conjunction with Mr. Fitzmaurice’s float experiments, the above results 
furnish grounds for the presumption that the polluted water is for the most part carried 
out to the open sea on the ebb tide; but conclusively to prove that none of it returns 
with the flood, extensive experiments covering the whole area of the Thames estuary 
would be necessary. 

GLASGow. 


230. There are at present (1907) two outfall works at Glasgow—the Hastern or 
Dalmarnock outfall and the Western or Dalmuir outfall. As has previously been 
said, the whole of the sludge at Dalmarnock is pressed and disposed of to farmers, 
either as pressed cake or as Globe Fertiliser. At Dalmuir, with the exception of the 
grit from the catch pit and the screenings of the sewage, both of which are mostly dis- 
posed of by sale to farmers at a price of about 8d. to ls. per ton., plus railway carriage, 
the whole of the sludge is taken by the s.s. “‘ Dalmuir,” and discharged in about 80 
fathoms of water some three miles below Garroch Head, a distance of about forty 
miles from Glasgow. 


The following figures, which have been supplied to us by Mr. Thomas Melvin, 
relate to the disposal of sludge at Dalmuir for the three years subsequent to the 
opening of the works in May, 1904 :— 


AGGREGATE QUANTITIES FOR THE 3 YEARS ENDING MARcH 31st, 1907. 














i OER OOEE a Average cost, per 
Total Average ponding ee ton of ait sludge, 
Total quantity of ne oe ahey number of Ae rend t of handling the 
sludge produced a aes Y a aka journeys made mtn i sludge after it leaves 
by precipitation. gr aah P per annum by . the precipitation 
T of moisture. at sea. th sinking fund and tantke Soaeiia eee 
aes (Tons). ;  ._,,| cost of filling ships, | "8055: rg 
s.s. “ Dalmuir. per ton of wet of filling the ship. 
sludge. 
25, d. 0,% d. 
915,689 86:81% 915,689 268 full. full. 











The cost of sending the sludge to sea during the year 1906-7, including the cost of 
filling the ships and the interest and sinking fund for the same period, was 5,4. per ton, for 
349,492 tons of sludge containing 85°54 per cent. of moisture. This includes interest 
and sinking fund on a specially constructed dock, as well as upon the steamer. The 
loan for the dock and the steamer is repayable, however, in equal instalments extending 
over the long period of sixty years. If it were repayable in thirty years, the above cost 
would be approximately 62d. per ton. 


*This includes the cost of fuel for the electrically driven pumps which lift the sludge into the overhead 
reservoir tank. 
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Through the courtesy of the Glasgow City Corporation one of our officers was enabled 
to witness the discharge of sludge into the sea on November 20th, 1907. When the steamer 
reached a position about 3 miles 8.8.W. of Garroch Head; between the Island of Arran 
and the mainland, the engines were stopped, and while the steamer continued to move 
slowly, she was turned so as to describe a half-circle of about + of a mile in diameter. 
All the sludge valves were open during this time (about five minutes), the whole of the 
sludge being thus discharged. From the bridge of the steamer the sludge could be seen 
just below the surface of the clear water as a thick brown cloud. It rose to the surface 
behind the steamer, appearing from a distance as a band of smooth water some 20 or 
30 yards wide. Many thousands of gulls which had followed the steamer immediately 
settled upon this. On turning and passing through the sludge band, after about eight 
minutes had elapsed since the steamer first began to discharge, it was seen that the 
band had widened considerably ; and after 15 to 20 minutes, during which another turn 
was made, the sludge was still easily visible, though more disseminated. Probably it 
disappears entirely in the space of half-an- hour. The impression produced on the 
observer was that, even with the small tide of two knots an hour, everything but the 
very heavy solids would be spread over a very large area before reaching the bottom. 
The depth of the water was about 76 fathoms. We were informed that the tides run 
straight up and down the Firth, part of the incoming tide flowing between Bute and 
Little Cumbrae and part turning to the left towards Kilbrennan Sound. No analyses of 
the water in the neighbourhood of the dumping area have been made by the Local 
Authorities. We were told that the water in the neighbourhood of the dumping“area 
is a favourite fishing ground. 


MANCHESTER. 


231. The sludge produced at the Manchester sewage works (Davyhulme) is taken by 
steamer through the Manchester Ship Canal and deposited in deep water outside the 
North-west lightship. The lightship is situated in the open sea some 12 miles north of 
Rhyl and about 25 miles north-west of Liverpool. 


The following figures, relating to the disposal of the Manchester sludge during the 
past five years, have been supplied to us by the Rivers Department of the City of 
Manchester. 












































Total Apes Total Sea Cost :— 
Veer Total quan- quantity ig het Number 
ending | Nature of sludge. ae chase pepe ade Excluding interest | 12cluding interest 
March - dered ©” |moisture ie re and sinking fund 
3] produced. | sent to : the and sinking fund 
st. T in the 4 2 charges(onsteamer), 
( ons). sea. steamer. charges and also Z 
(Tons). | *"08® cost of filling ship. | _ Put excluding 
8 8 P- \cost of filling ship. : 
fies is ton |i> <p, ant 4 ton 
annum. 1 Ve annum. rl he 
sludge. ~’ | sludge 
1903 | Chemical precipi-| 223,100 | 223,100 | — 181 | £5,983 | s-ra. | £7,273 [7 Jie 
tation (mainly) 
and septic tank 
sludge 
1904 | Chemical precipi-| 157,100 | 157,100 | *85-0 129 £4,366 | 66d. | £6,356 9-7d. 
tation and septic 
tank sludge 
+1905 |Sedimentation and} 148,100 | 143,800 | *85-4 123 | £3,994 | 6°7d. | £5,984 | 10-0d. 
septic tank sludge! 
71906 Do. 155,800 | 142,200 86°1 136 | £4,976 | 8-4d. | £6,966 | 11-8d. 
+1907 Do. 181,600 |176,300 | 86:7 163 | £4,758 | 65d. | £6,748 | 9-2d. 
Total for 5 years - 842,5C0 Average| 67d. | Average| 9°5d. 




















* Percentage of water in septic tank sludge only. 
+ During these years the sludge steamer also ran on kehalf of the Salford Corporation, making 
the following additional number of j Journeys :—1905, 44 ; 1906, 36 ; 1907, 25. 
t Cost of filling ship, including sludge tank attendant, ejector attendant, repairs to ejector, and 
also including steam production, engines, and interest and ‘sinking fund charges : — 
Average—£123 per annum =0'14d. per ton of wet sludge. 
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SALFORD. 


232, The sludge from the Salford Corporation Sewage Works at Weaste is also sent 
through the Manchester Ship Canal and deposited outside the North-west lightship. The 
following figures, which have been supplied to us by Mr. J. Corbett, the Borough 
Surveyor, relate to the disposal of the Salford sludge for the years 1902-6 inclusive :— 




















. : : Total cost, per ton of wet 

Total tity of Apalice: Average ela Number of sludge, of sending to Bee, 

ripe tl WY. i ete 8 ae nt | centage of mois-| «avs made | meluding interest and sink- 

Year. Selle ite byt phe nak a ture inthe | / re ‘S4 amor, | 2g fund, canal dues, cost of 

(Gallons). Tons) sludge. y ' filling ship and all other 
eta charges. 
1902 | °3,802,182,451 129,000 80-2 215 
1903 3,989,619,000 135,000 73°6 225 
1904 3,335,080,548 134,900 193 | he) 
1905 3,782,877,000 134,900 75-4 184 
1906 4,227,950,000 145,400 81-0 | 191 
Average for the five years 9°46d. per ton. 











Nor s.—The percentage of water in the Salford sludge was exceptionally low during the years in question, owing 
partly to the fact that some old air-dried sludge which had accumulated on the works was mixed with the fresh 
sludge from the tanks. This had, of course, the effect of reducing the cost of sea disposal per ton. 


DCBLIN. 


233. At Dublin the whole of the sludge produced by the precipitation of the sewage 
with lime is taken to sea in the “‘s.s. Shamrock” and deposited in about 90 feet of water, 
some 2 miles N.E.E. of the Bailey Light on Howth. The following figures, which hav 
been supplied to us by Mr. Spencer Harty, show the cost of disposal :— . 


THE FIGURES REFER TO THE YEAR ENDING OCTOBER 22ND, 1907. 


























Cost of 
ae Total ot 
| sea, includ-| Cost of pt ae 
; : sludge to sea, 
ing all |, filling mB Me 
Average Total Total charge:,* | ship aig F all au 
Total quantity of daily quantity Percent-, quantity | Number | except the | from “ki t oe 
sewage treated | quantityof | ofsludge| age of | ofsludge| of trips cost of | sludge | * 5 ma i va 
during the year. sewage pro- | water in sent to |made by} filling the| reser- ne - Bre 
(Gallons). dealt with. | duced. | sludge. sea. |steamer.| ship and voir. % ae 
(Gallons). | (Tons). (Tons). interest | (Per ton ‘7 all ry 
and sink- of aie bg 229 
ing fund | sludge.) P ete f 
onsteamer. ( la i : 
(Per ton of ences 
sludge.) 
4,829,000,000 | 13,230,000 | 114,560 | 90% | 114,560; 320 3°47d. 4 | 00494. 5-02d. 
(approx). By 


House Harbour. | 


* In the case of Dublin 














no harbour dues are payable; the Corporatien are the owners of Pigeon 


+ The average interest and sinking fund on the cost of the steamer (£11,139) is given as follows :— 
Average sinking fund 


The loan for the steamer is 


in 39 years. 


Average d 


ividend 


£146 
£362 


Total £508 


Ancluded in the loan for the entire main drainage works, and is repayable 


+ In this figure is included an item of £196 6s. Od. for ropes, ironmongery, uniforms, lamps, clock, 


bedding, etc. 
on this account. 


The vessel is a new one, and this was her first equipment. The figure 3°47d. is somewhat high 
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SoUTHAMPTON. 


_ 234, At Southampton the sludge from the sedimentation tanks is pumped into a barge 
which is then towed by way of Spithead to a position 3 miles from land, when the 
sludge is discharged. The operation is carried out by contract, the Corporation paying 


ls. 2d. per cube yard of sludge. 


The contractor supplies the barge and the tug. 


The capacity of the barge is 114 cube yards. The following figures relating to 
Southampton have been supplied by Mr. J. A. Crowther :— 


THE FIGURES REFER TO THE YEAR ENDING MARCH, 1907. 








Percentage of” 


Potel quiahistizcoky moisture in the 


sludge sent to sea. _ 


~ Number of journeys 
made by tug with 





Cost of disposal, exclud- 
ing cost of filling barge 
and interest and sinking 





sludge. barge. fund on pumping 
: machinery. 
16,896 cube yards about 90. 149 | ls. 2d.7 per cube yard 
or about 13,950 | or about 1s. 4°9d.* per 
tons.* ton. 


| 





* These are calculated figures ; they are only approximate. 
+ This is the contract price. 











235. SUM 
A. B. C. Dz. 
Average 
annual Average 
Year or years| quantity of | percentage 
Place. |towhichthe|* sludge of water in 
figures refer.| deposited at| _— sludge 
sea. actually 
poe deposited. 
(Tons). 
Glasgow -| 1906-7. 305,000 86°8 
Salford -| 1902, 3, 4, 136,000 79-0 
5, and 6. 
Dublin -| 1906-7. 114,560 90-0 
ap. 
London - | 1903, 4, 5, | 2,534,000] 92-0 
and 6. 
Manchester- | 1903, 4, 5, 168,500 86:0 
and 7. ap. 
Southampton, 1906-7. 13,950 90-0 
ap. 




















E. 


Total cost of 
sea disposal, 
including 
cost of filling 
ship, interest 
and sinking 
fund,steamer 

dues and 
all other 
charges. (Per 
ton of sludge 
actually 
deposited.) 


5-40d. 


9°45d. 


5-02d. 


9-64d. 


16°9d. 





F. 


Total cost of 
sea disposal, 
including 
cost of filling 
ship, interest 
and sinking 
fund, steamer 
dues and all 
other 
charges. (Per 
ton of dry 
solid matter.) 


409d. 


50-2d. 


569d. 


68-9d. 


169-0d. 





} 


MARY OF FIGURES RELATING TO COST OF SEA DISPOSAL. 











G. Hi. 
| Total cost of 
sea disposal, 
including 
cost of filling 
ship, interest 
and sinking 
fund, steamer 
dues and all| Remarks. 
charges ; 
calculated 
as per ton of 
sludge 
containing 
90 per cent. 
of water. 
* 
4-1d. Large 
quantity of 
thick sludge. 
Loan 
repayable in 
60 years. 
* 
45d. | Heavy canal | 
dues. Very 
thick sludge. 
* 
50d. No harbour: 
dueg and 
short 
distance to 
dumping 
area. 
* 
56d. Very large 
quantity, but 
thin sludge. 
* 
6°9d. Heavy canal 
dues. 
169d. | By contract. 








* These are figures obtained by calculation, on the assumption—which is probably not quite correct— 


that it is as easy to deal with dense as with liquid sludge. 


There would probably be more wear and tear of 


machinery in the case of dense sludge, but on the other hand the same amount of solid matter in the form 
of liquid sludge might mean more steamer capacity. The figures in column G. must therefore be taken as 
giving only an approximate idea of comparative costs. 
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are 


22,630. 
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Pressing of Sludge. 


236. The plan of pressing sludge is adopted at a large number of places. Strictly 
speaking, it is not a method of disposing of the sludge finally ; but at by far the greater 
number of places where pressing is done, it has the effect of converting the sludge into a 
form in which it can either be sold to farmers for a return of something like 6d. per ton, or 
can be tipped or buried without serious expense. For this reason it may generally be 
considered an effective means of disposing of sludge. | 


Very briefly, the plan is as follows:—The sludge produced by the settlement of 
the sewage, with or without the addition of chemicals, is first run, or pushed by hand 
labour, from the settling tanks into a sludge well or tank. In this well it is allowed to 
settle for some little time, and, after the supernatant liquor has been drawn off, the thick 
sludge is mixed with from 0°5 to 1 per cent. of lime (or even more) in the form of milk of 
lime and then forced by means of compressed air into filter presses. In this way, on the 


average, something like 30 or 35 per cent. of the water in the wet sludge (which may 


be taken at approximately 90 per cent. on the average) is removed, leaving a moist but 
solid cake which may contain from 50 to 65 per cent. of water. The liquid pressed from 
the sludge is run back into the settling tanks for re-treatment. It is strongly alkaline, 
owing to the lime which has been added to the wet sludge. The pressed cake is scraped 
from the press-cloths into trucks and either sold to farmers, buried, or tipped. The 
cost of the process, excluding interest and sinking fund in respect of the pressing plant, 
may be put at from 2s. to 5s. per ton of pressed cake produced. _—_ As will be seen from 
the appended table, however, it: varies largely at different places, depending mainly 
upon :— 


(a) The amount of lime added to the sludge ; 
(b) The kind of sludge pressed ; 
(c) The size of the works at which the plan is adopted. 


The variation in cost, dependent upon the kind of sludge to be pressed and the 
amount of lime to be added, is readily seen from the table. 


As regards the variation in cost, dependent upon the kind of sludge to be pressed, 
it may be pointed out that the solid matter in septic tank sludge, especially in sludge 
from a tank which has been in use for a long time (say, a year) without cleaning, is generally 
in a very fine state of division. For this reason, a large quantity of lime has usually to 
be added to it, in order to prevent the press-cloths becoming clogged. At Hanley, it is 
true, only a very small amount of lime is used, but the septic tanks are cleaned out at 
short intervals (once every month), and there is a considerable quantity of “clay slip ” 
in the sewage, which apparently helps the settlement and possibly delays the putrefaction 
of the sludge in the septic tanks. It is to be noted also that the milk of lime is added hot 
at that place. 


At Nelson and at Burnley, where septic tank sludge is pressed, the quantities of lime 
added are respectively 9°6 per cent. and 15 per cent. of the pressed cake, and the cost 
of pressing, excluding interest and sinking fund, is 4s. 6°9d. and 4s. 3°4d., respectively. 
At Rochdale it was found necessary to add at least twice as much lime to the septic tank 
sludge as was required for the pressing of the chemical precipitation sludge, viz., 10 per 
cent. as against 5 per cent., calculated on the pressed cake. At York, so much lime had 
to be added to the septic tank sludge, in comparison with the amount required for the 
treatment of sludge from precipitation tanks, that the process was abandoned as being 
prohibitively costly. 


We may refer also to the evidence given by Dr. James B. Wilkinson, who said that 
at Oldham they had found great difficulty in pressing the sludge from septic tanks. 


In some cases, unusyally large quantities of lime are added to precipitation sludge 
before pressing, but this is where manufacturing waste of a greasy nature finds its way 
into the sewers, or where, as in the case of Ealing, a specially hard cake is made, in order 


COST OF PRESSING SLUDGE. 


In all cases, ae otherwise stated, the cost of pressing is taken as beginning when the sludge is out of the sedimentation tanks and is ready to be pumped into the presses. The 
cost of sludging the sedimentation tanks is not included. The cost of pressing is taken as ending when the pressed cake is in the trucks below the presses. 






































A B C D E F G H I J K L 
_ Cost of press- | Cost of press- 
Proportion of ing iy sludge, in- | ing the sludge, in- 
lime added to the . : ing labour, cluding labour, 
sludge for the pur- | él, lime, press- fuel, lime, pross- 
wis pose of pressing ; cloths, repairs and | cloths, repairs and 
ehick'the: Petal Kind of slud stated as per cent. | Tenewals, but ex- | renewals, and also 
Place: : ypula- ind of sludge res cluding interest | interest and sink- How. the preasedlanten tant d of R ks and Not 
gures | tion. pressed. and sinking fund | ing fund on press- ow the pressed cake is disposed of. emarks an otes. 
refer. on pressing plant. | ing plant. 
(a) (b) (a) (b) (a) (b) 
1The wet| He _ | Per ton) Per ton Per ton of|Per ton of 
sludge pressed | of wet [ofpressed wet | pressed 
| "| cake. | sludge. | cake. | sludge. | cake. 
H ] = ra E . Pt 5 3a All ee aed ars ie i i 
re 1907 66,000 | Septic tank and de-| 035% | 1:43 | 4:75d. | Is.7a. | 5°75d. | 1s. 11d. Tipped at the works. At Hanley the milk of lime is added hot 
tritus tank sludge to the sludge, as the latter is pumped 
into the sludge well. The mixture is 
then allowed to stand for several days 
. before*pressing. The septic tanks are 
cleaned out once a month. 
Gl : yore 
asgow (Dalmarnock) | 1906-7 | 300,000 | Chemical precipitation | 0:416%] 2-50% | 39d. |1s. 116d.) 4°66d. | 2s. 4d. | The pressed cake is sold to farmers at 8d. 
sludge. to 1s. per tonin bulk. The farmer pays 
carriage. 
ee) ton - + = | 1906-7 | 120,000 | Chemical precipitation 075% | 3°75% | 4:80d. 2s, — — For some time past the greater part of the 
sludge. pressed cake has been burnt in a refuse 
destructor, the remainder being given 
away to farmers. This year (1907) the 
Authorities are entering into a short 
agreement with acontractor toload upthe 
cake into trucks on the railway adjoining 
the works, the contractor to pay 6d. per 
ton for the cake in the trucks. 
Stockport - = — + | 1906-7 | 91,500 ee precipitation | 0-85% | 3-25% | 6-26d. |2s. 0-02d.) 7-91d. |2s. 6-31d.) Given away to farmers, 
sludge. 
Wolverhampton - - | 1906-7 | 101,000 | Chemical precipitation | 0-49% | 2-10% | 5-63d. |2s. 0-28d.| 6-48d. [2s. 3-94d. Partly by tipping (56 per cent.) and partly 
sludge. by barging to farmers. In the latter 
method of disposal the cake is conveyed 
in the Corporation barges to the farmers, 
at a nominal charge of £1 per boat load. 
This does not always cover the cost of 
| conveyance and upkeep of boats, ete. 
The average loss is 1s. 2d. per boat-load 
of 2 tons, or 0°73d. per ton of cake. 
Bolton - - | 1906 | 170,000 | Chemical precipitation | 112% | 5-60 | 54d. | 2s. 9-0d.| 10-24. |4s. 29d. | Removed by farmers, the Corporation | 
sludge. paying 3d. per ton of pressed cake. 
Bury - - - - | 1906-7 | 50,000 | Chemical precipitation | 0-67% | 3-620 | 5-2d. 9s. 4d. es, = Given away to farmers free of charge. | The figures of cost for Bury include the cost 
sludge. Assistance is given in loading. of sludging the precipitation tanks. This 
addition to the cost is very small, however, 
as it involves the labour of only one man. 
Richmond (Surrey) - | 1907 62,885 | Chemical precipitation 1-0% ap. | 5-0% ap.| 5°6d. Qs. 4d. 7.20 _ 8s. The pressed cake is tipped into barges and | With regard to the capital expenditure, it 
sludge with some sep- taken away by a contractor who supplies should be noted that the engine plant 
tic tank sludge. the barges. It is sold by him to farmers and machinery is in duplicate. The 
in Essex and Kent. The cost to the plant is only worked one shift of 10 
Richmond Main Sewerage Board in 1907 hours per day ; if it were worked in two 
was ls. 9d. per ton of pressed cake or shifts, the cost of pressing, including 
4-25d. per ton of wet sludge. interest and sinking fund, would be 6-4d. 
per ton of wet sludge, or 2s. 8d. per ton 
of pressed cake. 
Hyde- - - -| 1903 32,000 | Chemical precipitation | 1-25% | 3-75% | 10d. 9s. 6d. | 1s. 3°3d.| 3s. 10d. | Removed by farmers, free of cost, with | The figures of cost for Hyde include the 
sludge. the exception of a surplus quantity, for cost of tank sludging. This is a small 
which 9d. per ton was paid to clear it item, OEE and only raises the cost 
: sland away. very slightly. 
Great Harwood - - | 1906-7 | 22,500 a precipitation 30% = 2s. 62d. a 3s. 7-2d.| Sold farmers at 6d. per ton. 
sludge. 
Chorley - - - | 1906-7 | 26,500 | Chemical precipitation | 0-42% | 4-250 | 3-21d 2s. 82d = eat By sale to farmers : tons ewts. 
sludge. 1s. 6d. per 1-horse load = about 1 10 
1s. 9d. per 2-horse load = about 2 0 
Wimbledon - - | 1906-7 | 52,500 oe precipitation | 10% 50% | 7-25d. 3s. ld. | 8-75d. |3s. 7-75d.| By burying and burning. 
sludge. 
Royton - - - | 1906-7 | 12,500 | Chemical precipitation 414% — 3s. 2d. _ 4s. Id. | Given away to farmers, who remove it | The figures of cost for Royton include the 
sludge. themselves. cost of sludging the tanks. This item is 
small, however, and against it must be 
put the fact that the steam required for 
the pressing is raised by Destructor fire. 
The cost of coal is included in the figures, 
but coal is only used to assist in raising 
the steam. 
Leigh and Atherton - | 1906-7 | 63,600 | Chemical precipitation == 43% — (3s. 498d. —_ 4s. 158d. Part deposited on portions of sewage farm | The tigure for cost of pressing, including 
sludge. not used for sewage treatment, and part interest and sinking fund, is estimated. 
sold to farmers at a present price of 1s. 
per l-horse load and 1s. 6d. per 2-horse 
load. This is about 6d. per ton on the 
average. 
Middleton - - - | 1906-7 | 25,600 | Settling tank sludge - | 0-67% | 46% 6°5d. 3s. 7d. | 7'5d. 4s, ld. | Given away to farmers. 
Willesden - “ - | 1905,6 | 66,000 | Chemical precipitation | 2-2% | 13-35% &d. 3s. 9.2d.| 8°58d. |4s. 0°78d. Mostly by tipping on the sewage farm. | The large percentage of lime used in the 
and 7 sludge. During the early part of the present year pressing of sludge at Willesden is due to 
(1907), however, a portion of the pressed the fact that the sewage there contains 
cake has been disposed of to farmers, much laundry waste, and is of a rather 
who have paid the cost of the railway greasy character, 
freight only, the Council paying the cost 
of the carriage to the railway station. 
Burnley - -  - | 1905-6 | 80,000 | Septic and detritus | 3-4% 155% | 12°85d. |4s. 3-45d.)1s 196d. 4s. 7.91d.| Sold at the sewage works to farmers for 
tank sludge. 10d. per ton. 
Colchester- - ~- | 1906-7 | 41,000 | Chemical precipitation | 2°8% | 11:2% | 12-75d. | 4s. 3-5d. |Is. 325d.) 5s. 1d. | The pressed cake is disposed of to farmers 
sludge. at a price of ls. per cart-load. 
Ealing (Southern 1906-7 | 40,000 | Chemical precipitation | 5:0% 200% | 10-4d. | 4s. 4d. | 11-70d. |4s. 105d.) The cake is dropped into trucks and con- | The sludge is pressed specially well at 
Works) and settling tank | veyed by hydraulic lift to refuse Ealing, on account of the subsequent 
sludge. destructors, where it is burnt. burning. 
Maidenhead - - | 1906-7 | 14,000 | Chemical precipitation — 42% — /|4s. 4-1d. = - All the pressed cake and also a fair 
sludge. proportion of air-dried sludge is sold 
to farmers and market gardeners at 
6d. per cart-load. 
Nelson = E - | 1906-7 | 37,000 pee boot settling — 96% — 4s, 6-9d. i 6s. 0-4d.| Given away to farmers. The labour cost in connection with the 
nk sludge. sludge pressing is estimated. 
i B Cc D E F _G H I J K a 5 L ms 
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that it may subsequently be burnt. Generally speaking, there is no difficulty in pressing 
the sludge from precipitation or sedimentation tanks. It may be pointed out that the 
sludge from simple sedimentation requires, as a rule, the addition of more lime than the 
slndae “oe ae from sedimentation after precipitation with chemicals ; this is indicated 
in the table. 


It may be useful to add here that success in pressing, whatever kind of sludge is 
being dealt with, depends very largely upon the intimate mixture of the milk of lime and 
the sludge. The dissolved lime has the effect of agglomerating the solids of the sludge, 
while the fine particles of undissolved lime, becoming interposed between the sludge 
particles, apparently provide small channels for the escape of the water. We may also 
mention that at York, Mr. Graham, the manager of the Sewage Works, found it useful 
to allow a small quantity of milk of lime to pass into the presses before the sludge, as 
the thin coating of solid lime thus formed on the press-cloths facilitated the subsequent 
pressing of the sludge and the removal of the cake. 


Nuisance from Smell. 


237. Speaking generally, properly pressed sludge when in the form of a solid cake 
does not give rise to serious nuisance from smell, and if exposed to the air in dry weather, 
it soon becomes entirely inoffensive. It has, however, a slight smell of fresh sewage, 
and if kept moist, e.g., if it is exposed to the air during wet weather, it soon becomes 
putrid and gives rise to offensive odours. For this reason it should, if possible, be 
stored under cover, until it can be spread over land or dug into trenches or buried. At 
York, where a large quantity of pressed cake was tipped in the open, considerable 
nuisance is said to have arisen until Mr. Creer, the city engineer, adopted the plan of 
burying it, 5 or 6 feet thick, under a thin layer of soil and turf, when the nuisance 
entirely ceased. Incidentally, an uneven field is being levelled in this way. 


Since there is almost always serious nuisance inside the press house, it is necessary 
that the house should be properly ventilated. It should also be situated as far as possible 
from any habitation, if complaint of nuisance is to be avoided. 


Disposal of the Pressed Cake. 


238. Pressed sludge can usually be disposed of to neighbouring farmers at about 6d. per 
ton. This, however, depends to a considerable extent upon the district in which the 
sewage works are situated. In some cases, ¢.g., at Bury, Haling (Northern Works), 
Wolverhampton, and Richmond, where the works are situated in densely populated 
districts, or are far removed from a railway, or in the case of a large town where the 
amount of sludge is greater than the neighbouring farmers require, the pressed cake has 
to be given away, or a small fee has to be paid for its removal. 


The form of the pressed cake also affects its saleability ; e.g., at Burnley, where the 
orporation break up i.e pressed cake immediately after pressing, a ready market is 
now obtained. 


Composition of Pressed Cake. 


239. The following figures of analysis give the chief mineral constituents and the 
nitrogen in the pressed cake from Chorley (Lancashire) and Dorking (Surrey), after com- 
plete drying at 110°C. These may be taken as more or less typical for domestic sewage, but 
there is more than the average quantity of lime in the Dorking pressed cake. The 
Chorley sludge is produced by the addition of about 9 grains per gallon of alumino-ferric 
to a sewage which is almost entirely domestic in character and of about average 
strength. The Chorley drainage area is sewered on the combined system. The 
Dorking sludge is obtained by the addition of about 5 grains per gallon of lime to 
a sewage of rather over average strength, and which, except for a small quantity of 
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brewery waste, is also almost entirely domestic in character. Dorking is sewered 
on the partially separate system. 














Chorley pressed cake after | Dorking pressed cake after 
drying at 110°C. Sample | drying at 110°C. Sample 
drawn in April, 1905. drawn in April, 1905. 
Grit, ete. (i.e, matter prorahed in bydrochign¢ 
acid, after ignition) - - 25°30 6°84 
Oxides of iron and alumina * vada : - 9°37 . 3°46 
Lime t- . - . : - = : - 10°32 23:16 
Phosphoric acid (P.O 5) ¢ - - = - 0:98 0°66 
Equivalent to tribasic phosphate of lime - milters . 1-44 
Nitrogen (total) t 0 ae SS ne 1:28 0-89 
Nitrogen evolved on boiling the sludge for two a ee 
hours with dilute (0°5 per cent. ) potash solution 0:13 (May ae 0-03 (May 20th.) 





At Chorley the cake is sold for about 10d. to 1s. per ton, but at Dorking it is given 
away. 


The calculated value of those two sludges in the form of pressed cake (50 per cent.. 
moisture), as judged by their manurial constituents alone, is about 6s. to 7s. per ton, but, 
as experience shows, the market value is less. 


Cost of Pressing Sludge. 


240. In the majority of the cases cited in the table it has been impossible to ascertain 
the actual percentage of water in the wet sludge dealt with and in the pressed cake 
produced. We think, however, that it may be taken broadly that wet sludge contains 
on the average from 90, to 95 per cent. of water, and pressed cake about 55 per cent. of 
water. Upon this basis, and dividing our examples into two groups, we estimate the 
cost of pressing sludge as follows :— 


Group I. OE 


In this group we include towns having a population of about 30,000 and upwards, 
where the preliminary treatment consists either in chemical precipitation followed by 
sedimentation or in simple sedimentation, and where the sewage does not contain 
manufacturing waste of a kind likely to necessitate the addition of an unusual 
quantity of lime to the sludge before pressing. 


If the sludge derived from precipitation or sedimentation tanks in these circum- 
stances were to be pressed, it would require the addition of about 2 to 4 per cent. 
of lime, calculated on the pressed cake produced ; and the cost of pressing, including 
lime, fuel, labour, press cloths, renewals and repairs, but excluding interest and sinking 
fund, would amount to from 2s. to 2s. 6d. per ton of pressed cake (55 per cent. water). 
This would be equivalent to from 5:3d. to 6-6d. per ton of wet sludge, prom 90 
per cent. of water. 


The interest and sinking fund charges, as given in the table, vary from 44d. to 
Is. ld. per ton of pressed cake produced, ‘or an average of od. per ton of pressed 
cake. This would be equivalent to 2d. per ton of wet sludge containing 90 per cent. 
of water. On this basis the totai cost of pressing, including lime, fuel, labour, press- 
cloths, renewals and repairs, and also interest and sinking fund, would amount to from 
2s. Od. to 38. 3d. per ton of pressed cake produced (55 per cent. water), or from 7°3d. to 
8°66d. per ton of wet sludge, containing 90 per cent. of water. 


Assuming that the pressed cake could be disposed of to farmers without further cost 
at a price of 6d. per ton, the total cost of sludge disposal at such places would be 
approximately from 6d. to 7°3d. per ton of wet sludge, including interest and sinking 
fund charges. 


* These oxides will contain thé phosphoric acid and possibly a very little of the lime. 
+ The lime was only precipitated once ; it will contain traces of magnesia. 
t The figures for phosphoric acid and for total nitrogen are the mean of two closely agreeing estimations. 
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Group II. 


In this group we include towns having a population under 30,000 and also places 
where 5 to 20 per cent. of lime (calculated on the pressed cake) has to be added to the 
sludge before pressing, either because the sewage contains much grease, or because septic 
tank sludge has to be dealt with. 


At such places the cost of pressing, including lime, fuel, labour, press-cloths, 
renewals and repairs, but excluding interest and sinking fund, would probably vary from 
3s. to 5s. per ton of pressed cake (BB per cent. Pater), or from 8d. to 1s. 14d. per ton of wet 
sludge containing 90 per cent. of water. 


The cost of pressing, including lime, fuel, labour, press-cloths, renewals and 
tepairs, and also interest and: sinking fund, at such places would be from 3s. 9d. to 
5s. 9d. per ton of pressed cake (55 per cent. water), or from 10d. to 1s. 34d. per ton of wet 
sludge containing 90 per cent. of water. 


Assuming that the pressed cake could be disposed of without further cost at a price 
of about 6d. per ton, the net cost of sludge disposal at these places would be from 8° 66d. 
to ls. 2d. per ton of wet sludge, including loan charges. 


From these figures it will be seen that, in the case of large towns, the cost of the 
disposal of sludge by pressing is about the same as the cost of depositing 
it at sea. For small towns or for places where septic tank sludge has to be disposed of, 
the cost is considerably greater. In all cases the cost turns very much upon whether there 
is a ready sale for the pressed cake, and this is dependent upon having facilities for carting 
or sending by rail to outlying districts. The pressed cake is worth much more than 
6d. per ton, judged by its manurial constituents ; the reason that it fetches such a low 
price is the relatively high cost of carriage upon a mixture containing of necessity a 
large proportion of water, grit, and carbonaceous matter. 


Shallow Burial of Sludge in the Ground. 


» 241, This plan of sludge disposal consists in mixing the wet sludge from precipitation, 
settlement, or septic tanks as rapidly and as thoroughly as possible with surface soil. It 
is usually carried out in the following manner: Small V-shaped trenches, about 2 feet 
wide at the top and (excluding banking above the surface of the soil) about 1 foot deep, 
of sufficient capacity to hold the quantity of wet sludge to be disposed of, are cut, if 
possible, a month or even two months before they are likely to be required, in order to 
dry and disintegrate the soil. The wet sludge is then run into the trenches and immedi- 
ately covered over by shovelling in the earth of the banks. The area thus treated is 
allowed to remain untouched until it is fairly dry, after which it is ploughed and either 
set aside for cropping or used again for more sludge. 


This plan is not widely followed at present, excepting at sewage farms, but.it has 
ely. been worked with considerable success by Mr. J. D. Watson, at Birmingham, Mr. 
G. Mason, at Guildford, and Dr. G. J. Fowler, at Withington, in conjunction with 
igual filters. By this plan the sludge is cheaply and effectively disposed of, but in wet 
weather the trenches, both empty and full, require a long time to dry, and, where an 
offensive sludge has to be dealt with, local nuisance from smell may easily arise. 


At Birmingham, where the septic tank sludge has very little smell, little or no 
nuisance arises, notwithstanding the enormous quantities dealt with ; but at Guildford, 
owing to the presence of brewery waste in the sewage, there is considerable smell from the 
trenches. We may point out, however, that strongly smelling sludge can be to a large 
extent deodorised by the addition of a moderate quantity of ‘lime, and for this reason, 
though we have no practical experience of the plan, we think that at those places where 
an offensive sludge had to be dealt with, serious nuisance could be avoided without 
great cost. At small or medium-sized works, where septic tanks are in use and are 
cleaned out, say, once every six months, it appears to us that it would be quite practicable 
to-add sufficient lime to the sludge to deodorise it, before conducting it to the trenches. 
This method of disposal would be pecuharly suitable for the treatment of the sludge 
which is removed from septic tanks at fairly long intervals of time, for in that case a 
_ period of dry weather could be selected for the trenching operations. 
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Area of Land. Required. ee ae vente kL ae 


242, With regard to the kind of land and the area required for the annual disposal of 
1,000 tons of wet sludge (90 to 95 per cent. of water), we may quote some particulars 
which have been given to us. 


Mr. J. D. Watson writes (April, 1907) :— 


‘“‘ T cannot differentiate between one kind of land and another, since we have in 
“the valley of the Tame a great variety of soil. . . . Even in one field we have 
“occasionally considerable areas of very close marl and equally great areas of 
‘‘ fairly porous gravelly marl. The figure which I give, therefore, is one which 
‘“embraces various kinds of soil, but as it is the result of an average taken over 
“three years, I think it may be assumed to be fairly accurate as representing 
medium quality of land.” 


The following table shows the amount of wet sludge dealt with at Birmingham and 
the area of land used in the form of trenches :— 











Year. Tons of wot sludge dealt ren of frends n 68 vats oO) a 
sludge. 

1903-4 - 208,350 265,870 1,276 

1904-5 239,203 248,132 1,038 

1905-6 109,255 74,167 680 

1906-7 104,780 82,747 788 











“Climatic conditions have also a considerable bearing upon this question. 

“In dry weather more sludge can be got rid of on the same area of land than 

“in wet weather. Methods of working have also a good deal to do with the 

_ “results obtained. For instance, where possible it 1s advisable to cut the trenches 

‘a month or two in advance of their being required, in order to dry the land as 
‘thoroughly as possible. 


“* Speaking generally, I should say that a quarter of an acre of medium quality 
“land, worked under usual conditions in this country, is amply sufficient to deal 
‘with 1,000 tons of wet sludge (90 per cent. to 95 per cent. water) per annum.” 


Mr. C. G. Mason writes (April, 1907) :— : 


“During 1906, 18,720 tons of liquid sludge were applied to nine acres of 

/ “land at Guildford. In the winter months one acre is sufficient to deal with 

“approximately 2,000 tons, and in the summer months nearly twice that 

“quantity can be dealt with on the same area of land. The land available for 

‘sludge purposes at Guildford may be described as excellent, consisting as it does 

“of a light sandy loam, overlying a bed of sand to the depth of 6 feet, with 
“the water level from 3 to 6 feet below the surface, according to season.” 


Mr. Mason says that he has not had any experience in dealing with liquid sludge 
upon unsuitable land, but from general experience he estimates the areas required 
annually for the disposal of 1,000 tons of wet sludge to be as follows :— 


Good: land-<, 3 03} saela won 21 ees vege hiod: 2a 
Medium land = ; “ . . Z ¢ = - o> wee 
Bad land - “ 4 ‘ : g : : - - - - 2 acres. 


“The plan of trenching has certainly been very successful at Guildford, and has 
‘saved the Corporation a large sum yearly from its inception, but I should not care 
“to make an experiment with wet stiff clay land, an absorbent sub-soil being to 
““my way of thinking an essential necessity for trenching the precipitated matter 
“from sewage tanks.” 


As regards the Withington Sewage Works of the Manchester City Corporation, 
where the same plan of sludge disposal has been adopted, Dr. G. J. Fowler writes 
(January, 1908) as follows :— 


* The soil at Withington may be described as a sandy loam with a water-logged 
“subsoil. I should ‘certainly class it as ‘medium’ soil. For the annual disposal 
x “of 1,000 tons of wet sludge I am of opinion that two acres of such soil should 

“be provided, though the more soil you have at your disposal the better. Some- 
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“thing will here depend upon the character of the sludge. The Withington sludge 
“itself contains a good proportion of sand (77 percent. SiO,; 1°76 per cent. 
‘* Al,O;) ;. a sludge containing a larger percentage of clay, e.g., Davyhulme sludge 
““ (44°3 per cent. SiO,; 20°85 per cent. Al,O;), might require a greater area ol 
“such land. 


*“* Even with the best sandy soil I should recommend, if possible, one acre per 
“1,000 tons of wet sludge, if it is to be dealt with to the best advantage. 


“I am very doubtful whether it is possible to dispose of sludge on clay land, 
“‘ without some provision of shallow lagoons artificially drained, e.g., by banks of 
“‘ clinker at frequent intervals. 


“Some addition of lime is advisable in all cases where this has not been added 
“in the course of chemical treatment, either to neutralise the acid produced by 
“the decomposition of fats or the sulphuric acid produced by the oxidation of 
“ sulphides in sludge from septic tanks.” 
Allowing ample margin for contingencies, cropping and bad weather, we should 
from these figures recommend the provision of the following areas of land for the yearly 
disposal of 1,000 tons of wet sludge (90 to 95 per cent. water) :— 


Good or fairly good soil - . - - “ise . - 1. acre. 
Medium soil - . - : - : : . : - 2 acres. 
Stiff clay soil—at least -~— - - aver ay! SSeS oe 


Care would have to be taken, as Mr. ae suggests, to prepare the trenches 
beforehand, so that the soil might be as dry as possible, and also to remove the sludge 
from septic tanks in the dry season of the year. 


It would be important, moreover, in calculating the amount of sludge likely to be 
produced at a given place, to include storm water sludge, especially if * stand-by tanks 
were used for the treatment of the storm water. Tanks of this kind would have to 
be frequently sludged, and consequently special areas of trenches would be required. 


At those places where continuous filters of coarse material were adopted, it would 
also be necessary to provide for the disposal of the sludge settled out from the effluent. 


It must not be forgotten that the disposal of sludge upon land is temporarily 
interfered with by snow and frost. Ms ee 
Cost. i os ees 
243. As regards the cost of sludge disposal by burial in the ground, the following 
particulars relating to Birmingham, Guildford, and Withington have been supplied to 
us. In all three cases the cost is taken as beginning after the sludge has left the 
sedimentation tank (7.e., the actual sludging of a tank is not included), and as ending 
when the trenches are filled in with earth. 


BIRMINGHAM. 


ToTaL Cost oF CONVEYING SLUDGE TO THE LAND AND DEPOSITING IT IN 
TRENCHES CUT FOR THE PURPOSE. 


























First 11 months 
Year 1905. Year 1906. of 1907. 
Working expenses of steam plant and attendance : POE ES £. 6.0 & sd. 
Engineers and Stokers - 5 gee le 65 16 2 70 4 6 (Gp 'oe- 9 
Oil, waste, ca ete. - - - - - The os U 106 0 O 97 US 6 
Coal : 83 16 3 Bove 9 77 12 6 
Digging trenches, covering sludge, filling in 
trenches, etc. - - - - . - . 719 18 2 644 6 9 516 9 O 
Total working cost - - - 969 10 7 9100-0050 162.0, 5%, 3 
Interest on Capital Outlay at 5 per cent., aria 
Pump House, Sludge Main, etc. — - 220 0 0 aie: OO 130 0 0 
Rent of land - - - - - - 23 0 0 22 0 0 £530... 0 
Total cost, including interest on capital - - | £1,212 10 7 £1,145 0 0 £905 5° 3 
Total amount of wet sludge dealt with (90 per Tons. Tons. Tons. 
cent. to 95 per cent. water) . - - “ 84,890 61,996 48,872 


* See section dealing with treatment of Storm Water Sewage, page 204. 
6225—I. Z 
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At Birmingham the total cost of this method of sludge disposal, including labour, 
pumping, fuel, interest and sinking fund and rent of land, was therefore approximately 
4:Od. per ton of wet sludge containing from 90 to 95 per cent. of water. 


GUILDFORD. Say 


TOTAL COST OF CONVEYING THE SLUDGE TO. THE LAND AND DEPOSITING IT IN TRENCHES CUT FOR 
THE PURPOSE. THE FIGURES REFER TO THE YEAR 1905-6. 


La poe 

Two men employed continuously for regulating and covering in the | 
sludge + oss -) = tue fe SRIRSDNT Shoup ort dee eae 
One man 3 days per week attending to steam boiler and sludge pump ..- 31 4 0 
Firewood for boiler (4 loads @ £1). - - - - - - - att pr 
Disinfectants - - . - - - - - - - - - 20 0 0 
30 tons of fuel for generating steam for pumping sludge- __ . - - - 36 0 0 
Renewals and sundries - - - - - - - - fe cee Saeed) 
Annual working cost - Bh -gne - - -195 0 0 
Add interest and sinking fund for 17 acresof land- .- - - - 25215 3 
447 15 3 


The total quantity of liquid sludge dealt with during the year was 18,720 tons. The 
cost at Guildford was thus 5:2d. per ton of wet sludge, containing from 90 to 95 per 
cent. of water. 2 


WITHINGTON. 


The following statement relative to the cost of trenching at Withington has been 
given to us by Dr. Fowler (January, 1908) :— | 


“The cost of excavating a measured trench, capable of holding 1 cubic yard of 
“sludge, has been found by the manager of the Withington Works, Mr. C. H. Ball, 
“to be 1:3d. This low cost 1s due to the fact that the soil thrown up on either side 
‘‘ of the excavation practically doubles the holding capacity. | 


“Taking the average cost for the whole year per ton of wet sludge for cutting 
‘and filling trenches, it comes to 2°4d. and the total cost for sludge disposal works 
“out at about 5°5d. This is exclusive of the rent of land, which would bring the 
“total up to about 7:Od., if only so much land is charged for as is absolutely 
** necessary.” 


The population draining to the Withington Works is approximately 59,000. The 
total annual production of wet sludge is something like 14,000 tons. 


Lagooning or Air Drying. 


244, A lagoon in connection with sludge disposal may be described as an earth 
tank, from 1 to 6 feet deep, constructed by excavation and banking, or banking alone, 
with a bottom layer composed of clinker or some such material, in which are laid one 
or two drains. Occasionally the whole enclosure is constructed of clinker, the banking 
being made with an easy slope, formed naturally by the fall of the clinker. 


Lagooning consists simply in filling such a tank with wet sludge, by gravitation or 
by pumping, and allowing it to remain there until, partly by evaporation and partly by 
draining, the sludge. becomes dry enough to be removed by spade. When the sludge 
reaches this state, itis usually wheeled out of the lagoon and dumped on waste land. 


There is in our opinion very little to be said for the lagooning of sludge. Once in 
the lagoon the sludge may take from 2 to 6 months to dry, according to the weather, and 
during the greater part of this time smell may be said to arise from it. Further, when 
the sludge is dry enough to be removed, it has still to be disposed of, and being usually 
moist and closely bound together, it is not readily taken by farmers. The time required 
by the sludge to dry, however, depends to a great extent upon the depth and’ the 
draining of the lagoon. At Darwen, where a-large quantity of lime is added to the 
sludge, and where this mixture is given further settlement in special tanks, the lagoons 
are only filled to a depth of about 1 foot.’ As the result of this whole procedure, the 
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sludge is usually just spadeable in 2 or 3 days—a very short space of time. It is then 
given away to farmers, the Corporation filling the carts free of charge. At Accrington 
the lagooned sludge, when dry enough to be spadeable (this takes from 2 to 3 months 
in dry weather, while in wet weather it may require about 6 months), is sent up the 
steep side of the quarry in which the works are situated, by means of a truckway, and 
deposited in canal barges, to be taken to the more purely agricultural districts of West 
Lancashire. The barge owners pay, on the average, about £2 10s. per barge load of 45 
tons. The barges are loaded by the Joint Sewerage Board, the average cost. of filling’a 
boat from the works being about 25s. | 


At Leeds lagooned sludge has gradually accumulated during the past ten years, only 
a few thousand tons per annum having been disposed of to farmers. We are, however, 
informed by Mr. G. A. Hart that, as the result of practical advertisement, arrangements 
have now been made for reducing those accumulations, the sludge being sent by rail or 
canal to the agricultural districts around Leeds. The loading costs the Corporation 
Is. 2d. per ton of sludge (60 per cent. moisture), the farmers who receive 1t paying the 
carriage, which amounts to about ls. 6d. per ton. During the past 7 months 6,000 
tons have been disposed of in this way. 


It is possible to lessen very greatly the smell from a sludge lagoon by covering the 
surface of the sludge with soil. This can only be done, however, after the sludge has 
been in the lagoon sufficiently long to allow of its surface drying into a cake. The 
plan, moreover, is one which might result in serious danger to workmen or children, 


especially if the lagoons were deep. 
Covering Land with Sludge. 


245. This plan consists in simply flooding an area of flat land, which has previously 
been ploughed, with wet sludge to a depth’of 3 or 4inches. Ina few days the liquid portion 
-of the sludge drains away, leaving a layer of sludge which cracks and curls up as it 
dries. The only examples of the method that we are acquainted with are at Birmingham 
and Bolton. At Birmingham Mr. J. D. Watson has carried out the plan with success. 
In his evidence he stated :— 
“Tf the sludge has been subjected to digestion in septic tanks for a sufficiently 
“long period, it loses its characteristic pungent and offensive odour. It may either 
“be pumped into trenches or even put on the surface of land and exposed to the 
“air until dry, without giving rise to smell; when thus treated it rapidly settles 
“down in bulk, and as it dries the surface cracks up. In the course of a few 
“months it assumes the appearance of a rich black soil.” 


At Bolton a somewhat similar plan is adopted for the disposal of part of the 
precipitation sludge from the Hacken sewage works. In this case the land is first 
ploughed and the sludge is allowed to spread over it, the flow being equalised as much 
as possible by means. of cross grips cut through the furrows. Another plan which is 
adopted, when possible, is to drill the soil (as for mangolds) and then run the sludge 
along the bottom of the drills. When the sludge is dry, it is covered over by ploughing 
or splitting the drills and a crop is taken. 


The land treated in this way at Bolton is either sandy clay loam or sandy gravel. 


Mr. Ashton, the Manager of the Bolton works, estimates the area of land required 
for the annual disposal of 1,000 tons of sludge containing 90 per cent. of water 


as follows :— 


(1) Good, or fairly good soil - - oe . : - 2 of an acre, 
(2) Medium soil such as sandy loam _- . : - - 1 acre. 
- - 2 acres. 


(3) Heavy. soil P : : : ns a 


The plan would be quite unsuited for strongly smelling sludge, unless the land used 
for the purpose were far removed from houses or public roads, or unless the sludge were 
deodorised in the first instance by the addition of lime or some other suitable substance. 


Sludges which give rise to little or no smell are very exceptional. The Birmingham 
septic tank sludge is comparatively free from smell, but the majority of septic tank 
sludges from domestic sewage, even when they have remained for a long period of time 
in the tank, are very far from odourless. We have made no observations at Bolton, 
but the sewage there contains much manufacturing waste, which may possibly keep 


down smell. 
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Cost. 


' BIRMINGHAM. 


246. Two sets of figures have been given to us by Mr, Watson, viz., the cost of dis- 


posing of the sludge from the Saltley septic tanks, and the cost of disposing of the sludge 
from the Dortmund or silt tanks at Minworth, these latter being used for the further 
settlement of the septic tank liquor before filtration. In the first case the sludge is pumped, 
but in the second no pumping is necessary. In both cases it is septic tank sludge that is 
dealt with. 


ToraL Cost oF CONVEYING THE SEpTic TANK SLUDGE FROM SALTLEY TO THE LAND AND 
DEPOSITING IT. 











Working expenses of steam plant and attendance. Year 1905. Year 1906. Pt ie nths 
2 Su, tt ae ee as Sor See gee 
Engineers and Stokers — - - - - 33 13 9 26 10 10 48 ll 8 
Oil, waste, valves, etc. = - - aoe ge 44 0 0 34013). ao ol 58 13 4 
Coal . - - - - - : a Raa 29.5. 49 10 0. 
Distribution of sludge over land _-- - 45 13 3 Oey Ge 42 12 1 
Total working cost- - -— - 160 9 6 140 16 6 r Yoo Thay 


Interest at 5% on Capital outlay—viz., Pump 











House, Sludge Main, et.- - —- 130 0 0 137 0 0 191 0 
Rent of land - - - : - = 8 13 20 220 16-030 19°C 
Total cost, including Interest on Capital- | £303 9 6 £293 16 6 £409 7 1 
Total amount of wet sludge dealt with (90% to 
95% water) - - - - - - - 50,365 tcns 42,278 tons 71,265 tons 





The cost of this method of disposal was thus 1-47d. per ton of wet sludge, 
containing from 90 to 95 per cent. of water. 


ToTaAL Cost oF CONVEYING SEPTIC SLUDGE FROM MINWORTH AND DEPOSITING IT ON THE LAND. 























First 11 months 
Year 1905, Year 1906. of 1907. 
Bo sola: ind ota. aes 
Attendance to Silt Tanks - ~~ - . r - 610 0 147° acs 18 2 
Distribution and digging into land - - 16.15 0 S71 £24G 44.008 
Total working cost - - - 204-0 0 52 AG 62 3 6 
Interest on Capital Outlay, viz., Silt Main - - 57 10 0 57 10 0 57 10 0 
Rent of Land - - - - . - - 9550 40 20 =O 5 13 5 10 
Total cost, including Interest on Capital - £89 15 0O £129 10 O | £13219 4 
Total amount of wet sludge dealt with (90% water) 6,226 tons. 21,605 tons. 36,299 tons. 








The cost of disposal in this case was therefore 132d. per ton of wet sludge 
containing £0 per cent.* of water. 


Bourton. 


247. In the ease of Bolton the total cost of the plan for the year ending November 
30th, 1907, when 25,000 tons of sludge containing 90 per cent. of water were dealt 
with on 25 acres, was approximately 5:04d. per ton. 





* The above figure of 90 per cent. water in the sludge was in this case actually determined. 


177 


It should be noted, however, that the sludge gravitates to the land from the 
precipitation works at Hacken—a distance of some miles—through a conduit which is 
used chiefly for the conveyance of tank liquor to the land for filtration. No portion of 
the interest and sinking fund charges on this conduit are included in the above cost for 
sludge disposal. 


Burning of Sludge. 


248. There have been many attempts to dispose of sewage sludge by burning it either 
alone or mixed with house refuse, coal, oil, or resin. Most of these have failed, 
owing either to the heavy cost of drying the sludge before burning, or to the fact that 
the attempt was made on wet sludge containing something like 90 per cent. of water. 
It is practicable, however, to burn pressed cake. At Ealing (Southern Works) Mr. Charles 
Jones has for some years disposed of pressed sludge (containing about 60 per cent. of 
water) in this way. At those works the pressed cake is dropped from the presses into 
trucks, which are then conveyed by a hydraulic lift to the destructor furnaces. There 
it is mixed with dry house refuse, in the proportion of about 14 or 2 parts of dry refuse to 
1 of pressed cake, and burnt. The steam generated is utilised for lime mixing, for sludge- 
pressing and the manufacture of artificial paving slabs, and for pumping a portion of the 
sewage. We have not been able to ascertain the cost of the process, but about 
2,500 to 3,000 tons of pressed cake have been disposed of per annum in this way during the 
years 1905, 1906, and 1907. 


249. Reference may also be made to the evidence given by Mr. K. F. Campbell of Campbell,21,787— 

Huddersfield in regard to an experimental plant. At that place a portion of the sludge 802. 

obtained by means of chemical precipitation is pressed and, having been tipped into 

feeding bins at the back of the furnaces, is there mixed with 20 per cent. of coke breeze 

and fed by hand into the furnaces. The burning plant consists of a two-cell Horsfall 

destructor, each cell having a grate area of 30 square feet, with a drying hearth at the 

back ; the cells are placed side by side and each is fitted with a patert Silent Steam Blower. 

The furnaces are so arranged that all the fumes given off by the pressed cake, in drying, 

have to pass over the hottest part of the fire before they escape to the chimney. 


Mr. Campbell’s original intention was to burn the pressed sludge mixed with an 
equal quantity of town refuse, but owing to the difficulty in getting the refuse to the 
sewage works, this was abandoned and coke breeze was substituted. Occasionally a 
little engine slack has been used, mixed with the coke breeze, but this is not a regular 
occurrence. During the year 1907 a trial has been made with gas-works clinker con- 
taining a fair proportion of coke and combustible matter. The following particulars 
relating to the years 1901-6, inclusive, have been kindly given to us by Mr. Campbell :— 




















| 
Year ending :— Sindee a ese sy Coke Breeze used. Coal used. em wre diac 
TONS. CWT. TONS. Cwr. TONS. CWT. TONS CWT. 
March, 1901 5,421 14 Olt 1 121 0 101 16 
; 1902 34 8 bios EU = 22 
+ OS 136 0 27 9 ae ike 
ead bate 220 14 42. tied a ~ 
mer Bl905 61 3 7 8 Mek ed 6: #°3; 
» 1906 74 9 12 9 = Ses, 
Total 5,948 8 1,008 8 12335 17 101 16 











The proportion of fuel added to the pressed cake was thus about 1 to 5. 
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~The clinker obtained from the burnt sludge is rather too friable for use in sewage 
filters, but Mr. Campbell states that when it is ground up and mixed with cement 


or lime it forms an excellent mortar. of which much has been used in the present 


re-construction of the works. 
Cost. 


The cost of pressing and burning varies with the price of the materials (lime, 
coke breeze, etc.). The following are the average costs for each :— 











PRESSING. 
Cost per ton of Pressed Cake Produced. 
8.74; 
Labour - - - - - = 4 3 , 3 - [5°38 
Lime (13s. 3d. pees - - - - - - - - -- 93 
Press Cloths - - - - - . a . - cna | 
Total o gar qo - - 28. 6°3d. 
BURNING. 
Cost per ton of Sludge Cake Burnt. 
5, ae 
Coke Breeze (7s. 6d. per ton) - - - . - - - - 1 6:4" 
Stokers - - . - - - . - . : - -- 7:2 
Mixers - ;, - - . - - - - - ~) 2 TOT eet Bing 
Total - - - - - - . - - 28. 6°94, 
Total cost of pressing and burning (per ton) - 5s, 1:2d. 


These figures do not include cost of power for pressing, on the one hand, but, on the 
other, no allowance has been made for fuel value or for clinker produced. 


It will be seen that the above process, as carried out on a large experimental scale 
at Huddersfield, is costly, but probably the whole of the final product can be utilised 


and the sludge is entirely got rid of. 


Extraction of Valuable Substances from Sewage Sludge. . 


. 250. .The chief example of the extraction of a valuable substance from sewage sludge is 
afforded by Bradford. As is well known, the sewage there contains a considerable 
quantity of wool-scouring liquor and is consequently of a very greasy nature. For some 
years experiments having for their object the extraction of the grease have been in progress, 
and Mr. J. Garfield, the City Engineer, has now been so far successful that the return from 
the sale of the products more than meets the working expenses of the tank treat ment of the 
sewage,* leaving out of account the charges in respect of principal and interest on loans. The 
dry weather flow of sewage 1s approximately 13,000,000 gallons per day, about half being 
trade waste. Of the trade waste 20 per cent. is wool-scouring liquor, and‘of this about 
90 per cent. is treated by manufacturers for the recovery of grease before being discharged 
from the premises. The remaining 80 per cent. of trade waste comes from dyers, printers, 
chemical manufacturers, tar distillers, cloth manufacturers, waste pullers and scourers, 
yarn finishers, cloth washers, carbonizers, silk manufacturers, tanners, oil distillers, paper 
manufacturers, size manufacturers, brewers and galvanizers. In all, about 274 traders 
discharge their waste liquor into the sewers. 


The process of treating the sewage at the works is as follows: The sewage is passed 
through detritus tanks, from which about 10 cubic yards of detritus are removed per 
day. It is then screened/and sulphuric -acid is added in such quantity that there is an 
excess equal to 10 parts of acid (H,SO,) per 100000. The acid sewage is subsequently 





* The treatment of the sewage at Bradford does not go beyond precipitation. 


— 
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passed through settling tanks, used in series, the tank liquor being discharged into the 
Bradford Beck in a slightly acid condition. The following figures give the average 
chemical composition of the sewage and the tank liquor :—’ | 








Parts per 100,000. 








Crude sewage. Tank liquor. 
Suspended matter - . - - > - 4 hs 8 84:0 16-0 
Solidsinsolatin - - - - - = 181-0 224-0). 
“Oxygen absorbed” in 4 hours” - - : 17-90 11:18 
Free ammonia~s - . - oe - at _ 3:00 1:87 
Pilea enona a |, 2h 1:80 





The sludge is removed from the settling tank into cast iron vats, where a further 
quantity of sulphuric acid is added and the temperature of the sludge is raised by means of 
exhaust steam from the boilers to about 100°C. It is then run into steel rams and forced 
by means of compressed air into the filter presses. The filter presses are heated: by steam, 
and the process of pressing is continued from 12 to 24 hours, hot sludge and steam being 
alternately admitted to the press. The pressed liquor, which consists of water and:fat, 
is run into special vessels for the separation of the fat, after which the fat is boiled with 
acid and black oxide of manganese, in order to bring it into a marketable condition. 


The amount of wet sludge produced in a year is about 100,000 tons. It contains 
about 80°15 per cent. of water and 7:43 per cent. of grease, which is equivalent. to 
37:7 per cent. of grease on the dry solid matter. : eve ba 


The amount of pressed cake produced during the year is about 20,000 tons. © This 
contains about 27 per cent. of water. Part of the pressed cake is used for fuel and is 
burnt in specially constructed brick furnaces; the fuel value is about Is. 6d. per ton. 
Part is sold to farmers at 3s. 6d. per ton on rail at the works. . Another portion is 
disintegrated and sold as manure at 5s. 6d. per ton, whilst 6s. 3d. per ton is obtained 
for the driest portion of the disintegrated pressed cake. 3 | 


For the six months ending September 30th, 1907, the total expenditure on the 
sewage works, exclusive of principal and interest on loans, amounted to £9,960 Os. 3d. 
and the receipts from the sale of grease, etc., to £11,726 15s. 


The following table, which has been given to us by Mr. Garfield, shows the figures 
in detail. The expenditure includes the salaries of the chemical and clerical staff, and 
the whole’ of the costs in connection with the Sewage Disposal Works, except the Chief 
Engineer’s salary, and interest and sinking fund on loans. 


? 


























EXPENDITURE. RECEIPTS. 
| £i pated mee 
To Sulphuric Acid, Fuel and Stores | 7,250 3 4 | By Grease, Manure, ete. - 111,726 15. - 
To Salaries and Wages - : =), 1,907. 12 . 3 
To Gas - -. + Sates - POA GT 1 Late 
To Water - - : - . 90 19 10 
To Insurance and Sundries - - 1226 13,4194 
To Rent, Rates and Taxes” - - 4207 - = 
To Balance et Bago, cl4), 9 
eA Dy Poa aah £0 , £111,726 915 | 








251. We may also refer to a process of sludge distillation (Watson and Butterfield’s 
Patent Sludge Distilling Process), which was brought to our notice by Mr. George Watson of 
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the Horsfall Destructor Co., Ltd. The object of this process, an experimental installation 
of which was inspected by one of our officers on July 6th, 1907, is to recover the nitrogen 
from the sludge in the form of ammonia, and to utilise at the same time the carbonaceous 
matter for the purpose of generating heat. The following description of the process has 
been supplied by Mr. George Watson. It must, of course, be understood that we are not 
responsible for the claims advanced by Mr. Watson, in regard to the process. We can 

express no opinion in regard to them. 

& 

“The treatment of the sludge as taken from the precipitation tanks involves, on this principle, three 
separate processes. Firstly, the removal of a portion of the water by mechanical means; secondly, 


“the removal of a further portion of the water by drying ; and thirdly, the destructive distillation of the 
“partially dried sludge.” 


(1) Pressing. 


“The sludge when taken from the precipitation tanks contains about 90 per cent. of water. The 
“best method at present in use for getting rid of some of this water is filter-pressing. By this means the 
“proportion of water in the sludge may be reduced to 50 or 60 per cent.’ 


“Sludge containing 90 per cent. of water, when pressed until it contains 60 per cent., is reduced to 
“one-fourth of its original bulk; if pressed until it contains 50 per cent. of water, it is reduced to one- 
“fifth of its original bulk. The cost of filter-pressing is in one instance as low as 1s. 10d. per ton of 
pressed cake, but the average cost at the present time may be put at from 2s. 3d. to 2s. 6d. per ton 
* of pressed cake containing from 50 to 60 per cent. of water.” 


(2) Drying. 


“ After the sludge has been filter-pressed, it is necessary to dry it until it contains only 20 to 25 per 
“cent. of water, before putting it into the retort for distillation. Wherever a sufficiently large space 
“of ground is available and only a comparatively small quantity of sludge has to be treated, the drying 
“may be most economically effected by exposing sheds. Where considerations of capital are not deterrent 
“or where space is limited, the sludge may be dried by passing it through mechanically driven rotary 
“cylindrical driers, heated by the hot waste gases of combustion, which leave the flues round the distilling 
“retort after having heated the retort. ; 


“The sludge as it leaves the filter-presses can be readily transported to the driers on band-conveyors. 
* Filter-pressed sludge containing, say, 60 per cent. of water, when dried until it contains 20 per cent. 
“ of water, is reduced approximately to half its weight and bulk. 


“The sludge is now in the form of sufficiently dried cakes to be easily transportable mechanically 
“by conveyors or elevators to the retort, and suitable for the treatment by destructive distillation at a 
“high temperature. 

‘“‘The gases from the interior of the cylindrical drier, before reaching the chimney, may be passed . 
“through a scrubber which recovers any ammonia given off by the sludge during drying operations, 
“ thus effectually preventing any smell which may arise from this source. 


“The cost of drying is estimated at 1s. 6d. per ton of dried sludge (containing 20 per cent. of water), 
“ which is equivalent to a cost of 9d. per ton of filter-pressed sludge containing 60 per cent. of water.” 


(3) Destructive Drstillation. 


“The retort used for the distillation may be of firebrick, but is preferably made of cast iron, and is 
* oval in section, so as to enable the heat to penetrate readily through the material in the interior. 


“ The retort is set vertically and is slightly larger in section at the bottom than at the top, so as to 
“ facilitate the downward movement of the sludge cake. The top of the retort is closed air-tight bya 
“ cup and cone arrangement, through which the dried sludge cake is fed at regular intervals. The bottom 
“ of the retort is similarly closed by a cone, which can be operated so as to let out the spent residue from 
“the distillation, as may be desired. The retort is placed in a brickwork setting and is heated by the 
“‘ combustion of gas in a combustion chamber and in flues passing around and up its sides, preferably 
“in a spiral path. 


“ The volatile products arising from the distillation are taken off towards the top of the retort through 
“a pipe connected to the side, and the gases are pulled forward and outward by an exhauster which 
“‘ maintains a pressure inside the retort slightly below the atmospheric pressure. 


** After leaving the retort ‘the volatile products of distillation are passed through a condenser and 
** subsequently through a scrubber, which extracts the moisture, oil, tar and ammonia. The inflammable 
“gas which now remains is passed into the combustion chamber of the retort and there burnt. 
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“ The heat obtained from the combustion of this gas is sufficient to maintain the retort at the desired 
“temperature, but an auxiliary source of heat is provided by a gas producer or furnace which is used in 
“ starting the operation. 


“* The lower part of the retort is maintained at a temperature of 1,500° to 1,800° F. 


‘Steam is blown into the retort, near the bottom, and in passing through the hot zone in the retort 
“it reacts on the carbonaceous material of the sludge, and in the presence of the lime, and at the high tem- 
** perature there existing, the nitrogen in the sludge is liberated and evolved as ammonia. 


“The products obtained from the distillation are: (I) Oil; (2) ammonia; (3) combustible gas ; 
“ and (4) mineral residue.” 


(Latent! 
“* The oil is run off from the top of the ammoniacal liquor coming from the condenser, by means of an 
“oil separating tank. The oil thus obtained has not yet been thoroughly examined, but it probably has 
“‘a value far higher than that of-fuel oil, although this is not necessary for the economical success of the 
“* process. 


“The yield of oil depends on the method of distillation, being much greater if a comparatively cool 
“* zone is maintained at the top of the retort. The yield of oil from the sewage of different localities also 
“ varies greatly.’ 


(2) Ammonia. 


““ The ammoniacal liquor from the condenser and scrubbers is treated with sulphuric acid in the ordinary 
““ way and is converted into ammonium sulphate. 


“The yield of ammonia varies to some extent with the locality from which the sewage is derived. The 
“economical disposal of sewage sludge in this way depends on the recovery of the ammonia from the 
“ sludge in sufficient quantity to cover the cost of treatment.” 


(3) Gas. 


“* The gas is burnt around the retort and provides the heat necessary for the distillation.” 


(4) Residue. 


“The spent residue from the retort is freed entirely from any trace of organic matter by its treat- 
“ment in the retort, and is of a light friable nature and easily reduced to a fine powder. It contains 
“lime and some phosphates and is in a form very suitable for direct application to land, either alone 
“or enriched by the addition of concentrated manures. On the other hand it might possibly be used 
“as a precipitant for the sewage, along with a small proportion of fresh lime. By constantly using the 
“same material over again, the percentage of phosphate of lime in the material would be so increased 
‘as to make it valuable as a manure. Where too much iron is not present, the residue can be used as 
‘‘a cement of fair quality. 


“* The quantity of residue remaining after distillation is about 50 per cent. of the solid material present 
“in the sludge, or 40 per cent. of the sludge (containing 20 per cent. of water) as charged into the retort. 
“The percentage of residue varies in different localities according to the amount of surface water run 
“into the sewers. In some cases a large amount of mineral matter is thus swept into the sewage, which 
“increases the proportion of inorganic solids in the sludge.” 


The following figures show the amounts of the different products obtained by this 
process of distillation. In every case, to avoid confusion, the figures given are calculated 
per ton of absolutely dry sludge—that is, per ton of solid matter in the sludge. 











Locality from which ae an, 
Date. the sludge was Oil. Residue. 
— Sulphate. 
obtained. 
October, 1906  - | Bradford - - - | Not measured. oir toes 42% (small sample only 
tested). 
‘i Ps - | Bury - - - | 30 gallons. 120 lbs. 477 do. 
BA - . 7 - - Eo ¥ lia 124 lbs. 47% do. 
may ~ - | Southall - - ke ae 81-7 lbs. 47% do. 
April, 1907 - - | Leeds - : = Bhs +5; 103 Ibs. 50% do. 
October, 1907 - is Sis - | *Not measured. 109-2 Ibs. 50% (one ton distilled 
in large retort). 




















* The retort was too hot at the top to yield oil. 
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COMPARISON OF COST OF DIfFERENT MrrHops oF DISPOSAL OF SLUDGE. 


252. The cost of disposing of sludge Cepends not merely upon the method adopted, 
‘but also, and to a large extent, upon the local circumstances of each place. This must be — 
carefully borne in mind in considering the following table :— 


CoMPARATIVE Cost OF THE VARIOUS METHODS OF SLUDGE DISPOSAL, AS INSTANCED 
BY THE EXAMPLES GIVEN. 











Maximum and minimum | Average cost of pro- 
cost of the process, in pence,} cess, in pence, per ton 
per ton of sludge containing | cf sludge containing 

Number of : 
Method of sludge disposal. saath ies 90 per cent of water, in- | 90 per cent of water, 
examp' | cluding interest and sink- | including interest ard 
ing fund and all other siuking fund and 
charges.* all other charges. 
Covering land with sludge - - - 3 Minimum 1:32d. say, 2d. 
M ximum 2°&d. 
Sea disposal - : = = = - 6 Minimum 4:1d. say, 5d. 
Maximum 6°9d. 
Trenching in soil - - - - - 3 Minimum 4:0d. ~ 1 Saeed 
Maximum 7:0d. 
Pressing. Group I. - - - : 10 Minimum 4°8d. say, 6d. 
Maximum 7:3d * 
Pressing. Group II. - - - - ll Minimum 7°7d. say, 11-5d. 
Maximum 12-6d.* 
1 13-3d. say, 18d.t 
Pressing and burning) “0 ©-0" 2s (experi- (excluding interest 
“ mental) and sinking fund.) 








The cheapest examples of disposing of sludge come under the heading of “ covering land 
with sludge.” This is, of course, what would be expected, for little labour is necessary in 
connection with the plan. The success of the method depends upon having a sufficient 
area of good, or fairly good, soil in flat formation. On account of smell, the plan would, . 
as arule, only be suitable where the sewage works were lar removed from houses and public 
roads. 


The two cases of an actual profit arising out of the disposal of the sludge, viz., Kingston- 
on-Thames and Bradford (Yorkshire) are not included in the table. 


In the table no credit has been given either for the manurial value of the sludge 
disposed of by covering land or trenching, or for the fuel value of the sludge and the pro- 
duction of clinker in the “‘ burning ” method. 


With regard to the burning of sludge, if this process were so modified as to permit 
of the recovery of the nitrogen of the sludge, its cost would probably beymuch reduced. 








* Owing to the great variations in the actual figures for interest and sinking fund, mainly because of the different 
dates at which the sewage works were constructed, we have been obliged, in dealing with “ Pressing,” to take an 
approximate average figure for this item, viz. 9d. per ton of pressed cake containing 55 per cent. of water, or 2d. 
per ton of sludge containing 90 per cent. of water. 


t This figure is an estimate. 





183 


MANURIAL VALUE OF SEWAGE SLUDGE. 


253. Opinions in regard to the manurial value of sludge were of so conflicting a char- 
acter that we thought it advisable to institute some accurate experiments with various 
sewage sludges. 


Through the kindness of the Board of Agriculture and Fisheries, these experiments 
were carried out at several collegiate centres under their supervision. 


The experiments took the form of three series as follows :—- 


Series 1.—Experiments with mangolds and swedes at five collegiate centres, 
under the supervision of Dr. W. Somerville. 


Series 2.—Experiments with grass at eight collegiate centres under the direction. 
of Professor Middleton, and at Woburn by Dr. J. A. Voelcker. 


Series 3.—Pot-culture experiments at Woburn by Dr. J. A. Voelcker. 
The reports on these experiments are given in Appendix VIII. 


In all three series of experiments the same sewage sludges were used, and in each 
case the sludge was artificially dried before being sent to the experimental stations. Its 
carriage would otherwise have presented much difficulty. 


The sludges were derived as follows :— 


SLUDGE No. 1.—Composite precipitation sludge produced by the Native Guano 
Co., Lid., at Kingston-on-Thames :— 


This sludge consists of the precipitate deposited in continuous flow tanks, 
as the result of adding alumino-ferric, blood, charcoal and clay (together about 
50 grains per gallon) to the Kingston sewage, which is mainly domestic in 
character, but which contains a small proportion of waste liquors from breweries 
and a gas works. 

Having been pressed into cake and then artificially dried at a temperature 
of about 75° Centigrade, it was stored under cover for some time previous to- 
sampling. 

StupGE No. 2.—Composite precipitation sludge from Dorking, Surrey :— 


This sludge consists of the precipitate deposited in continuous flow tanks 
as the result of adding lime (10 grains per gallon) and alumino-ferric (5 grains 
per gallon) to the Dorking sewage, which is almost entirely domestic in character.. 


It was first pressed into cake and then dried by placing portions of it in thin 
layers near a boiler. A further quantity of lime, equivalent to about 120 Ibs. 
per ton of pressed cake, was added previous to the pressing. 


SLuDGE No. 3.—Alumino-ferric precipitation sludge from Chorley, Lancashire :— 


This sludge consists of the precipitate deposited in quiescent settling tanks 
as the result of the addition of alumino-ferric (9 grains per gallon) to the Chorley 
sewage, which is domestic in character. 


Having been pressed and partially dried under cover, it was further dried 
by placing it in small quantities on either side of a boiler. Previous to the 
pressing a quantity of lime, equivalent to 1 cwt. per ton of pressed cake, was added 
to the sludge. 


StupGE No. 4.—Composite precipitation sludge from Leeds, prepared by Alton’s 
process :—- 


This sludge consists of the precipitate deposited in a continuous flow tank 
as the result of adding calcium phosphate (4 to 5 grains per gallon) in acid solution 
and subsequently lime (about 1 grain per gallon) to the Leeds sewage, which 
is rather dilute and contains a considerable proportion of waste liquors from 
various manufactories. 


The wet sludge was first drained in a lagoon and afterwards dried 
artificially by placing it near a boiler. 


6225—I. 2A 2 
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StupGEe No. 5.—Septic tank sludge from Leeds :— 

This sludge consists of the deposit in an open septic tank which had been 
receiving Leeds sewage for a period of three years. The flow of sewage into — 
the tank during this time was sufficient to fill it once every twenty-four hours. 
The wet sludge was first drained in a lagoon and afterwards dried artificially by 
placing it near a boiler. 


StupDGE No. 6.—Settled sewage sludge from Leeds :-— 


This sludge consists of the deposit settling in the second of a series of con- 
tinuous flow subsidence tanks used at Leeds for the treatment of the main flow 
of sewage. The wet sludge was first drained in a lagoon and afterwards dried 
artificially by placing it near a boiler. 


Stupce No. 7.—Composite precipitation sludge from Glasgow (Dalmarnock), 
known as “‘ Globe Fertilizer” :— 


This sludge consists of the precipitate deposited in continuous flow tanks 
as the result of the addition of persulphate of iron (8 grains per gallon) and lime 
(4 to 5 grains per gallon) to the Glasgow (Dalmarnock) sewage, which contains 
much manufacturing waste. 


The sludge was first pressed and then artificially dried at a temperature 
of 65° to 75° Centigrade, and finally passed through a pan mill. | 


The chemical compositions of the sludges used in the experiments are given in the 
Reports, but we may say here that No. 1 sludge contained the most nitrogen and phos- 
phoric acid, and Nos. 2 and 4 the most lime. 


SERIES 1. 
Dr. Somerville’s Experiments with Turnips, Mangolds, and Swedes. 


254. Table I. gives the names of the five experimental stations where this series of 
experiments was carried out, together with the nature of the soil and the crop grown. 




















TABLE I. 
Place. Nature of Soil. Crop Grown. 
Rothamsted Experimental Station (Mr. G. D. Hall) - | Strong flinty loam overlying | Mangolds. 
chalk. 
Agricultural Department, Cambridge University (Prof. | Moderate gritty loam over- | Mangolds. 
Middleton). : lying galt, 
Agricultural Department, Leeds University (Prof. | Strong drift soil overlying | Swedes. 
Seton). the coal measures. 
South-Eastern Agricultural College, Wye (Prof. | Strong flinty loam overlying | Swedes. 
Dunstan). chalk. 


Glasgow and West of Scotland College of Agriculture | Strong loam on the carboni- Turnips. 
(Prof. Wright). ferous formation. 





The scheme of the experiments was as follows :—- 


At’ each station twenty-two plots in duplicate, each z% of an acre, were selected. 

It was decided to use, as far as possible, 40 lbs. of nitrogen and 36 lbs. of phosphoric 
acid per acre, and 2,072 Ibs. of sludge No. 1 were required to supply these amounts, 
Since the other sludges contained less nitrogen and phosphoric acid than No. 1, 2,072 lbs. 
did not in their case supply as much as 40 lbs. nitrogen and 36 lbs. phosphoric acid. 
It was obviously impossible to apply equal quantities of the manurial constituents from _ 
all the sludges, while it was also inadvisable to attempt to get over this by the addition 
of artificial manures. On the first seven duplicate plots an amount equal to 2,072 lbs. 
per acre of each of the sludges was therefore used. Plots 8a and 86 received an amount 
equal to half the above quantity per acre of No. 1 sludge (7.e., 1,036 lbs. per acre), Plots 
9a and 9b received no sludge, and Plots 10a and 106 received 3,108 lbs. per acre of No. 1 
sludge. The other twelve duplicate plots were used for comparative experiments with No. 1 
sludge mixed with either sulphate of ammonia, superphosphate, or both, and also for experi- 
ments with sulphate of ammonia, superphosphate and fish meal, either together or alone. 
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The whole of the experimental area received an equal dressing of potash salt, supply- 
ing 30 lbs. of potash (K,O) per acre :— 

“The season was somewhat abnormal in character and, on the whole, not very favourable to the action 
“of manures. From the Midlands northwards the early part of the summer was characterised by great 
“* deficiency of rain, with the result that seed germinated badly and young plants received a check in growth. 
“* At Leeds the root crop on the experimental area was a total failure, so that no figures are available from 
*‘ this centre. 


“ At the other centres the yields were fair, being above the average at Cambridge and below the average 
“at Glasgow.” 


255. From the results obtained with given weights of nitrogen and phosphoric acid 
added in the form of artificial manures, Dr. Somerville determines the sensitiveness of the 
soil to manurial treatment, showing :— 


(1) That nitrogen alone (sulphate of ammonia), unsupported by phosphates, 
produced no positive result at any of the centres, so far as turnips and swedes are 
concerned. On the other hand, with mangolds at Rothamsted and Cambridge a 
large increase was obtained. 


(2) That the use of 20 Ibs. of nitrogen (sulphate of ammonia) per acre, together 
with phosphoric acid in the form of superphosphate, produced a marked increase of 
crop im every case. 


(3) That 18 lbs. per acre of phosphoric aid (as superphosphate) alone produced 
no increase of crop, while, with the exception of Wye, 36 lbs. of phosphoric acid 
per acre produced an increase at all the centres. 


Comparing the results obtained with sludge No. 1 alone and mixed with either super- 
phosphate or sulphate of ammonia, he shows :— 


(1) That the phosphate of the sludge is less active than the phosphate in the 
superphosphate, because the addition of a further quantity of phosphoric acid in 
the form of superphosphate produced a greater relative effect in the former case than 
the latter. 


(2) That there are similar indications with regard to the nitrogen of the sludge. 

From the direct comparison of the effects of equal weights of nitrogen (20 lbs. and 

40 lbs. respectively) and phosphoric acid (18 lbs. and 36 lbs.) derived from sludge No. 1 

and from sulphate of ammonia with super-phosphate and with fish meal, Dr. Somerville 

shows that the sludge-grown crop is in nearly every case considerably inferior in weight to 

the crop grown with artificial manure. In several cases the sludge-grown crop was smaller 
than the crop grown on the unmanured plot (No. 9). 


In comparing the results obtained with all seven sludges, he says :— 


“Taking the average of all the centres and the average of the seven plots that got 2,072 lb. per acre of 
“sludge, we find that the yield works out at 19 tons 7 cwt. per acre, which is practically a } ton less than 
“the average yield on the unmanured plot (No. 9). Or, looked at from another point of view, it will be 
* seen that the highest yield of any of the sludges is that of No. 2 (Dorking) on Plot 6, where it amounts 
“to 20 tons 53 cwt., a figure that is lower than the average yield on any of the plots receiving artificial 


** manure.” 
Dr. Somerville’s general conclusion is as follows :— 

“So far as these experiments go, they show that in the season of 1905 none of the sludges experi- 
“‘ mented with produced any consistent manurial effect on the growth of turnips, swedes, or mangolds. Al- 
“though the season was not a good one for the growth of the root crops, it permitted artificial manures to 
“exert a considerable influence upon the yield of this crop. We would, therefore, appear to be justified in 
“ drawing the conclusion that the nitrogen and phosphoric acid of sludge are in a much less available form 
“than the same substances in sulphate of ammonia, superphosphate, and fish meal.” 


In view of the difficulty of the whole subject, it was thought desirable to continue 
the experiments for another year, this time with hay as the crop to be grown. 


SERIES 2. 


(a) Experiments with Sewage Sludge upon Hay, under the Supervision of Mr. 
T. H. Middleton. 


256. The general scheme of this series of experiments was similar to that of Series 1, 
except that eight centres were chosen and the crop grown was hay. 


At most of the centres twenty-five plots of 4, of an acre each (not in duplicate) were 
used, but at Cambridge there were thirty-four plots. 
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The first seven plots received equal weights of the seven sludges; Plots 8, 9, and 11 
different weights of Sludge No. 1; Plots 10 and 23 were unmanured ; Plots 12, 13 and 
14 received No. 1 Sludge with various artificial manures ; Plots 15 to 22 combinations of 
artificial manures alone, while Plots 24 and 25 received lime alone. The artificial manures 
employed in this instance were basic slag and sulphate of ammonia. 

The sludges were the same as in Series 1, but made a year later: as will be seen from 
the chemical analyses, their composition varies slightly. Sludge No. 1 agein contained 
the most nitrogen and phosphoric aid, and Nos. 2 and 4 the most lime. 


Table II. gives the names of the centres at which the experiments were carried out 
with the nature of the soil and the condition of the meadow land. 

















TaBLe IT. 
Centre. | Nature of Soil. Condition of Meadow Land. 
(1) The North of Scotland College of Agriculture, | Poor, wet clay. Field had been in grass. 
Aberdeen. | for six or seven years, 
; but was in extremely 
poor condition. ° 
(2) The West of Scotland College of Agriculture, | Heavy clay. Grass in its first year. 
Glasgow. | 
(3) The Armstrong College, Newcastle-on-Tyne. | Clay loam. Field had been in grass for- 
| about thirty years. 
(4) The University, Leeds. | Medium loam. Old meadow land. 
(5) The University College of North Wales, | Gravelly soil. Old meadow land. 


Bangor. | 


(6) The Agricultural Department, Cambridge Medium, butstickyloam. | Pasture of fifteen to 
University. | twenty years’ standing. 


(7) The Rothamsted Jxperimental Station, 
Harpenden, Herts. 


Heavy clay loam. Old meadow land. 


(8) The South-Eastern Agricultural College, Wye, | Somewhat stiffloamover- | Pasture of some years” 
Kent. | lying chalk. standing. 








257. Mr. Middleton’s report should be referred to, but we may say that the broad 
results show that at the northern stations, where the wet summer was favourable to 
slow-acting manures, the application of sludge seems to have been useful. 


In the South of England, where the hay is cut much earlier, the sludges produced no: 
results whatever. 


Speaking generally, the two sludges containing the most lime, viz., Nos. 2 and 4, gave 
the best results among the sludge grown crops. 


In a general survey of these experiments and the experiments of Series 1, Mr. Middleton 
Says :— 
“The figures obtained in this experiment and in the corresponding experiments made last year are not 


“of a satisfactory character, and do not permit of any conclusions as to the relative money values of sludge: 
* and artificial manures. 


“The only definite conclusion which may be stated is that, for root crops and grass, the action of the 
“nitroge ous and phosphatic constituents of sludge is very slow, as compared with the effect produced by 
“nitrogen and phosphates supplied in ordinary artificial manures. 


“For such crops as mangolds, potatoes and swedes, which have a short period of growth and require- 
“ quick acting manures, sewage sludges would not appear to be well adapted, and if they are employed they 
“ should be applied in tons rather than in hundredweights per acre. | 


“On the other hand, although these experiments do not supply the evidence, it seems likely that sludge- 
‘‘ used in proper quantities would form a good dressing for the slow growing plants of many permanent pastures 
““and meadows. 


“‘ Sludge is unlikely to give satisfaction on the very poor clay-soil pastures which are so much benefited 
“by basic slag, but for old grass land of moderate quality it should prove useful.” 

[t is instructive to note the indication that sludges produced by precipitation with. 
lime are probably more valuable as manures than sludges derived from precipitation with: 
salts of alumina or iron. As is well known, phosphate of lime is much more readily assimi- 
lated by plants than phosphate of iron or alumina. 


This series of experiments upon hay is being continued at some of the stations for 
another year without any fresh application of sludge. 
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(b) Experiments with Sewage Sludge on Grass Land at Woburn, by Dr. J. A. Voelcker. 


258. These experiments were on much the same lines as those carried out under Mr. 
Middleton. 


Eleven plots of 7> of an acre were marked out in a field that had been long in grass, . 
but which could only be described as of moderate quality. The field is on the junction of 
the Lower Greensand with the Oxford Clay, the soil partaking of the character of both 
formations. 


The first seven plots were respectively dressed with each of the seven sludges in 
quantity sufficient to supply 40 lb. of nitrogen per acre, Plots 8, 10 and 11 received ordinary 
mixtures of artificial manures, and Plot 9 was left unmanured. Plots 8, 10 and 11 also 
received a dressing of lime. Exactly the same sludges were used as in Series 2 (a). 

‘* All the sludges, with the exception of Nos. 2 and 4 (which were rather ‘sticky’ in nature, and would 
“in practice be rather difficult to sow), were in fair condition and could be easily manipulated. Very little 
‘rain fell during the months of February and March, the recorded rainfall at Woburn being only 0°99 inch 
“for February and 0°83 inch for March. In April, however, there was much more, and on April 12th 0°44 
“*inch of rain fell, this being the first real washing which the manurial applications received. This fact 
“and the absence of warmth by which the season was marked no doubt militated much against the sludges 
“increasing any decided benefit, and it is, indeed, very probable that the results now recorded cannot fairly 
“ be taken as a guide tothe real or relative values of the sludges. In all experiments conducted on grass land 
‘it is unfair, and often misleading, to take the results of a single year as conclusive, and especially is this the 
* case when an abnormal season like that of 1907 enters into the calculation.” 


When the hay was cut on July 15th it was found that there was little difference in 
weight of crop from any of the first six plots, the produce ranging from about 2 tons per 
acre (Plot 1) to about 2 tons 4 cwt. per acre (Plot 4). Plot 7, receiving Sludge No. 7; 
Plot 8, receiving superphosphate, 3 cwt. per acre and lime 5 cwt.; and Plot 9, which 
received no manure, gave from about 2 tons 5 cwt. (Plot 8) to about 2 tons 7 cwt. (Plot 7) 
of hay. : 

Plot 10 (superphosphate 3 cwt., lime 5 cwt., sulphate of ammonia ? cwt.) gave 
about 2 tons 8 cwt., and Plot 11 (sulphate of ammonia 14 cwt.), 3 tons 3 cwt. 


259. Summarising these results Dr. Voelcker says :— 


** There is, I think, little more to be said than that, for all practical purposes, the sludges did not ‘tell’ 
“* during this season, but that they require longer time to show their influence, and that the only clear benefit 
“was to be traced to the more quickly acting (because more soluble) material, sulphate of ammonia. That 
** even this increase will, in the end, be a beneficial one, is by no means certain, for the mere ‘ flushing’ of a 
+6 7 - 1 a . ; 
grass field to give an extra cut for hay by no means results necessarily in the improvement of the pasture 
“permanently. Here, again, continuation of the experiment for other years is called for.” 


SERIES 3. 
Pot Culture Experiments at Woburn by Dr. J. A. Voelcker (1907). 


260. In addition to the foregoing experiments with grass, Dr. Voelcker also carried 
out a detailed series of experiments with wheat at the Woburn Pot Culture Station, experi- 
ments which involved much care and trouble. 


The same seven slu’ges were used. 


The experiments were divided into three groups :— 

_ (1) A comparison of the manurial effect, on the wheat crop, of one kind of 
sewage sludge as against another, when these were respectively applied in 
quantities calculated to supply 40 lbs. of nitrcgen per acre. 

(2) A comparison of the effect of each individual sludge with that of an 
artificial dressing compcesed of superphosphate, rape dust and lime, calculated to 
supply the same amounts of phosphoric acid, nitrogen and lime as did the corre- 
sponding sludge. 

(3) A comparison of the cost of increase of crop obtained by the addition 
of sludge and by artificial manures of known cost. In this experiment the sludges 
were used in equal weights (2 tons per acre) and compared with dressings of 
artificial manures such as a farmer would be likely to use. 


Every experiment was carried out in triplicate, the plan being to grow the wheat in 
pots of certain size filled with soil of known composition. In filling the pot the last fifth 
of the soil was thoroughly incorporated with the sludge or artificial manure used in the 
experiment. The pots held 40 and 32 lbs. of soil. Contrcl experiments for each size 
of pot were also made at the same time. 


188 


When the pots were all filled, on December 5th, 1906, they were each sown with 
twelve seeds of wheat, the young plants being thinned out to six in each pot on April 11th, 
1907. As regards the plants removed at the time Dr. Voelcker says :—- 


“ . » acomparison of the rootlets of the plants then removed showed very little difference between 


* one sludgefand another, but in each case the artificial equivalents had given the larger and stronger root 
«é bP] 
growth. 


* About April 22nd the first change in appearance showed itself, the sludge grown plants being then 
“slightly in advance of the untreated (‘control’) ones, and the flag presenting a darker colour. The plants 
** of Sludge 1 and 4 were the best of the series. On April 25th the top dressing of sulphate of ammonia was 


“ applied in experiment 3. 


“ By May 24th further differences were noticeable ; the ‘ equivalents’ were in most cases rather stronger 
“than the corresponding sludges. Of the sludges, No. 2 alone seemed no better than the untreated lot, the 
“ others generally showing improvement. Growth was rapid from now, and in each case the ‘ equivalents ’ 
“ went to the front, and by June 20th Sludge No. 2, which up to then had been behind the others, now shot 
“‘ ahead and was the best of the sludges. Sludges 4 and 6 had very irregular plants. As the ripening pro- 
“‘ ceeded, the most noticeable point was that the straw was distinctly shorter in the case of the ‘ equivalents ” 
“than with the sludges themselves ; this held good in every case. The untreated lots ripened off first,:then 
“* the sludges, and lastly the equivalents. Photographs and measurements of the plants were taken just before 
“ harvesting, this latter being done on August 28th, the corn being subsequently threshed out and weighed.” 


261. Having set out the results in tabular form and examined the results in detail, 
Dr. Voelcker draws the following conclusions :— 


“(1) That the different sewage sludges, when used in sufficient quantity to supply 40 lbs. 
‘of nitrogen per acre, are capable of increasing the yield of both corn and straw by 10 to 12 per 
“cent. above the unmanured produce. 

(2) That ‘ artificial equivalents’ of the different sewage sludges applied as above will give 
“rather better results, the increase in corn and straw being 16 to 17 per cent. over the unmanured 
** produce.” 


(3) That the tendency of the use of sewage sludges is to produce a greater length of straw.” 


(4) That as between different sludges, those have done the best which contain the most 
“moisture and the most lime.” 


(5) That the value of the sludge does not turn mainly upon the amount of nitrogenous organic 
“matters contained, but that these may, indeed, be in a form incapable of ready assimilation and 
** requiring lime for their decomposition.” 


(6) That from a practical point of view none of the sewage sludges used would be worth 10s. 
‘a ton on the farm for wheat-growing purposes.” 


262. Acting on the suggestions of Mr. Middleton and Dr. Voelcker, we have decided 
to continue these experiments for another year. The indications are that the manurial 
constituents of sewage sludge act much more slowly than those of ordinary artificial 
manures, and for this reason the second year results may be of considerable importance, 


Unit for unit the nitrogen and the phosphoric acid of sludge seem to be of less value, 
manurially, than the nitrogen and phosphoric acid of artificial manures; at any rate so 
far as the first year of application is concerned. It also appears that sewage sludge is not 
a suitable dressing for quickly growing plants, unless it is applied in very large quantities 
per acre. 


The important practical consideration, however, is not whether the manurial 
constituents of artificial manures are, unit for unit, more valuable than the manutial 
constituents of sewage sludge, but whether a given increase of crop can be produced 
more cheaply with sewage sludge than with artificial manures. Sewage sludge has un- 
doubtedly a manurial value, but the. manurial constituents being of necessity mixed with 
such a large proportion of grit, etc., the question of its economic use as a manure depends, 
to a large extent, upon the cost of carriage. 


In the case of sewage sludge, likely to contain anthrax spores, it would of course be 
unwise to apply it to land. It would, however, be only in rare cases that such spores 
would be apt to be present. 
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SLUDGING OF MILL DAMS. 





263. Our attention has been drawn to the evils attending the practice of the sludging 
of mill dams on rivers, and, although the matter is not directly within our terms of 
reference, we thought it desirable to take some evidence in regard to it, as it was alleged 
that the practice frequently gave rise to serious nuisance. 


Many of the rivers in this country, particularly in Cheshire, Lancashire, and York- 
shire, are largely used by manufacturers for power and other purposes, and to facilitate 
the use of the water for such purposes, dams or reservoirs are constructed either in 
the bed of the stream itself, or near thereto. 


In course of time, the mill dams become silted up with solid matters which are 

brought down in suspension by the stream, and which, owing to the velocity of the 
stream being reduced, settle in the mill dam. It is necessary to empty these solid a” 
matters out of the mill dams from time to time, and the evidence shows that when the 99954 5; 
accumulations are sent down the river in bulk serious pollution may take place and Tatton, 20264. 
a nuisance may be caused. The liability to nuisance is of course greater in the case Halliwell, 
of rivers which, in their course above the mill dams, receive polluting matters such as seh 5 
sewage and manufacturing effluents, but it was represented to us that nuisance also 939355. 
occurs, though in a lesser degree, on rivers which are not so polluted. Tatton, 20265-73. 

. Wilson, 23934. 


The witnesses whom we examined specially in regard to these matters were :— 


Mr. Herbert Hughes, C.M.G., Clerk of the Millowners’ Association of the 
River Don. 


Mr. J. Selwyn Rawson, Millowner. 


Mr. A. F. Somerville, Chairman of the Sanitary Committee of the Somerset 
County Council. 


Mr. R. A. Tatton, Chief Inspector of the Mersey and Irwell Joint Committee. 

Mr. E. Halliwell, Chief Inspector of the Ribble Joint Committee. 

Mr. H. Maclean Wilson, Chief Inspector of the West Riding of Yorkshire 
~ hiivers Board. 


From the evidence of these witnesses, we find that there are three principal 
methods of removing the accumulations of solid matters, or sludge as it is termed, from 
dams, namely, (@) by opening the sluices and allowing thé accumulated water to flush 
out the sludge ; () by turning the water of the stream through the dam and employ 
ing men to push and carry the sludge into the current of water, by which it is washed 
out of the dam into the stream ; and (¢) by running the water out and wheeling ‘the 
sludge to a tip outside the dam. 


264. The main provisions of the general law affecting this matter are contained in the 
Rivers Pollution Prevention Act, 1876. There-are, besides, two special Acts, namely, 
the Mersey and Irwell Joint Committee Act, 1892, in force in the area under the jurisdic- 
tion of the Mersey and Irwell Joint Committee ; and the West Riding of Yorkshire Rivers 
_Act, 1894, in force in the area under the jurisdiction of the West Riding. of . Yorkshire 
Rivers Board. | 


_ By Section 2 of the Rivers Pollution Prevention Act, 1876, it is provided that 
“ every person who puts or causes to be put or to fall, or knowingly permits to be put 
or to fall into any stream, soas.. ._., to interfere with its due flow, or to pollute its 
waters, the solid refuse of any manufactory, manufacturing process .or quarry, or any 
rubbish or cinders, or any other waste or any putrid solid matter, shall be deemed to have 
committed an offence against this Act.” By Section 17. the Act is not to apply to or 
affect the lawful exercise of any rights of impounding or diverting water ; and. by 
Section 20, the term “ solid matter ” if not inconsistent with the context, does not. in- 
clude particles of matter in suspension in water. 


The effect of these provisions upon the sludging out of mill dams has been the 
subject of a judgment in the Court of Appeal in the case of Ribble River Joint 
Committee v. Halliwell. The respondent owned a mill on the river Darwen, and he 
had from time to time been accustomed to divert the water, which was polluted with 
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Tatton, 20305. 
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vegetable substances, into a reservoir. The water was impounded in the reservoir, 
cleared, run off, and then used for condensing purposes. A large deposit was left at 
the bottom of the reservoir, and from time to time sluice gates were lifted and the 
deposit was discharged into the river. The matter so discharged was putrid, and it no 
doubt polluted the river. | 


The Court of Appeal held that the lawful exercise of the right to impound and 
divert water, which was protected by Section 17 of the Act of 1876, necessarily implied 
a right to return the water after it had been used for the purposes for which such right 
of impounding and diverting was so exercised ; and that if, by the impounding, solid 
matter which was brought down in suspension by the stream was allowed to settle and 
become putrid, the return of the water, together with such putrid matter, was not an 
offence under Section 2 of the Act. 


265. In the Mersey and Irwell Joint Committee Act, 1892, the prohibition against 
the putting of solid matters into a stream is extended to “sludge” ; but it is provided 
that no person shall be deemed to have committed an offence against the Act for 
constructing in or across any “river or stream any . . . dam . . . which but 
for the passing of the Act he would have a legal right to construct,” or “ for putting 
into any such river or stream any sand or gravel or other natural deposit which shall 
have flowed from or been deposited by the current of any such river or stream.” 


So far as we are aware, the effect of the Mersey and Irwell Joint Committee Act 
has not been determined by the High Court; but it was stated by Mr. Tatton, then 
Chief Inspector of the Joint Committee, that proceedings had been taken under the 
Act in seven cases against millowners on polluted streams for sludging out mill dams, 
and that convictions were obtained in all these cases. ; 


266. The West Riding of Yorkshire Rivers Act, 1894, follows closely the Mersey 
and Irwell Act, but is, if anything, somewhat stronger. For in addition to “sludge,” 
the West Riding of Yorkshire Act expressly mentions “any rubbish or any deposit in a 
reservoir, mill dam, water lodge, or pond,’ as amongst the solid matters which may not 
be put into a river ; and, while it contains the proviso that no person shall be deemed 
to have committed ‘an offence for putting into a river or stream any sand or gravel or 
other natural deposit which shall have flowed from or been deposited by the current of 
the river or stream, it further provides that the sand or gravel or other natural deposit 
so put back into the stream shall not interfere with the due flow of or pollute the waters 
of such river or stream. 


The West Riding Act has been before the High Court in the case of West Riding 
of Yorkshire Rivers Board v. Goldthorpe and another, which was.an appeal by the 
Rivers Board from the decision of the Quarter Sessions dismissing a case in which a 
millowner was proceeded against for putting solid matter into a stream. From the re- 
port in Zhe Times of June 9th, 1898, we gather that the process of the respondents was 
to collect in the mill dam the water that worked the mill by reason of which a deposit 
was created. Periodically this deposit was shovelled out into the stream and allowed 
to be washed down. Evidence was given that-as much as 300 tons in one day was thus 
sent down, and a sample of dark coloured water was put in in evidence. The Court held 
that the section of the Act prohibiting the putting of solids into a stream did not apply 
to ‘cleaning out” a natural deposit of a mill dam. Day, J., stated “that was a 
natural deposit ordinarily associated with a mill pond when the water was torpid for a 
certain time. This was not an offence under the section, and, if it were, it would come 
within the exception.” 


We may also refer to another action under the West Riding of Yorkshire Rivers 
Act, viz., West Riding of Yorkshire Rivers Board v. Rawsons (1903). The respondents 
were the owners and occupiers of a mill situated on the bank of a river. Adjoining 
the mill was a large dam fed by a goit from the river and a tributary stream and hay- 
ing an outlet at the other end into a lower part of the river. The sewage from some 
400 houses, besides the treated trade effluents of six mills, entered the river above the 
dam. Owing to the waters being impounded in the dam, a deposit of mud and sludge 
had formed in the basin of the dam. The respondents, in order to get rid of the mud- 
sludge and deposit, opened the sluice. at the outlet of the dam and turned the whole of 
the waters of the river through the dam, while men with spades conveyed and scraped 
the mud, sludge and deposit into the current so made when it was carried in suspen- 
sion through the outlet, making the river muddy and unfit for any purpose. | 
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It was held that the respondents had committed no offence under the Act. In the 
course of his judgment, Wills, J., stated, ‘‘under the Act applicable to the present 
case the sludge is prohibited from being sent out, but, by reason of what has been done, 
the sludge before anything has been sent out has ceased to be sludge, or has been con- 
verted into a very mild decoction.” This had reference to the fact that a sample of the 
water taken at the outlet during the sludge operations was analysed and found to consist 
of slightly over 994 per cent. of liquids and less than half per cent. of solids in suspen- 
sion. 


267. It was clearly the intention of. the two Rivers Boards, in promoting their r 
special Acts, to obtain power to prevent millowners from turning into the river Bo Gea 
the solid matters which had been deposited in mill dams, and it was urged y9318’9 ~~’ 
by some of the witnesses that the general law should be altered so as to prohibit Halliwell, 
the scouring out of the sludge into the river, save perhaps in exceptional cases, 20503-5. 
and that the manufacturer should be required to remove the sludge on_ to es 
land. Mr. Maclean Wilson, representing the West Riding of Yorkshire Rivers Board, 9393944’ 
stated that, on the whole, this was the more common practice in the West Riding, and 23939-42. 
that therefore it must be regarded as a financially practicable method to adopt. Mr. Tatton, 20331-2. 
Tatton, Chief Inspector of the Mersey and Irwell Joint Committee, and Mr. Halliwell, Halliwell, 
Chief Inspector of the Ribble Joint Committee, expressed a similar view. Mele ody 


On the other hand, Mr. Hughes, representing the Millowners’ Association of the 20124. 
River Don, contended that the cost of removing the sludge on to land would in some 
cases be absolutely prohibitive, and this view was supported by the evidence of Mr, 20183-99. 
Rawson, a millowner. It was further pointed out that in some cases the situation of Rawson, 20184-6 
the mill dam would render it impracticable to remove the sludge on to land. yalliwell 


20515-7. 
268. We are satisfied that the discharge of sludge from mill dams into the river, at 
more or less lengthy intervals of time, in some cases gives rise to serious evils. While 
the river could itself deal with the suspended matters as.they flow down from day to 
day, it cannot cope with the accumulation of such matters when these are discharged 
altogether over a short period. 


At the same time it must be remembered that in numerous case millowners have 
had the unrestricted right for many years to empty the sludge from their dams into the 
river, and that any undue interference with this right might seriously affect industries, 


Looking to all the circumstances, and having regard to the evidence given on behalf : 
of millowners, we do not consider that the practice of sludging mill dams by turning 
the accumulations into the stream should be absolutely prohibited by law in every case 
without regard to the local circumstances. We are of opinion, however, that in most 
cases it would be financially practicable for the millowner to remove the sludge on to 
land or to adopt some other means of disposing of it, and in such cases the millowner 
should not be allowed to turn it into the stream if, by so doing, a nuisance would be 
caused, 


RECOMMENDATION. 


269. We recommend that in any case in which the Rivers Board should be of 
opinion that the sludging of a mill dam by turning the accumulated sludge into the 
stream would give rise to nuisance, and that it would be financially practicable for the 
mill owner to adopt some other method of cleansing the dam, the Rivers Boards should 
be empowered, by notice, to direct the millowner not to turn the sludge into the stream. 


Tt should be provided that any millowner deeming himself aggrieved by such a 
direction, might, within some fixed period, appeal to the Central Authority. The 
decision of the Central Authority should be final. 


Should any cases arise in which it is important that the sludge should not be 
turned into the stream, but in which the Rivers Board are of opinion that the cost ‘of — 
adopting any other method of cleansing the dam would be prohibitive to the millowner, 
we recommend that the Rivers Board should be empowered to represent the case to the 
Central Authority, and that the Central Authority should be empowered, after due 
inquiry, to direct that the sludge shall not be turned into the stream. If the Central 
Authority should be satisfied that the cost of adopting some other method of cleansing 
the dam would be greater than the millowner could be reasonably called upon 
to bear, they should be empowered to direct that a portion of the cost should be borne 
by the local authorities whose districts would be benefited. 
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PART V.—GENERAL. 


hee EFFECT OF TRADE EFFLUENTS ON SEWAGE PURIFICATION. 


270. All the trade effluents of which we have had experience interfere with or retard 
processes of purification to some extent, but we are not aware of any case where the 
admixture of trade refuse makes it impracticable to purify the sewage either upon 
land or by means of artificial processes, although in certain extreme cases special processes — 
of preliminary treatment may be necessary. , 


d 


In the following cases, which we have investigated more or less fully, some 
modifications have had to be adopted in consequence of the presence of trade refuse. 


Burton-upon-Trent.—Brewery refuse. 


Here the sewage consists mainly of brewery refuse, the sewage proper constitu- 
ting only about one-fifth part of the whole. We are not aware whether artificial 
processes of treatment have been tried.with the Burton sewage; but, for its treatment 
on land, the addition of a very large quantity of lime has been found necessary 
(40 to 50 grains per gallon), otherwise the decomposition of the sewage gives rise to 
the production of much sulphuretted hydrogen, causing great nuisance. With 
carefully regulated addition of lime, treatment on land appears to be successful in 
producing a good effluent. 


Bradford.—-W ool-scouring liquor. 


The sewage of Bradford contains a large proportion of wool-scouring liquors, 
which have the effect of making it abnormally alkaline and very greasy. <A special 
preliminary process of precipitation has therefore been found necessary, viz., the 
“cracking” of the sewage with sulphuric acid. The fats which are thus set free are 
extracted from the precipitated sludge by pressing hot, and by distillation of 
this pressed sludge under reduced pressure. The precipitation liquor after the 
addition of sulphuric acid can be successfully treated on percolating filters at rates 
of from 50 to 100 gallons per cube yard per day, notwithstanding that it is often 
distinctly acid as it goes on to the filter. It may be added that the effluent from 
the filters is usually neutral or slightly alkaline. 


Rochdale.—W ool-scouring liquor, waste liquor from fellmongers, rubber-recovery 
waste. 


At Rochdale, as at Bradford, the sewage is often rendered very alkaline and 
greasy by the discharge of wool-scouring liquor. At such times sulphuric acid in 
addition to alumino-ferric is used as a precipitant ; otherwise the tank liquor obtained 
is unsatisfactory and badly settled. The sewage after precipitation is successfully 
treated, either upon filters, or upon land. 


It is interesting to note that the strong alkaline sewage at Rochdale can be 
successfully treated, without. any neutralisation, by septic tanks, followed by 
Whittaker percolating filters. 


Wolverhampton.—W aste liquors from galvanising works. 


Owing to the discharge of the “used-out” liquors and wash water (which contain 
a large quantity of ferrous iron in acid solution) from the vats at. the galvanising 
works in the town, the Wolverhampton sewage is often mixed with such a large 
quantity of this liquor that it is then necessary to increase the quantity of lime which 
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is used as a precipiiant in order to obtain good settlement in the tanks. If sufficient 
lime is added, the iron in the sewage helps the precipitation. The tank liquor is 
successfully treated over land, and it has also been shown, by experiment, to be 
easily amenable to treatment on bacteria beds. 


There are many similar cases; but those cited are, perhaps, sufficient to show 
that trade effluents may render necessary modifications in the ordinary processes of 
purification. 


271. These cases may, we think, be regarded as more or less exceptional. Usually 
we find that the amount of trade effluent is not sufficiently large to make any 
material modification of the process necessary, though of course the increase in volume 
of the sewage to be treated may necessitate an enlargement of the filtering area. The 
following are cases of this kind :— 


Birmingham.—V arious manufacturing liquors. 


The Birmingham sewage, notwithstanding the considerable proportion of various 
manufacturing waste liquors which it contains, can be successfully treated upon land 
or upon artificial filters, after ordinary preliminary settlement and septic tank 
treatment. 


Manchester. —Various manufacturing wastes, including many tar products. 


Here part of the sewage is being successfully treated on a large scale by means of 
septic tanks and contact beds. 


eat 


Leeds.—W ool fibre, dye waste, tannery and iron liquors. 


The fibrous nature of the suspended matter in the Leeds sewage and the amount 
of finely divided and colloidal iron compounds which it contains seem to be the main 
causes which render the settlement—either by septic tank treatment or sedimentation, 
or even by precipitation—more difficult, and the danger of filter clogging much more 
serious, than would be the case if these waste products were absent. The trade 
effluents in general also seem to have the effect of inhibiting, to some extent, the 
action of the nitrifying organisms in the biological oxidation processes at Leeds, for it 
has been noticed that filters take an exceptionally long time to mature there. 


The experiments at Leeds, however, have shown that it is possible to produce good 
effluents by various processes, and that—with careful selection of the materials— 
clogging can be prevented long enough to make it practicable to treat the sewage by 
artificial filtration. , 


Maidstone.—Brewery and tannery waste. 


The Maidstone sewage is frequently mixed with large quantities of the waste 
liquors from breweries and tanneries. At such times the liquid resulting from the- 
tank treatment after precipitation with lime is organically stronger and less well 
settled than at other times. The trade effluents at Maidstone also appear to have- 
the effect of increasing the nuisance from the tanks, -for it has been noticed that when 
these liquors are present the smell is much greater. Experiments, worked partly 
under our observation for this special purpose, have shown that the sewage can Le. 
purified to the extent of 88 per cent., calculated on the “oxygen absorbed” in four 
hours, by double contact filtration, without preliminary treatment in tanks for the 
settlement of the solids, although only a small quantity (23-7 gallons) can be filtered 
per cube yard per day. 


Yeovil.— Waste liquors from tanneries. 


At Yeovil, closed septic tanks and double contact beds appear to be successful in 
treating a sewage which is often mixed with a large proportion of tannery liquor. 


Here the effect may be to require a more frequent cleansing of the tanks and 
possibly of the filter beds. We have not watched the plant continuously. 
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York.—Tannery waste and waste-waters from a confectionery works. 


After septic tank treatment the York sewage can be successfully treated upon 
percolating filters at a rate of something like 150 gallons per cube yard per day. 





There are a number of such cases, and, indeed, the great majority of sewages from 
towns with populations from 5,000 upwards are mixed with small proportions of 
manufacturing wastes. Generally, therefore, we are satisfied that the character 
and proportion of the trade eftuent or effluents in the sewage are not such as 
seriously to affect any process of purification, though in some cases where it is 
present in large proportion, or is of a specially refractory character, special means 
have to be taken to counteract its influence. 


At many of the places which we have visited (for example, Birmingham, Bradford, 
Burton, Burnley, Huddersfield, Leeds, Manchester) the difficulties arising from the 
admixture of trade effluent with the sewage have been largely overcome as the result 
of experiments, which have been conducted under the supervision of skilled scientific 
advisers resident upon the works. 3 


272. Our further experience strengthens the view which we expressed in our Third 
Report, that, as a general rule, trade effluents should be allowed to enter the sewers, 
but that the local authority should be given power to require that their admission 
should be subject to regulation. 
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NUISANCE FROM SMELL AT SEWAGE WORKS. Vs 





273. All sewage works are liable, at times, to give off unpleasant smells, and they 
should, therefore, be situated away from dwelling houses, wherever this is practicable. 


The nuisance is apt to be considerably greater where the sewage contains brewery 
refuse in any quantity; but, on the other hand, the presence of some trade effluents, such, 
€,g., a8 iron salts or tarry matters, tends to render the process of purification less offensive. 


The extent of the risk of nuisance depends, however, not only on the character of 
the sewage, but also on the method of treatment adopted. 


Tank Treatment. 


274. Septic tank treatment is likely to be more offensive than chemical precipitation 
or simple sedimentation. During sludging operations all tanks are usually offensive ; but 
septic tanks—unlike other tanks—may give off sulphuretted hydrogen, and probably 
small quantities of offensive organic sulphides, at other times. 


By covering over septic tanks and the feed channels to the filters, the risk of nuisance 
from the tanks themselves during the period of working is greatly lessened, but the liquor 
issuing from septic tanks contains a larger amount of sulphuretted hydrogen than other 
tank liquors, and its subsequent filtration may, therefore, give rise to more nuisance. 


Filters. 


275. The exposure of a foul smelling liquid to the air is necessarily accompanied"by 
risk of nuisance, and if such a liquid, in the process of distribution, is divided up into 
small drops or jets, it is obvious that the smell will be greatly intensified. 


For these reasons percolating filters are more likely to give rise to nuisance than 
contact beds, if the liquid to be treated contains offensive gases. 


In some cases, septic tank liquor can be treated upon percolating filters without 
much risk of nuisance, but where the liquor is derived from a strong domestic sewage or a 
domestic sewage containing brewery or tannery waste, and especially if it is sprinkled or 
sprayed upon percolating filters, serious smell may occur in the neighbourhood of the 
works. | 


At the following places where septic tank liquor is sprinkled upon percolating 
filters, there is usually a considerable smell in the proximity of the filters :— 


Accrington - - Strong domestic sewage. 

Dorking - - - Domestic sewage of about average strength. 

Guildford - - Very strong domestic sewage containing brewery waste. 
Dorchester - - Domestic sewage containing brewery waste. 


On the other hand the same process does not give rise to any serious complaint at :— 


Birmingham - - Strong sewage containing much manufacturing waste, which 
includes salts of iron. 

Rather weak sewage containing much manufacturing waste, 

| including salts of irun. ; 

Leeds - : - Rather weak sewage containing much manufacturing waste, 

: including salts of iron. 

Weak sewage containing a small proportion of manufacturing 
waste. 


Huddersfield 


Hanley - 


Where fresh crude sewage or fresh precipitation liquor is treated upon. perco- 
lating filters, there is much less danger of nuisance. This is exemplified at the following 
places :— 


Crude Sewage : 


Hendon - -  - Domestic sewage of average strength. 
Leeds - - + Rather weak sewage containing much manufacturing waste. 


- =e 


Settled Sewage: ° 


Huddersfield - - Rather weak sewage containing much manufacturing waste. 
Leeds” - : - Rather weak sewage containing much manufacturing waste. 


Market Drayton Very strong slopwater, sewage. | 


Precipitation Lnquor : 


Kingston - P - Domestic sewage containing a small proportion of trade waste. 
Dorking - ~-  - Domestic sewage of about average strength. 

Chorley - - . - Domestic sewage of about average strength. 

Royton - . - Domestic sewage. 

Normanton - - Very strong slopwater domestic sewage. 

Withneil - = - Strong domestic sewage, mainly slopwater. 


At Horfield, however (strong domestic sewage, partly derived from latrines), where 
precipitation liquor was distributed by dripping trays upon percolating filters, there was 
occasionally a very strong local smell upon the works. 


276. Our experience leads us to the following general conclusions upon this question: — 


That where weak sewage, purely domestic or mixed with manufacturing refuse, 
is treated either fresh or after chemical precipitation, or even after passing 
through septic tanks, there is not likely to be any serious smell. If such a 
sewage contains a small proportion of brewery or tannery waste, however, 
and is given preliminary treatment in septic tanks, nuisance may possibly arise 
if the septic liquor is sprinkled or sprayed upon percolating filters. 


That where a strong domestic sewage is treated, either fresh or after settlement 
or chemical precipitation, by sprinkling upon percolating filters, and especially 
if it is a slopwater sewage, there will not be much danger of nuisance.* On 
the other hand, if such a sewage is passed through septic tanks, there will be 
danger of serious nuisance, while if it contains brewery or tannery waste there 
will be danger of nuisance with any form of preliminary treatment, excepting 
possibly chemical precipitation. 


That with a weak sewage, containing a mixture of trade wastes (especially if iron 
salts are present), there will be little danger of nuisance, whatever the form of 
preliminary treatment or final filtration. | 


That with a strong sewage containing a mixture of trade wastes, there will nct be 
much danger of nuisance, if it is treated by sprinkling upon percolating filters 
in the fresh state or after simple subsidence. or chemical precipitation; but, 
if it is first passed through septic tanks, there may in some cases be serious 
danger of nuisance. This was well exemplified in the case of the experimental 
septic tank at Sheffield, even though the sewage there contained considerable 
quantities of iron salts. | oe : 


The risk of nuisance with percolating filters depends to a large extent on the method 
of distribution adopted, unless the filter is covered in. 


277. The following table shows a number of places arranged in the order of “ strength”’ 
of sewage, side by side with our observations as to nuisance arising from the distribution 
of the liquid over the filters:— 








* This might not hold good in the case of highly ammcniacal sewageg, 





Place. 
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Places where 
smell is appar- 
ent. 


Rochdale — - 


Caterham - 


Guildford - 


Accrington - 


Dorking - 





Horfield - 


Knowle - 
Places where 
little smell is 
apparent. 


Clifton - : 


Normanton - 





Little Drayton 


Birmingham - 


Leeds - = 


York - - 


Hendon 


‘ 


/ 
Chorley 





Dorking - 


Kingston - 
Salford- —- 


Hanley - - 





Prestolee 


BS. 

ga & | Nature of 
Nature of Sewage. 3 &¢ | preliminary 

"3 99 | treatment. 

Sie = 

* nm 

Strong domestic sewage,| 203 | Septic tank. 
mixed with large quanti- / 
ties of wool-scouring 
liquor. 

Very strong domestic; 195 Septic and 
sewage, derived mostly “cultivation” 
from latrines. tank. 

Very strong domestic) 194 Septic tank. 
sewage, mixed with 
brewery waste. 

Rather strong domestic; 121 Septic tanks. 
sewage. 

Domestic sewage of about 96 Septic tanks. 
average strength. 

Domestic sewage, derived 88 Precipitation 
partly from latrines. tanks, 

Domestic sewage. 78 Septic tanks, 

Very strong slopwater| 247 (Settling tanks. 
sewage, 

Very strong slopwater| 235 Precipitation 
sewage, tanks, 

Very strong slopwater sew-| 205 Settling tanks. 
age, containing laundry 
waste, 

Strong trade sewage, con- — Septic tanks, 
taining salts of iron. 

Trade sewage, strong as; 123 Septic, sett- 
regards suspended matter, ling and pre- 
but otherwise rather cipitation 
weak, tanks, 

Rather weak domestic} 115 Septic tanks, 
sewage, but containing 
tannery waste, etc. 

Domestic sewage of about} 110 No prelim- 
average strength. inary treat- 

ment, — 

Domestic sewage of about} 106 Precipitation 
average strength. tanks. 

Domestic sewage of about 96 Precipitation 
average strength. and settling 

tanks. 

Domestic sewage of about; 94 Precipitation 
average strength, tanks. 

Trade sewage of about — | Precipitation 
average strength. tanks. 

Weak domestic sewage, 61 Septic tanks. 
containing a small pro- 
portion of trade waste. 

Very weak — slopwater 28 Septic tanks. 
sewage. 























(* See p. 15 of this report and the memorandum of Dr. 
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Distributor. 


Sprinkler. 


Perforated pipes, 


Sprinklers. 


Sprinklers. . 


Sprinkler. 


Dripping trays. 


Dripping trays. 


Fine material on 


surface. 


Fine material on 


surface. 


Tipping troughs, 


Nozzles. 


Sprinklers. 


Sprinklers. 


Tipping troughs, 


Flushing over fine 
material on surface, 


Sprinklers. 


Sprinkler, 
Nozzles. 
Sprinklers, 


miv4 8 


Fine material on 


surface. 











Remarks as to smell 
arising from the 
distribution. 


Considerable smell in 
neighbourhood of 
filter. 


Strong smell in filter 
house. 


Strong smell in 
neighbourhood of 
filter. 


Strong smell near 
filters as a general 
rule. 


Strong smell near 
filters. 
Occasionally very 


strong smell near 
filters. | 


Occasionalls some 
smell near filters. 


Very little smell 
from filters. 
Very little smell 
from filters. 
Very little smell 
from filters. 
Very little smell 
from filters. 
Very little smell 
from filters. 
Very little smell 
from filters. 
Very little smell 
from filters. 


Practically no smell 
from distribution. 


Very little 
from filters. 


smell 


Practically no smell 
from distribution. 


little smell 
distribution. 


little 
filters. 


Very 
from 


Very smell 


from 


little smell 


filters. 


Very 


from 





McGowan in Appendix IV.) 
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278. Inthe whole of our experience with contact beds, we have only observed one case 
in which any appreciable nuisance arose after the liquor to be treated was in the bed. 


In that case the nuisance was, we think, due to overworking, for the smell practically 
disappeared when the beds were given a short rest. 


On the other hand, there is almost always local smell from the channels or feed 
troughs delivering to a contact bed, when the liquid to be treated possesses a strong smell, 
and also, in some cases, when the primary bed is being discharged. 


At Hampton, during the last year of the treatment. of crude sewage upon contact 
beds, the filling of both primary and secondary beds was attended with local smell. In 
the case of the primary beds, we think: that there would. have been. serious nuisance if 
there had been houses in close proximity to the works. . In this case, the smell chiefly 
arose from the settling ‘‘ bays ” constructed on the surfaces of the beds. 


At Guildford, Hartley Wintney, Andover, Exeter (Main Works), Ilford, Leeds, Brad- - 
ford, and Sheffield, we have, on a number of occasions, been aware of considerable local 
smell arising from feed channels during the filling of contact beds. If steps are taken 
to obviate this, there is no doubt that contact beds are less liable to give rise to nuisance 
than any other form of filters. 


In connection with the smell which arises from feed: channels and distribution pipes, 
it is of interest to observe that at Ilford and Andover the authorities have recently adopted 
the plan of covering the channels and laying a few inches of material oyer the distribution 


pipes. We understand that this has had the effect of reducing the smell to a very large 
extent. 


An important point which is sometimes lost sight of is that, although the surfaces 
of contact beds are rich in insect life, it is unusual to see many flies on the beds, whereas 
percolating filters of coarse or medium material generally swarm with them. . 


Treatment on Land. 


279. Where the soil is fairly porous and the land is not overworked, land treatment of 
sewage is not, as a rule, offensive. > 03 at guene |- credipettonnd 


In. certain states of the atmosphere, however, we find that the smell from sewage 
farms is offensive, and it is therefore important that sewage farms, also, should be kept 
as far away from dwelling houses as practicable. 


Deodorization of Septic Tank Liquors. 


280. The use of septic tanks followed by percolating filters, may, in some cases, be the 
most economical way of treating the sewage, but in view of the greater risk of nuisance from’ 
such a combination, it might not be advisable to adopt it in many cases. 


The question whether the offensive character of septic tank liquors might be destroyed, 
arose in the case of Stone, in Staffordshire, where a sewage containing brewery refuse 
had to be dealt with. In that case it was proposed to overcome the. difficulty by the 
addition to the septic tank liquor of an active chlorine solution, 2.¢., a solution of alkaline 
hypochlorite, produced by an electrical process by a company named.“ Oxychlorides, 
Limited.” 7 | | | 


- 


The addition of this chlorine solution clearly lessened.the offensive smell of the septic 
taik liquor, but the question was raised whether it: might not also interfere with 
the subsequent oxidation of the sewage by filtration. PIgEwS 
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For the purpose of testing this by experiment, two identical percolating filters. were 
provided at the Guildford sewage works, and these were kept under. observation ‘for 
several months by Mr. Carter, Assistant Chemist to the Commission. — On to one of these 
filters was run septic tank liquor alone ; on to the other, the same tank liquor, in the 
same amount, but mixed with varying quantities of the hypochlorite solution. 


The results of these experiments showed :— 


1. That “‘35* per cent. to 50 per cent. treatment” with the hypochlorite solution 
is sufficient to do away with the offensive sulphuretted hydrogen smell of the Guildford 
septic tamk liquor, leaving in its place a comparatively inoffensive odour of spent bleach 
and fresh sewage. 


2. That the addition of this quantity of ‘oxychloride ” in no way interferes with 
the efficiency of the filter. Indeed; it rather adds to it, by helping to keep down an 
excess of grey growths on the top of the filter. 


. 3. That a very much larger quantity of oxychloride may be added, without any 
_ danger to the filter: In other words, there is.a large margin of safety, 80 far as regards 
the accidental addition of too much oxychloride. Somewhere between “ 200 per cent. 
and 500 per cent. treatment”? appears to be the limit of the ape of oxychloride 
_ which can be added with safety. 


fi Rwy: TAg famsber of bacteriological examinations. were also made in connection with the 
te SR and we ascertained that a dose-of oxychloride more than sufficient to remove 
_ a sulphuretted hydrogen smell and kill B..coli in the liquid to be treated may be used 
without prejudice to the purifying ability of a mature percolating filter. 


_.» A summary of the experiments is given in the accompanying table, and a detailed 
Report upon them in Appendix IV, , 











—— ee. 


* As to the meaning of this term see Mr. Carter’s Report, Appendix IV, 
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(FT) 


/1-T=0L-6—00-0 | 16-F=G8.¢—ZZ-F 
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The Oxychloride Company has furnished the following figures as representing the 
working cost of deodorising 1,000,000 gallons of septic tank liquor by the addition of 
6 gallons, 8°4 gallons, and 12 gallons of strong oxychloride, respectively, per 100,000 
gallons of liquor :— 


Amount of Oxychloride added. Working cost per million gallons. 
ad: 
6 gallons per 100,000 gallons eee - ’ 9 3 
&°4 2” 29 99 vs a 2 os 12 2 
12 99 99 29 Ss 7 a 18 6 


The capital cost of the plant would be the same in each case. For the Guildford 
sewage, this was calculated to be £1,220. . 


281. Of course, there are other ways of providing chlorine, if it should be found that 
this is the best body to use for the purpose of destroying the offensive character of septic 
tank liquor. 


Our own experiments have shown that the offensive character of Dorking septic tank 
liquor can be destroyed by the addition to it of 3 grains of lime per gallon. We have 
also found that the liquor, so treated, could, after a short settlement, be filtered at a 
considerably increased rate. 


Generally, we may say that the risk of nuisance at a sewage works may be considerably 
lessened by careful selection of the method of treatment and careful attention to details ; 
and that by the adoption of special precautions, methods of treatment, which ordinarily are 
accompanied by somewhat serious smell, may be rendered almost inoffensive. 
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SOME OBSERVATIONS. ON THE CHOICE, OF A METHOD OF 
| | SEWAGE TREATMENT, 7 ie 





GENERAL. 


282. The selection of a method of sewage disposal, and the settlement of details in con- 
nection with,any method which it is proposed to.adopt, should depend primarily on local 
conditions, and we only propose to indicate in a general way what, in our opinion, should 
be the guiding considerations. De | HOS {RFC 


. ; Ina later part of this Report,* we have expressed the view that the degree of puri- 
ncation which should be required.in any;particular case: should: depend‘ on local eircum- 
stances, andthe question which a local authority would have to determine would be in 
what way the sewage could be most economically purified to the extent necessary. Tia 
sufficient quantity of good land, to which the sewage can flow by gravitation, can be 
purchased for about £100 an,acre, land treatment would, we think, usually bethe cheapest 
method to adopt. Or,,if the case were. one)in which«it: was necessary toobtain’a high 
class effluent, 1t might be cheaper to:pay a somewhat higher price for good land, rather 
than to adopt artificial treatment, because effluents obtained.from the treatment oP sewage 
on artificial filters, as usually carried out in practice, are generally distinctly inferior to those 
obtained by the treatment of sewage-on good land, and some addition to the ‘ordinary arti- 
ficial plant would therefore be required... On good land; a sewage of average strength, from 
which the major portion of the suspended sohds have beeneliminated by tank treatment, 
can be treated at about the rate of 30,000 gallons per acre-per day,-with the production ofa 
high class effluent. If the land available were of only medium quality, capable, say, of 


treating only half this quantity, its use might still be economical, if it could be acquire 
at about £50 an acre. 


tz 


Jn cases where only clay land was available, we think that it would generally be 
cheaper and more satisfactory to provide artificial filters. 


In considering the question whether land or artificial treatment should be adopted, 
the situation and levels of the land available are, of course, important factors. And 


whatever system is adopted, it is essential that the works should be so situated as to be 
capable of extension. | 


SELECTION OF AN ARTIFICIAL PROCESS. 


283. As regards the selection of an artificial process, the following are the broad 
generalisations at which we have arrived :— 


Tank Treatment. 


It has been shown in another section of our Report that, given conditions favourable 
to each proecss, there is little difference as regards cost between any of the different forms 
of tank treatment when the cost of the subsequent filtration is taken into account. For 


this reason, the selection of the preliminary process should depend mainly upon local 
circumstances and upon the facilities offered for the disposal of sludge. 


If the circumstances were such that considerable quantities of sludge could be easily 
and effectively disposed of, say, as wet sludge by sending to cea or by trenching in soil, 
or as pressed cake by sale or gift to farmers, it would probably be best and cheapest to 
adopt a preliminary process which removed as much of the suspended matter as possible 
from the sewage. If, on the other hand, it were imperative to have as little sludge and 
as few sludging operations as possible, then septic tanks or continuous flow settling tanks 
might be cheaper. The size of the place and the question of smell f are also factors 
of primary importance in the selection of the preliminary process. 





* See section of this Report on Standards, p. 217. 
} See preceding section, “ Nuisance from Smell.” 








Typical Analysis of Sewage from a water- 
closet town with a water supply of 25 to 30 


gallons a head. Separate system of sewers, 








CLASS I. 


Strong or Very Strong Sewage. 


‘Lypical Analysis of Sewage from a slop- 
water town, having few water-closets, where 
the water supply is about 10 to 15 gallons 
a head, and where the sewers are onj the 


partially separate system. 














Ammoniacal nitrogen - - 9-0 Se Oxygen absorbed Sus} ended Ammoniacal nitrogen - - 6-0 
nitrogen. S. solids. 
Oxygen absorbed in 4 hours - 170 cee ENO, be Oxygen absorbed in 4 hours - 25) 
75 20 40 
Suspended solids - - - 40°0 Suspended solids - - - 40°0 
Strength 160 to 170. Strength 175 to 200. Strength 200 to 230. 
Chemical precipitation and quiescent Chemical precipitation and 8 hours’ Quiescent settlement for Continuous flow settlement for Septic tanks, 
settlement for 2 hours. continuous flow settlement. hours. 15 hours. 24 hours’ continuous flow. 
Precipitation Liquor. Precipitation Liquor. Settled Sewage. Settled Sewage. Septic Tank Liquor. 
Ammoniacal nitrogen - - 70 Ammoniacal nitrogen 7:0 to 75 Ammoniacal nitrogen - T0to7 5 Ammoniacal nitrogen - 70 to 7-5 Ammoniacal nitrogen - 8-0 to 85 
Oxygen absorbed in 4 hours 8-0 Oxygen absorbed in 4 hours 9-0 Oxygen absorbed in 4 hours 10-0 Oxygen absorbed in 4 hours 12-0 Oxygen absorbed in 4 hours 130 
Suspended solids - - - 2to 5 Suspended solids - ce 8-0 Suspended solids - - - 10-0 Suspended solids - : - 15 to 20 Suspended solids - - 15-0 to 20:0 
Strength 90. Strength 95 to 100. Strength 100 to 105. Strength 120. Strength 130. 
Effluents. Effiuents. Effluents. Effluents. Effluents. 
Percolatin Percents ; i aoe —% . Percolating A Percolating Percolating q - Percolating Percolating . c solating Percolating 
Double filters of ae filters of fine 4, Good land Double Paco sang filters of Good land eh le filters of coarse filters of fine Fil Good aud littl Triple jilters of coarse filter of fine ,, Good land | Triple alven ee ane filters of fine 
cont material material (Filtration ed little contact store of ener medium (Filtration with little oe material material (a Serie zutle contact material material (Filtration with little contact Saaitarial Sia taxial Good land. 
" d Topping). terial cropping). + di 1 5). E05. : cropping). beds. 
(deep). (shallow). g beds. (deep.) material ping (deep). (deep). (deep). (deep). (deep). (deep). 
‘ (shallow. ) x , 
Rate of filtration per cube 65 galls. 150 galls. 100 galls. 25,000 to 30,000 galls. Rate of filtration per cube 50 galls. 100 galls, 75 galls. 25,000 galls. per acre Rate of filtration per cube 40 galls. 75 galls, 35 galls. 20,000 galls. per acre Rate of filtration per cube 30 galls, 50 galls. 25 galls. 20.000 galls. per acre Rate of filtration per cube 30 galls. 50 galls. 25 galls. = 
yard. ma (23 filings) per a bof a yard per day. (2fillings) (OisMis Eee) Vertpen day: Peder) per ai (4 galls. per yard per day (3 fillings). per day se galls. yard perday (3 fillings) “ie 
=. . yd.). - ya-). per sq. yd.). 
h : iacal nitrog: 3 A 5 = y "75 Considerable danger of 
Ammoniacal nitrogen - —  - 20 2-0 2°0 to 3°0 0°25 Ammoniacal nitrogen - - 20 25 25 “ 0°25 Ammoniacal nitrogen - 10 ort 10 rho 05 0°25 Ammoniacal nitrogen - — - 05 ee 1-0 0°75 es 0-25 ee WR x oe Canisenos se smell. 
Nitric nitrogen -  -- 15 20 30 15 Nitric nitrogen -  -—- 15 20 2°0 to 30... we Nituialaaen 2 3 GRUNER ce 30 “ 40 he Nitric nitrogen - 251030... 35 £0 “ 15 Nitric nitrogen - - - 25t030 ... 35 40 = 
Oxygen absorbed ind hours- 30 30 25 0°3 to 0°5 Oxygen absorbed in4 hours - 30 BU 2 OOO Oxygenabsorbed'in&hours’- 1:5, 3-0 ve 25 0:3"t0{0'5 Oxygen absorbed in 4 hours. - 15 3-0 to 4-0 25 to 3-0 0:3 to 05 Oxygen absorbed in 4 hours - 15 3:0 to 4-0 25 to 30 = 
alse ‘ . f * 7 . . F 4 Z r i . si Suspended solids - - - Trace 6-0tos8O0 tae 50 Possible] traces of Suspended solids - Gh 5 7 si . x : 5 to 7 
ded solids - “ 2 20 4:0 to 50 2-0 to 3-0 Possible traces of Suspended solids 20 6-0 50 Possible traces of uspended solid race. 6 to 10 5 to Possible traces of ‘ ed s = = 3 10 5 t _ 
SEES poms washed ont Raho akan out and more. pro cen eeaed out and more. ‘ growth from drains. Beagrie i sede 7 ia 
rom drains. 4 5 
Variable efflu- Variable effiu- Fine material Fine material Beds would ‘ i 
ents, some- ents, some- Pa eer any) in tertiary ‘choke ou ae art. ers 
one putres- ae putres- Rate ae filtra- beds. face every 2 beds. face every 2 
cible. ti A ears. ears. 
tion sould Wehavehadno Nrolavehedne 
not be doub. experience of i 
led in wet Fey Be RS experience of 
weather, shallow _ fil- shallow _fil- 


ters of fine 
material, 
dealing with 
a strong 
liquor of this 
kind. 


ters of fine 
material, 
dealing with 
a strong 
liquor of this 


kind. 
Nores,—(1) Th mbers given for “strength” of Sewage represent approximately the parts by weight of oxygen reqmred to oxidize 100,000 parts. 
. us Osiven abecrbed in 4 heavae means oxygen absorted in 4 hours at 27° é (80° F.) from an eighth normal solution of permanganate of potash 
“ (3°94 grms. per litre), rendored acid with eet Be acid. 
3) All figures of analysis are sta! in parts per 000, : alee ; 
7 {2 By a “deep 2 filtes we mean one of B to @ feet and upwards in depth; by a shallow filter one which is below 5 feet in depth and usually about 


3 feet. It would probably be inadvisable at the present time to build sewage iilters of a less depth than 2 feet 6 inches, 


(5) At first sight it may seem curious that the same figures of analysis should be given for the land effluents of this Class Tt has, h 
remembered that the mechanical straining effect of Jand is such that all liquors derived from the same sewage Raua Heosale eee 
more or less into line, and, further, that volume of sewage is a more important factor in land treatment than strength. a 
(6) The figures of analysis for effluents refer to the effluents including their suspended solids, 
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This sewage would be derived from a CLASS IL 
water-closet town, where the sewers were on 
the partially separate or the combined ———— 
system, where the water supply was about 30 
gallons per head, and where a moderate Sewage of about Average Strength. 
quantity of subsoil water gained access to . 
the sewers. Ammoniacal Oxygen absorbed Suspended ; 
nitrogen. in 4 hours, solids, 
40 10 to 12 28 to 30 ; 
‘ 
Strength 100. ; ° 
Chemical precipitation and|quiescent Chemical precipitation and 8 hours’ Quiescent settlement for Continuous flow settlement for Septic tanks. 
settlement for 2 hours. continuous flow settlement. 2 hours. 15 hours. 24 hours’ continuous flow. 
Precipitation Liquor. Precipitation Liquor. Settled Sewage. Settled Sewage. Septic Tank Liquor. 
Ammoniacal nitrogen - - 3%5to40 Ammoniacal nitrogen - - 37 to 40 Ammoniacal nitrogen - - 38 Ammoniacal nitrogen - - 38 Ammoniacal nitrogen - - 45 to 50 
Oxygen absorbed in 4 hours 45 Oxygen absorbed in 4 hours 55 Oxygen absorbed in 4 hours 65 Oxygen absorbed in 4 hours 75 Oxygen absorbed in 4 hours 75 
Suspended solids - - - lto4 Suspended solids - - — - 3 to 6 Suspended solids -  - - 58 Suspended solids - - 10 to 15 Suspended solids - — - : 10 to 15 
Strength 50. Strength 60. Strength 70. Strength 80. Strength 80. 
— SSS 
Effiuents. Effluents. Effluents. Effluents. Effiuents. 
3 ——— = — ee 
: Percolating Percolating = Percolatin Percolating Percolating Percolating Percolating - Percolatin . 
Single : : 5 Good land Double Cue NBN ng Good land Double _,, Good land — Double . 3 Percolating Good land Double re S Percolatin, 
contact filters te aia Bliee/ ot Ene (Filtration with little eonitack filters of coarse filters of fe (Filtration with little contact a ads prec Orie (Filtration with little contact Alters ef ene filters of fine (Filtration with little contact filters of coarse gitars of fe 
ee ee trovpin. ESS ae sin) So ee ee cnn Ce spn tein memati 
Rate of filtration per cube 150 alls. as 200 galls. -» 200 galls. ... 30,000 to 40,000 galls. Rate of filtration per cube 80galls. ... 150 galls. . 10010150 ... 30,000 to 40,000 galls. Rate of filtration per cube 980 alls. eae 150 galls. net 200. gelle + 25,000 to So) galls. Rate of filtration per cube 50 galls, ... 100 galls, .. Filters would ... 25,000 to 30,000 galls. Rate of filtration per cube 50galls.  ... 100 galls. .. Filters would .., Dang 
yard per day. (3 fillings) Dee ace per ed e yard per day. (3}fillings) gulls. per sere per day ae yard per day. (3 fillings) per cube yd. Bea Llp oct ee yard per day. (2 fillings) os ee a per day ( ihe yard per day. (2 fillings) clog unless 
0 8 galls. per sq. yd.). fi galls, per sq. yd. 5 : rate o: Ta galls, per sq. yd. rate of filtra- 
tion were i 
Ammoniacal nitrogen - - 2-0 nth 10 se 15 as 05 Ammoniaca} nitrogen - 2 10 s 0-75 va 0-5 ae 0-5 Ammoniacal nitrogen - — - 10 a 05 ras 0-75 con 05 Ammoniacal nitrogen ~~ 05 Pa 0-75 very nae a Ob Ammoniacal nitrogen - = 05 =e 0-75 rer — alone 
sal 0 
Nitric nitrogen -  - 05 re. 2-0 he 2-5 rs 05 Nitric nitrogen = - 15 A 2-0 25030 ... 0°5 Nitric nitrogen - - - 15 a 2°5 cbs 25 eo 0% Nitrie nitrogen -  -- 2-0 Bei 2°5 Fn Aen per ... 05 Nitric nitrogen - ~~ 2-0 *) 2°50 a pete oe xs 
: a : ; F cube yd. ; “cubeyd. 70 am 
Oxygen absorbed in 4 hours - 20 ie 15 ec 15 fees 08 Oxygen absorbed in 4 hours - 15 ee 15 a9 10 ae Os Oxygen absorbed in 4 hours - 1.5 a 15 ree 10 a 0°8 Oxygen absorbed in 4 hours - 1-0 coe 30 ts ie 0-8 Oxygen absorbed in 4 hours - 1-0 oe 3-0 ie = 
Suspended solids - - - 10 re 3-0 oa 20 «. Practically none. Suspended solids -  . : 2:0 ae 3-0 ~e 2-0 ... Practically none. Suspended solids - - - 20 a poy Pees 2-0 .. Practically none. Suspended solids - - - 2-0 eH 6-0 Practically none. Suspended solids - - - 20 Ae 6-0 ae a 
aud mere : and more. and more. and more. and more. ‘ 
Fine material. 
Variable efflu- 
ents, some- 
. times putres- 
cible. > 
Norrs.—(1,) T b iven for “sty h” of epresent approximately the weights of oxygen required te oxidize 100,000 parts. (5.) At first sight it may seem urious that the same figures of analysis should be given for the land effluents in this class. Tt has, however, to be 
es Co i) ee eee Reva fe ato a ee Ha hours A 27 C (80° F) aout a a neneronmall solution of permanganate of potash (3°94 remembered that the mechanical set une effect of land is such that all liquors derived from the same sewage must necessarily be brought more or 
= litre), rendered acid with divtie sulphuric acid e less into line, and, further, that volume o Sewage is a more important factor in land treatment than strength. 
(3.) nies aE Eee Bcaiabatad in parts per 106,000. ; (6.) The figures of analysis for efiluents refer to the effluents including their suspended solids. 


(4.) By a “deep” filver we mean one of 5 to 6 feet anil upwards in depth; by a “shallow” filter, one which is below 5 feet and usually about 3 feet. It 
would probably be inadvisable at the present time to build any sewage filter of less depth than 2 feet 6 inches. 
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3 This sewage would be derived from a CLASS III. 


hey 


water-closet or slop-water town, where the 
sewers were on the combined or partially = 


separate system, where the water supply 























was about 25 to 30 gallons a head, and Weak Sewage. 
where much sub-soil water gained access to 
Ammoniacal Oxygen absorbed Suspended 
the sewers. nitrogen. in 4 hours, solids. 
25 7to8 20 
Strength 60. 
° 
Chemical precipitation and quiescent Chemical precipitation and 8 hours’ Quiescent settlement for Continuous flow settlement for Septic tanks. 
settlement for 2 hours. continuous flow settlement. 2 hours. 15 hours, 24 hours’ continuous flow. 
Precipitation Liquor. Precipitation Liquor. Settled Sewage. Settled ee Septic Tank Liquor. 
Ammoniacal nitrogen - : 20 Ammoniacal nitrogen - - 20 Ammoniacal nitrogen - - 20 Ammoniacal nitrogen - - 2:3 Ammoniacal nitrogen - . 25 
Oxygen absorbed in 4 hours 30 Oxygen absorbed in 4 hours 3*0 to 3°5 Oxygen absorbed in 4 hours 3° Oxygen absorbed in 4 hours 40 Oxygen absorbed in 4 hours 40 
Suspended solids - = - —- 1 to 3 Suspended solids -  - —- 2 to 5 Suspended solids - = - —- 4 to 6 Suspended solids -  - —- 7 to 8 Suspended solids - - — - 7 to 8 
Strength 30, Strength 30 to 35. Strength 40. Strength 45. Strength 45. 
—_—————————————_—_—_ ——————— 
* 
Effiuents. Effiuents. Effiuents. Effiuents. Effuents 
4 P Percolating ; E ; Percolating ; Single Perealating Percolating Goodland Doubl Percolati Percolatiug 
Single Percolating . 5 Good land Single Percolating ee Good land ha 3 ered 5 filters of fine psi ade Mi _ Percolating Good land . P i 
Soutaek filters of coarse “ee a (Filtration with little mastach filters of coarse Eien of ore (Filtration with little sobteet Elvers of goatee aaaterial (Filtration with little spptact filters of coarse or of ne (Filtration with little Dorks elects 3 pela ; Good land ‘ 
beds, material, (shallow). cropping). beds. material. fetailowyt cropping). . . (shallow). cropping), ds, material. (GuMiesS), cropping). ; pet amaterial sr little 
shallow). 
3 G P F ‘ 5 : ¢ lla nee f filtration per cube 150galls. ...  200galls. ... 200 galls, ... 30,000 to 40,000 galls. Rate of filtration per cube 100 galls, ... 150 galls. 150 gali A 7 
Rate of filtration per cube 200galls. .,, 200-300galls, ... 300 galls. . 30,000 to 40,000 galls. Rate of filtration per cube 200 galls. ... 200-300 galls, ... 250-300 gulls. ... 30,000 to 40,000 galls. Rate o} ibe ,U00 g eet galls. 5 50 galis. ... 30,000 gallons per acre Rate of 
Font day. (4 fillings) : - per acre per day (6 to yard per day. (4 fillings) per acre per day (6 to yard per day. (3 fillings) pebece bes day (6 to yard per day, (4 fillings) per day (6 galls. per Ran ccessy ae per cube art ie: nies 150 galls... 150 galls. ... 30,000 gallons per acre 
8 galls, per sq. yd.). 8 galls. per sq. yd.). galls. per sq. yd.). sq. yd.), ca > ae ae y (6 galls. per 
sq. yd.). : 
Ammoniacal nitrogen - - 0°75 .. 0°50 PG) as 2 Ammoniacal nitrogen - 075... 050. 0s 02 Ammonisenl nitrogen -  - OH... ne) co Eo Oe Anmonlacsl nltogen | ae aac: oe Sa a Oi Ammoniaeal nitrogen - - 05 05 0-25 
opt et i i , 4 : Tttosatt 4 ; be "0 - "25 oe o2 
Nitrienitrogen - - - O5to075 ... 1°0 Te 10 es 05 to 10 Nitric nitrogen + - 05 t0075 ... 1-0 cra 10 i 0°5 to 1:0 Nitric nitrogen - = - 0°75 vas 10 ace 15 rch 05 to 1:0 Nitric nitrogen - -~ - 1-0 tee 10 ceri 15 ee 0°5 to 1-0 Nitric nitrogen - 1-0 10 q 
; 4 A ' 5 * 5 F a =e 3 ooo 4 on 15 a 0°5 to 1:0 
Oxygen absorbed in 4 hours 5 0-75 a 1-0 = 0-75 if 0-4 Oxygen absorbed in 4 hours - 0-75 7 10 0-75 - 0-4 Oxygen absorbed in 4 hours - 10 fo 10 a 05 on O-4 Oxygen absorbed in 4 hours - 10 = LOtolS 4... 05 Sit 0-4 Oxygen absorbed in 4 oars ae iene 
. 4 , fi z : _ oy ‘U to 1: 0-50 5 4 
: 24 F q . AH R oy , , Suspended solids- - - 1.0 ats 3-0 to 4:0 Ph 15 None. Suspended solids - : - lto2 oH 4-0 to 5-0 20 . 
ed solids - - - 10 man 20to30 ... 1-0 re None. Suspended Solids - - - 10 ft 2-0 to 3-0 Pas 10 crt None. we None. Ss , a e oF 
Suspended solids Ss eh RAE uspended solids = - 10 t0 2-0 4:0 to 5°0 a 20 of Now 
times. times. 
. : af é Fine material. 3 fillings for Pri- 
¥ terial. Fine material. Bs E : 
=s begeera = TREESaESeaR mary Bedi: 5 3 fillings for Pri- 
filtration filtration Seeoudawe fill, beds; 5 
could not be could not be Gedo niRa etiee pllinigs! fox : 
doubled in doubled in fltrationtcontd Secondary 
times of times of : not be doubled eet 
storm. Vari- storm. Vari- ; * t Sue filtration could 
able effluent. able effluent. in wet weather. not Lee canted 
in wet weather. 
ES. — oi “strength” 7 repres' -oximately the parts by weights of oxygen required to oxidize 100,000 parts. (5.) At first sight it may seem curious that the same figures of analysis should be given for the land effluents in this class, 
he (2) @ Oia alactied ted hoes Moses Ona austen ona a7 C (80°F) Hee an eighth-normal solution of permanganate of potash (3°94 rememtered that the mechanical straining effect of Jand is such that all liquors derived from the same sewage eet eee pada gobe 


. or less into line, and, further, that volume of sewage is a more important factor in land treatment than strength. 


grms. per litre), rendered acid with dilute sulphuric acid. (6.) The figures of analysis for effluents refer to the eftluents including their suspended solids. 


3.) All fi is ar ted i rts 100,000. caee G 
i) By a deer 3 Wie Genee ace 6 aa paler in depth; by a “shallow ” filter one which is below 5 feet in depth and usually about 3 feet. 


It would probably be inadvisable at the present time to build any sewage filter of a less depth than 2 feet 6 inches. 
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Filters: 


Single contact bells will, generally, only yield a good effluent where the sewage to 
be purified is weak, and then only after good preliminary treatment. For the purification 
of partially settled weak sewage and for well as also for partially settled sewage of average 
strength, if the case’ is one in which a-good effluent is required, double contact is necessary, 
while, if a strong sewage has to be purified, triple contact is necessary unless ‘the 
preliminary treatment 1s exceptionally good. 


In nearly every case a greater rate of filtration can be adopted if the material is 
arranged in the form of a percolating filter than if it is used in contact beds. The’ rate 
of filtration per cube yard in the case of percolating filters may, generally, be double or 
nearly double that which is permissible in the case of contact beds. 


As regards percolating filters, where the liquor to be treated is weak,-and the pre- 
liminary treatment has effectively removed the greater part of the suspended matter, 


it is probably best, in most cases, to use fine material arranged.in the form of shallow 
filters. 


Where the sewage to be treated is strong, and especially if the preliminary treatment 
leaves a considerable quantity of suspended matter in the tank liquor,.it is best to use deep 
_ filters of coarse material. 


Where the liquor to be treated contains much suspended matter, it is usually advisable 
to construct percolating filters of coarse material, whatever the strength of the original sewage. 


For sewages.of about average strength, from which most of the suspended matter 
has been removed in. the preliminary. treatment, either coarse. or-fine material may be used. 


It may be added that, with very well clarified weak sewage, filters with a top layer 
of very fine material, such as sand, can be made to give good results with a rate of filtration 
of 400 or even 500 gallons per. cube yard per day. In this case, however, the materi. | 

must be washed (e we .g., by upward flow of tank liquor) at short intervals of, say, a week. 





284. The three appended tables have been prepared to show the kind of results which. 
may. be expected by treatment;:1n various ways, of strong, medium, and weak sewages.. 
The figures, in.the majority of cases, are averages: from a fair number of samples, and. 
where they are. not based on actual observations, sthey“have been arrived at from peaoral. 
experience. 


It has been assumed that the sewage does not contain trade waste or any other sub- 
stance in sufficient quantity to inhibit the action of the micro-organisms, that the works 
are efficiently managed, and that the filtering material used in the filters has a rough and 
vesicular surface. 


The rates of treatment per cube yard of filter, or per acre of land, which are given are: 
for the dry weather flow, but except in the cases noted on the tables, ‘they are rates which — 
can be doubled during storm times. 


_ The actual size of plant, or area of land, which would be required in any case would. 
depend on the extra amount of sewage which, in the particular case, had to be treated. 
on land or on filters in wet weather. 


As we shall subsequently explain,* we think that. local conditions should oe 
what this extra amount should be. 


The question of comparative cost of land treatment and artificial treatment has been 
dealt with in an earlier section of this Report, and also considerations arising out of the 
risk of nuisance from the different methods of treatment. 





* See pp. 209 and 210, 
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TREATMENT OF STORM-WATER SEWAGE. 





285. The proportion of rain-water from a drainage area which reaches the sewers 
and is conveyed to the outfall depends very largely on local circumstances, and conse- 
quently differs at different places. 


Where, for example, the greater part of the drainage area consists of roofs and 
paved roads, the proportion of rain flowing off by the sewers will be greater than 
where the area chiefly consists of a more or less pervious soil. 


Further, the amount of rain reaching the outfall will depend, to some extent, on 
whether the district is flat or hilly, the gradient of the main and tributory sewers, 
and what storm overflows are provided. 


The system of sewerage will also make a considerable difference to the volume of 
liquid arriving at the outfall. Where a completely separate system of sewers for surface 
water exists, there will be only a small increase in volume due to rain ; with the partially 
separate system, there will be a considerable increase ; and with the combined system, 
a still greater increase. / 


286. At Hampton, which is provided with a separate system of sewers for surface 
water, we estimated the dry weather flow during the years 1902 and 1903 to be approxi- 
mately 150,000 gallons per day, and the actual daily flow in all weathers to be about 
165,000 gallons on the average—an increase due to rain of 10 per cent. only. 


At Horfield, where the drainage area is sewered upon the partially separate 
system, but where there are no storm-overflows, gaugings over four months (April, 
May, June and July, 1905) showed the average daily flow to be approximately 
62,350 gallons. As the dry weather flow was approximately 38,000 gallons 
per day, this represented an increase of 64 per cent. on the dry weather flow. 


At Little Drayton, where the sewerage is on the combined system, and where 
there are two storm-overflows, one of which was temporarily dammed for the 
purposes of our observations, gaugings over three months (January, February 
and March, 1905) showed that the average daily flow was 15,350 gallons, or 
about 30 per cent. above the dry weather flow of 12,000 gallons. 


At Rhyl, where the sewerage of the area is upon the combined system, 
and where there were no storm-overflows, gaugings made by Mr. Baldwin Latham 
for two entire years (1900-1901) gave the following figures. (Report* by Mr. 
Baldwin Latham to the Commission, June 29th, 1903, pp. 3 and 17) :— 


Bee Rainfall 
of days Dry weather Aw int Ai 
Rainfall, | 02 Which | Total flow | sewage flow, Water (ie at: Rainfall and 
* | 0-Olinch | in sewers. including supply. isl “ | subsoil water. 
or more subsoil water. tik 
rain fell. wer 
Gallons. Gallons. Gallons. Gallons. Gallons. 
168 165,683,520 | 123,281,534 | 91,438,652 42,401,986 74,244,868 
139 159,161,870 | 121,825,485 | 97,385,727 37,336,385 61,776,145 

















_ * Appendix V. - 
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The increase of volume in this case, therefore, amounted to an average of 
32°5 per cent. on the dry weather flow over the two years. 


In his report, Mr. ‘Baldwin Latham gives the following figures for Deal, 
which was also sewered on the combined system and had no storm-overflows : 





September, 1901, to February, 1903, inclusive. 














Number of 
days on 
Rainfall which Total flow in Dry weather Rainfall Water supply 
oe 0-01 inch sewers. flow. flowing off. to district. 
or more 
rain fell. 
Inches. Gallons. Gallons. Gallons. Gallons. 
33°525 250 183,996,063 152,883,153 31,1125910 136,059,22 











In this case, therefore, the increase was 20°35 per cent. on the dry weather 
flow. : 


At Rochdale, which is sewered upon the combined system, where the 
greater part of the area is paved or roofed, but where some thirteen storm- 
overflows exist, Mr. 8S. 8. Platt, the Borough Surveyor, by gaugings extending 
over the year 1904, showed that the increase was roughly 52 per cent. of the 
mean dry weather flow. 


At Oswestry, where the combined system is in use, but where the main storm- 
overflow is set rather low, Mr. G. W. Lacey, the Borough Surveyor, has found 
the increase to be about 21 per cent. of the mean dry weather flow. In this case 
a large quantity of subsoil water gains access to the sewers. 


At Chorley, where the combined system is in use, where the main storm- 
overflow is set at about three times the mean dry weather flow, and where 
there are two local storm-overflows, the increase is about 45 per cent. In this 
case a small stream finds its way into the sewers. 


In his report already mentioned, Mr. Baldwin Latham gives gaugings of the sew- 
age flow at Croydon for the years 1880 to 1886 inclusive. The figures are summarised 
in Table 14, p. 28 of the report. From these figures, it will be seen that the increase 
of flow at that town due to rainfall was only 11:6 per cent. on the dry weather flow in 
the sewer, as calculated from the water supply. But it should be specially noted that 
in this case subsoil water is present in the sewers in the proportion of about 1-5 volumes 
to 1 of sewage, the consequence being that all variations of flow in the sewers are con- 
siderably levelled down. 


Croydon is sewered upon the partially separate system, and there are no storm- 
overflows on the system. 


287. While it is obvious from these few examples that the circumstances of 
different places vary considerably, the data available in regard to the effect of storms 
on the flow of sewage are exceedingly scanty. 


In some few places records have been kept for a considerable period of the variation 
in flow in the outfall sewer and of the volume of sewage treated, but, so far as we are 
aware, there is little or no information available showing the volumes of liquid which have 
passed over storm overflows during the same period. It is, however, in some cases enough 
to do considerable damage to the river. 


6225—I. . 2 BD 
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In the present state of knowledge, we consider that any regulations in regard to 
the amount of storm sewage to be treated and the method of treatment should be 
of a tentative character, and that, as regards storm overflows, each place must, to a 
great extent, be dealt with according to local circumst.uces. The general principle 
which should be followed is, we consider, that each local authority should so arrange 
its sewerage system as to prevent unpurified sewage from passing into the river or 
stream to an extent likely to cause nuisance. 


288. As regards the effect of storms on the character of the sewage, the evidence 
which we have received, and also our own observations, show that, for the first hour 
or more, the effect of a storm is to increase the amount of organic matter in solution 
in the sewage as it arrives at the works, and also very largely to increase the 
suspended solids. 


In our experience, the first flush of storm water contains a very large quantity 
of suspended matter washed out of the sewers, and is organically very impure. This 
flush, moreover, usually occurs at the time when the rainfall flowing off the area 
causes the maximum flow in the sewer, the consequence being that an ordinary storm- 
overflow on the sewers often has the effect of diverting to a water-course the worst 
part of the storm-water, while allowing the less foul storm sewage which arrives 
later to pass to the tanks or filters. 


289. As a general rule, the difficulty of dealing with storm-water lies, not 
so much in the actual quantity flowing off an area as the result of rain, as 
in the rate at which it flows off. This is, of course, much more marked at some 
places than at others, the flow-off of rain-water being much more rapid when the 
greater part of the drainage area is more or less impervious, where the district is 
hilly, or where the sewers are laid upon a steep gradient. For instance :— 


At Calverley—population 2,300—where the district is hilly, the main sewer 
steep, the sewerage system combined, and with rock immediately underlying the 
soil, as the result of a rainfall of 0°46” falling in five showers on June 9th, 1902, the 
flow of sewage showed five sudden rises bringing the rates of flow up to 13, 32, 
26, 29 and 30 times the mean dry weather flow. The total flow of sewage for 
the day, however, was only increased from the mean dry weather flow of 12,000 
gallons to 43,700 gallons, or 3°64 times. 


If a storm overflow had been set at Calverley to come into operation when 
‘the rate of flow was six times the mean dry weather flow, a large quantity of storm- 
vater would have been discharged, untreated, on this day; whereas if a reserve 
empty tank, with a holding capacity of about 12,000 gallons, had been provided, 
and the overflow had been from this tank, the whole of the sewage and storm-water 
would have been treated; the beds receiving 3°64 times the normal quantity of 
sewage, 7 


This is not an unusual occurrence at Calverley, and it has, moreover, been 
often observed there and at other places that the storm sewage is usually most foul 
when the storm flow is at its maximum rate. 


On the other hand, if the district is flat, and especially if there is much leakage 
of subsoil water into the sewers, the flow of sewage will increase less rapidly as the 
result of rain, but continue swollen for some hours, or possibly some days. Halton, 
Oswestry, and Newton-le-Willows may be cited as illustrations. 
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290. In our opinion, the difficulties of dealing with the increase in flow, due to storms, 
can best be met by the provision of stand-by tanks to receive the storm sewage in excess 
of that which can be passed through the ordinary tanks. The main overflow at the works 
should be from the stand-by tanks, and not from the outfall sewer, so that no sewage 
may escape without some settlement. 


The stand-by tanks should, of course, be kept empty as far as possible, so as to be 
at once available when a storm comes on. 


We have not sufficient experience to enable us to suggest by what rules the capacity 
of the stand-by tanks should be determined, but we should think that tanks capable 
of holding a tquarter (six hours’ flow) of the mean daily dry weather flow would usually 
be sufficient. 


Local circumstances would, however, have to be considered in settling the ty 
required for any particular place. — 


291. As illustrating the effect of stand-by tanks of the capacity suggested, we may 
give some figures taken from the ae of Mr. Baldwin Latham, to which we have already 
referred, : 


At Friern Barnet sewage works, during nineteen wet days (average rainfall at the 
Sewage works, 0°281” per day), in August, September and October, 1887, instead of a 
total dry weather flow of sewa ge of 232,009 cubic feet, 515,793 cubic feet were found to 
arrive, 283,784 cubic feet being therefore due to rain. Of the total (515,793 cubic feet),. 
125,679 cubic feet, or 24°37 per cent., arrived at a rate in excess of three times the mean. 
dry weather flow ; 89,558 cubic feet, or 17°36 per cent., in excess of four times the mean 
dry weather flow; 67,412 cubic feet, or 13°07 per cent., in excess of five times the mean 
dry weather flow, and 50,015 cubic feet, or 9°7 per cent., in excess of six times the mean. 
dry weather flow. 


Assuming that all sewage up to three times the mean dry weather flow had beer 
taken through the ordinary precipitation tanks, and that all flows in excess of this were 
directed into stand-by tanks of capacity 3,050 cubic feet (the dry weather flow at Friern 
Barnet was 12,211 cubic feet per day), then, out of a total of 515,793 cubic feet, 390,114 
cubic feet (75°6 per cent.) would have been filtered in the ordinary way, and 125,679 
cubic feet, or 24°37 per cent., would have received, before discharge into the water-course,. 
the settlement shown in the following table :— 





vos Se 








+ Stand-by ing Vo are, we elise giving dhol Med at ane, Lancashire, and also at Chorley. We 
understand the stand-by capacity at Colne is equal to about one-half the daily ‘dry weather flow, and at 
Chorley to about one-third of the dry weather flow. 
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Number of hours| Volume of 
the flow exceeded | sewage in 
Date. pao ere ae, ate Settlement given in stand-by tanks. 
(which was 12,211] mean dry 
cubic feet per day).| weather flow. 
1887. - - - Cubic feet. 
Ang. 16 - - - 5 hours 9,588 1 to6 hours’ continuous flow settlement 
after filling. 
aL ee . 4 1 hour 634 Quiescent settlement. 
sag 5 Se : . 1 hour 118 Quiescent settlement. 
ee ck ae - - 3 hours 3,485 Mostly quiescent settlement. 
Lo - 2 hours 1,243 Quiescent settlement. 
oy ee aes - - 1 hour — 1,492 Quiescent settlement. 
0) a - - 10 hours 16,620 ~| 1 to 6 hours’ continuous flow settlement. 
Puech | ieag= - - 8 hours 32,554 1 to 6 hours’ continuous flow settlement. 
Sept. “1. .- . - 12 hours 11,909 1 to 6 hours’ continuous flow settlement. 
(, edi ite - - | 3 hours 1,150 Quiescent settlement. 
PT - - 6 hours 4,583 Ouiesiont settlement 
. 4 - - . 1 hour 118 Quiescent settlement. 
cr 46 1 -s5 - - 3 hours 6,341 1 to 6 hours’ continuous flow settlement. 
ae lap: - . 9 hours 5,238 1 to 6 hours’ continuous flow settlement. 
eee ke : - 4 hours 5,246 1 to 6 hours’ continuous flow settlement. 
beadi @ te ae - 9 hours 17,431 1 to 6 hours’ continuous flow settlement 
3 26 > - 3 hours 2,246 Quiescent settlement. 
ae ate we . - 3 hours re Wily) Quiescent settlement. 
Oct. 10° - - - 5 hours 4,506 1 to 6 hours’ continuous flow settlement. 














The results obtained by Mr. Baldwin Latham at Croydon throughout the years 1880 
to 1886 show that in a total number of 139 days upon which heavy rain fell (average rainfall 
per day 0°488”), out of a total of 73,768,896 cubic feet of sewage and rain-water flowing 
in the sewer, 12,201,773 cubic feet (or 16°2 per cent.) arrived at a rate in excess of three 
times the mean dry weather flow. 


Taking the dry weather flow at Croydon to be 321,000 cubic feet, stand-by tanks 
of the capacity suggested would, in this case, have held 80,000 cubic feet, and, if the whole 
of the sewage and storm-water up to three times the dry weather flow had been passed 
through the ordinary tanks and plant, then 16°2 per cent. (12,201,773 cubic feet) of the 
total flow would have been sent into the stand-by tanks. Of the 139 wet days during 
the period stated, the total flow in excess of three times the dry weather flow only exceeded 
80,000 cubic feet, or the assumed capacity of the stand-by tanks, on fifty-two days. In 
this case, of the total flow of 12,201,773 cubic feet, in excess of three times the dry 
weather flow, 7,696,935 cubic feet would have received quiescent settlement in the 
stand-by tanks and 4,504,838 cubic feet from one to six hours’ continuous flow settle- 
ment, before discharge into the water course. 


Mr. Latham’s gaugings of the South Norwood sewage flow show that on fourteen 
wet days between January 13th and August llth, 1866 (average rainfall per day 0°35”), 
out of a total flow of sewage and storm-water of 1,617,594 cubic feet, of which not less 
than 1,268,217 cubic feet were due to rain, 881,453 cubic feet (or 54°49 per cent.) arrived 
at a rate in excess of three times the dry weather flow. 
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In this case, the provision of stand-by tanks of the capacity suggested (six hours’ 
flow) would have given quiescent settlement to 59,083 cubic feet out of the total flow 
of 881,453 cubic feet in excess of three times the dry weather flow, and one to six hours’ 
continuous flow settlement to 822,370 cubic feet before discharge into the water-course. 


It is to be observed from Mr. Baldwin Latham’s report “that there were no 
storm-overflows in connection with the South Norwood sewers at the time the gaug- 
ings were made, and that, the district being of a more or less impermeable character, 
the volume of rain entering the sewers is very considerable, having regard to the 
extent of the district and the population draining to the sewers.” 


We are oreatly indebted to Mr. Baldwin Latham for the Report which he kindly 
made to us on the subject of the increase in the flow of sewers caused by storms. This 
Report is published in Appendix V. 


Storm Water Filters. 


292. Speaking generally, we are not in favour of special storm-water filters, for 
although, if well constructed and scientifically managed (e.g., as at Manchester), they can 
be made to give good results, our experience has led us to the conclusion that—as generally 
constructed and used—they do not effect a purification in proportion to their cost. 


If storm-water filters are not regularly used, their oxidising efficiency may, in 
times of dry weather, become impaired. If, therefore, they are to be used in dry 
weather, in order that they may be kept mature, it appears to us that they should be as 
well and as carefully constructed as the ordinary filters. It seems also false economy to 
have some part of the filtering area out of use for any length of time when the additional 
area, if used, would be of advantage in giving regular periods of rest to sections of the 
normal filtering area. 


eA Amount to be filtered. 


293. We think it may be taken that it is practicable to filter three times the mean 
dry weather flow, and while there are few or no data to show that this is the right 
amount for which filtration is required, we doubt whether, as a general rule, the 
filtration of any larger amount will be found to be necessary to prevent nuisance. 


Assuming, that three times the dry weather flow had to be filtered, we consider 
that it would only be necessary to provide at a works 14 times the area of filter which 
would be necessary if only the dry weather flow had to be treated ; this area would, in 
our opinion, allow of the filtration of three times the mean dry weather flow, as the 
filters can be worked at an increased rate during storms. 


RECOMMENDATION. 


(a) Overflows on Branch Sewers. — 


294. It is probably impracticable to dispense altogether with storm overflows on 
branch sewers, but in our opinion these should be used sparingly, and should usually be 
set so as not to come into operation until the flow in the branch sewer is several times 
the maximum normal dry weather flow in the sewer. 


No general rule can be laid down as to the increase in flow which should occur in the 
branch sewers before sewage is allowed to pass away by the overflow untreated. The 
Rivers Board, or in districts where there is no Rivers Board, the County Council, should 
have power to require the local authority to alter any storm overflows which, in their 
opinion, permit of an excessive amount of unpurified sewage to flow over them. The 
local authority should have the right to appeal to the Central Authority in any case in 
which they consider that the requirement of the Rivers Board is unreasonable or im- 
practicable of fulfilment. 


The general principle should be to prevent such an amount of unpurified sewage 
from passing over the overflow as would cause nuisance. 
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(b) Treatment of Storm Water Sewage at the Works. 


295. The usual requirements of the Local Government Board in regard to the treat- 
ment of storm sewage are that any increase in flow up to three times the normal dry 
weather rate should be fully dealt with by the ordinary complete plant, and that a 
certain number of additional dilutions—up to a total of six—should be treated on 
special storm filters. These requirements should, we think, be modified : they are, 
in our opinion, not sufficiently elastic ; and, moreover, experience has shown that special 
storm filters, which are kept as stand-by filters, are not efficient. We find that the 
injury done to rivers by the discharge into them of large volumes of storm sewage 
chiefly arises from the excessive amount of suspended solids which such sewage contains, 
and that these solids can be very rapidly removed by settlement. We therefore recom- 


mend, as a general rule— 


(1) That special stand-by tanks (two or more), should be provided at the works 
and kept empty for the purpose of receiving the excess of storm water which 
cannot properly be passed through the ordinary tanks. As regards the amount 
which may be properly passed through the ordinary tanks, our experience shows 
that in storm times the rate of flow through these tanks may usually be increased 
up to about three times the normal dry weather rate without serious disadvan- 
tage ; 


(2) That any overflow at the works should only be made from these special tanks, 
and that this overflow should be arranged so that it will not come into 
operation until the tanks are full; 


(3) That no special storm filters should be provided, but that the ordinary filters 
should be enlarged to the extent necessary to provide for the filtration of the 
whole of the sewage, which, according to the circumstances of the particular 
place, requires treatment by filters. 


(4) As regards the overflow from the outfall sewer to the stand-by tanks, the size 
of the stand-by tanks, the amount of storm sewage which should be filtered, 
and the arrangements generally for dealing with storm sewage at the outfall 
works, the Rivers Board, or the County Council in areas in which no_ Rivers 
Boards have been established, should have similar power to that which we 
have proposed. in regard to overflows on branch sewers, and the Local Authority 
should have a similar right of appeal to the Central Authority, | 


SEPARATE AND COMBINED SYSTEMS OF SEWERS. 


296. Inrecent years there has been a tendency to favour the adoption of separate 
sewers to carry what is called surface water, and some local authorities have obtained, 
by means of local acts, special powers enabling them to call upon frontagers in private 
streets to lay down two sewers instead of one. 


In the Public Health Bill of last session (1907) a clause, dealing with this 
subject, was originally included, but it was omitted: Cie the passage of the 
Bill through Parliament. 


In our opinion the cases in which the provision of a separate system can 
properly be justified are rare, and it appears to us that the relative merits of the 
separate and combined systems have not always been sufficiently considered. 


It is obvious that the provision of two systems of sewers and two sets of house 
drains would very largely increase the initial outlay on drainage works, the exact 
amount of the i increase depending on local circumstances. 


It seems generally to have been assumed by advocates of the separate system 
that the liquid brought down by surface water sewers is sufficiently pure to need no 
purification, and further, that by excluding this water from the ordinary sewers a 
much smaller area of land or filters, as the case may be, will suffice for the purifica- 
tion of the sewage. 


Neither of these assumptions is altogether justified. 


297. Asregards the quality of the liquids which are discharged from sur rc 
sewers, we may refer to the following analyses which \ we have made : — nN 
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CHEMICAL ANALYSES. 





No. of Sample. 





ree Nitrogen 
Albuminoid Nitrogen - 
Total Organic Nitrogen 
Nitrous Nitrogen - 
Nitric Nitrogen - - 


Oxygen absorbed at 


Once = = c 


Oxygen absorbed in 4 
hours - - - 


Incubator test - . 


Suspended solids by 
Centrifuge (vols.)  - 























RuGBy, ALDERSHOT CAMP. SourH Norwoop. 

231 311 314 174 179 182 187A 
Street Street Street Street Surface Street Street 
washings | washings | washings. water. street washings | water after 
taken from from water. after 0:04" rain. 

a surface surface running 2 
water drain.| ditch. hours. 
Street very 
clean from Incubated | Incubated 
heavy before before 
showers. analysis. | analysis. 
Monday, | Tuesday, |Wednesday| Wednesday] Wednesday| Wednesday| Saturday, 
March 4th, |} July 2nd, | July 3rd, | November | November | November | December 
1901,° | 1901, 1901, | 14th, 1900,| 21st, 1900, | 28th, 1900,| Ist, 1900, 
10am. | 12.45 noon.| 11.45 a.m.| 2.15 p.m. | 1.0 p.m. | 12.45 noon.) 11.15 a.m. 

0-09 0:49 1:70 0-19 1:25 0:47 0°52 

0:10 0-49 0°34 0:06 0-14 0°42 0-08 | 

0:23 1:05 0-64 — _ 0°65 — 

0-01 trace. 0-0 ; trace. 

0:24 — | 0-10 

0:05 0-12 0-02 0:42 

0-66 2°76 0-81 0°39 at 2°76 0:23 

1:83 8:93 3°46 — oo 9-79 o— 

Sweet. Black Black | No smell. | Putrid Strongly | Clean. 
Sulphides. | Sulphides. black putrid. 
Sulphides. 

91:0 Too gritty. 65 -- — — _ 
Not much | Turbid and|Turbidand | Liquid | No smell. Very Dark 
trafficon |brown, but| brown. |hadaslight turbid. coloured 

this street. | the liquid | Consider- | brown Filtered | flocculent 
The sample | had only a able tinge. liquid sediment. 
was brown| slight | suspended | Much sand. brown but 
and turbid, |browntinge| matter | Very pure fairly clear. 
withalarge| when with grit | (chemi- Much grit. 
amount of | filtered. | at bottom | cally). No smell. 
gritty | Much sand| of bottle. 
sediment. | and also | Very slight 
brownish putrid 
suspended | smell. 
matter. 


Clean smell. 











Description of 


Sample. 
96a. Ruepy. Street 
water from separate 
system. 


June 20/00.* 
231. Ruasy. Street 
“ Washings.” - 

March 4/01.§ 





311. ALDERSHOT CAMP. 


Street ‘ Washings.” 
July 2/01. 


314, ALDERSHOT Camp. 


Street “ Washings.” 
July 3/01. 


174. S. NoRwoop. 
Brook (represents 
street ‘‘ Washings ”). 
14/11/00. 


179. S. Norwoop. 
‘Surface water from 
streets. 

21/11/00. 


182. S. Norwoop. 
Street water after 
running 2 hours. 
28/11/00. 


188B. S. Norwoop. 
Street ‘“ Washings” 
after running 4 hours. 
1/12/00. 


* Two guinea-pigs (a and b) were subcutaneously inoculated with 1 e.c. 
96* (street washings). Both showed a strong local reaction ; (a) guinea-p 
suffered from ulceration of the abdominal wall and died on the fourth day. 


+ Two guinea-pigs (a, b) were subcutaneously inoculated with 1 c.c. (a) and 2 
(a) guinea-pig developed a big swelling at the site of the inoculation, 
(b) guinea-pig died on the second day. 


§ A guinea-pig was subcutaneously inoculated with 4 c.c 
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BACTERIOLOGICAL ANALYSES. 














Total number of Bacteria 
per ¢.c. 
Number of B. Coli (or 
closely allied forms per c.c.). 
Gelatine at 
20°C. 


15,900,000 94,000 
+ °01,-°001 cc. “gas” 


in gelatine shake culture. 


930,000 12,400 





Negative result with °1 
ec. “gas” in gelatine 
shake culture. 

+ ‘01, — 001 c.c. Neutral 
red broth test. 

+ 01, — ‘001 cc. Litmus 
milk test. 


7,500,000 640,000 | + :0001, — 00001 c.c. Neu- 
tral red brotk test. 

+ ‘001, — :0001 c.c. Litmus 
milk test. 

+ ‘001, — 0001 c.c. “gas” 


in gelatine shake cultures. 









+ ‘00001 c.c. Neutral red 
broth test. 

+ 0001, — ‘00001 c.c. Lit- 
mus milk test. 

+ ‘001, — 0001 c.c. “gas” 
in gelatine shake cultures. 


22,800,000 900,000 


1,470,000 At least 10 (Indol + :1 
Ge. Js 
+1, — ‘01 cc. “gas” in 
gelatine shake cultures. 





3,840,000 293 000 | 10,000 not 100,000 
‘(Indol + 00001 c.c.). 
+ ‘01 c.c. “gas” in gela- 


_ tine shake cultures, 


13,700,000 154,000 | 10,000 
(Indol + -0001 c.c.). 
9,900,000 380,000 | 1,000 


+ ‘I, — Olec. “gas” in 
gelatine shake cultures. 








1,000 (Indol + -001 c.c.)| + °01, — *001 cc. 





} 





Number of Spores of 


B. Enteritidis sporogenes 


per ¢.c. 





10,000 (Indol + -0001 cc.) | + 1, - ‘Olec. At least 


10 but less than 100. 


At 
least 100 but less than 
1,000. 





+ ‘l, — ‘Ol cc. At least 
10 but less than 100. 


+ ‘01, - ‘001 cc. At 
least 100 but less than 
1,000. 


+ ‘01, — 001 cc. At 
least 100 but less than 
1,000. 


+:1,- Olec. At least 
10 but less than 100. 


+ O01, — 001 ea At 
least 100 but less than 
1,000.. 


(Indol + -001 ec.)| + 01, - 001 ec. At 


least 100 but less than 
1,000. 





the second day, doubtless from the effects of the injection. 
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(a) and 2 c.c. (b) of sample 
ig recovered, but (b) guinea-pig 


c.c. (b) of sample 188? ; 


but eventually recovered completely ; 


. of sample 231 (street washings). It died on 


Lo 
& 


Valentine, 
22407. 
Wilkinson, 
22603. 
Wike, 
25515. 
Reid, 
20730-1. 
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The chemical analyses of these samples may be shortly summarised as follows :— 


No. 231, street “ washings ” taken from a surface-water drain at Rugby on - 
March 4th, 1901, at a time when the street was-very.clean after heavy showers, 
was turbid and brown with a large amount of gritty sediment, but comparatively 
pure as regards organic matter ; it withstood incubation. i 


No. 311, street “washings” from a surface-water ditch at Aldershot, was 
drawn on the 2nd July, 1901, after two days’ heavy rainfall; at the time of 
drawing, the water in this ditch was flowing at about the rate of ten million 
gallons per 24 hours. The above sample was brown and turbid (though it had 
only a slight brown tinge when filtered), and it contained a great deal of sand and 
also brownish suspended matter. The analyses gave the high figure of 0°49 
parts *Albuminoid Nitrogen, 1:05 Total Organic Nitrogen, and 8°93 “Oxygen 
absorbed ” in four hours. Though this had a clean smell when analysed, it 
became black and putrid on incubation. | 


? 


No. 314, street “washings” and roof water from Aldershot Camp, drawn 
July 3rd, 1901, after three days’ rain, was muddy from a considerable quantity 
of suspended solids with grit in addition. Though the aggregate organic matter 
was less than in sample No. 311 (the figures being 0°34 Albuminoid Nitrogen, 
0°64 Total Organic Nitrogen, and 346 “Oxygen absorbed ”), it- was smelling 
slightly when analysed and became black and putrid on incubation. 


No. 174, drawn November 14th, 1900, was a sample of surface water from 
streets and front roofs drawn at South Norwood during sharp showers; the 
‘weather having been showery on the day previous. It contained a good deal 
of sand, but was. comparatively pure as regards organic matter and kept good 
upon incubation. 


No. 179, drawn November 21st, 1900, was another. sample of surface water 
from the South Norwood streets, after moderate showers, the streets having been 
previously washed fairly clean by rain. This did not contain much sediment, 
but, was. organically more impure than the preceding sample; it had no smell 
when received, but became putrid upon incubation. | Ati 


No. 182 was drawn’ on November 28th, 1900, at South Norwood, after ‘fhe 
surface drain had been running for three hours. It was very turbid and brown 
and contained much grit. Organically, it might be classed as a dilute sewage. 


No..187a, South Norwood street. water, drawn December Ist, 1900, after a 
slight rainfall, was comparatively pure as regards organic matter. Though it 
showed a good deal of flocculent sediment, it kept sweet upon incubation, 


Three out of these seven samples were therefore non-putrescible; but the other 
four were undoubtedly polluting liquids. 


Bacteriologically, all the samples may be classed as bad. 


Although the above samples were few in number, they show (1) that even 
when a street. water.is comparatively pure organically, it requires settlement for grit 
(Nos. 174 and 231); and (2) that even after long-continued rain, street surface 
waters may be very impure (Nos. 182, 311 and 314). 


298. The witnesses who have given evidence on this question have agreed that the first 
flush of water from a surface-water system during a storm is of such a foul nature that 
it ought to be purified, if practicable, especially if the system brings water from paved 
open spaces such as markets, squares, etc. 
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Messrs. G. H. Pickles and Raymond Ross gave the following analysis of a typical 
sample of surface water from a: surface- Hater drain at Burnley, taken during the early 
period of a storm :— . . 


Parts per 
100,000. 
Free Ammonia - ie’ A - - - - - - ‘8 
Albuminoid Ammonia , - = “ - - - : 2 
Chlorine - ~ : : s : : : Bor 3. + QO 
Oxygen absorbed — - : - - - - - - ay Oo 
Total solids s - : | hone oS : o) ontat EO eae Abe 
Suspended matter; - 9: -s) sate : - : - - 44:0 


They stated, also, that. this sample contained about 800,000 bacteria per ¢.c. as 
shown by gelatine plate cultivation at 28°C. ) ; fer 


Mr. Bolton, in his evidence relating to Heywood, gives the following coal a a 


sample of road water, taken in the principal streets during the first rushes of storm 21096. 


surface water :- a 


Parts per 
Lusty 3 100,000. 
Ammoniacal,Nitrogen — - Air hA - ~ - - - 1-11 
 Albuminoid Nitrogen 0+ 0. 4 ~ nop = - - “49 
Oxygen absorbed in 3 minutes - - PNG ig Sides br'4a, 
Oxygen absorbed in 4 hours”. - - - - - - =, 4.19°9 
Chlorine. - 4 ragporiit wind ine ris ~ “ - . 8:7 
re Solids 1 in 1 aged ge PSY Pen “SERNO Ramu AeS © AAA EAR 1882 E - - 84 Vole 2808 - 
le = >| non vol. 59 
Solids ¥ in solution " a EQ 5B WGt a PE ah vol, 22 “ 
REN SEE . non vol. 51 
Total solids - - - - - - - - - - 157 


299. Experience also shews that with two sets of drains to each house there is 
danger of the sewage drain being connected with the surface-water sewer, and in 
densely populated areas, slops and other filthy liquids are sahasls ladles into street 
gullies, and pass directly into the surface-water ‘sewer. — 


There can be no doubt, therefore, that the liquid brought down by surface- water 
sewers is frequently of a polluting palere, and that, in many cases, it ici be necessary 
to provide for its treatment. 





300. As to the other assumption, that by keeping surface water out of the sewers 
the area of filters or land necessary for purification may be materially reduced, we 
may refer to the experiments which we carried out at Accrington, in regard to the 
filtration of diluted and undiluted septic tank liquor (see pages 16 and 110 et seq.). 


These experiments shewed that, within ordinary limits of concentration and 
volumes treated, the amount and nature of the organic impurity present mainly 
determine, in practice, the ease or difficulty of purification; in other words, that, 
within limits, mere dilution does not affect the size of the filtering plant which is 
necessary. Of course, if the dilution is so great as to cause water-logging of the filters, 
their purifying power would be seriously diminished, and this statement would not 
hold good. 


‘We may also observe that the flushing of sewers by rain water, which occurs 
with the combined system, is in itself useful, and that there is some evidence to show 
that filters work better when storm sewage, from which the solids have been settled, 
is occasionally passed through them. 
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bo 


24260, 
Fowler. 
29745, 
Watson. 
24955, 
Wilkinson. 
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301. As regards the cases in which the adoption of a separate system for surface 
water may be allowed, we may refer to the evidence of Dr. Fowler, Mr. Watson, and 
Mr. Wilkinson. These gentlemen have had considerable experience, and they 
expressed the view that in large towns the separate system is impracticable, that in 
urban districts a combined system is justified on sanitary and economical grounds, 
and that only in villages, country districts, and suburban areas, where there is little 
traffic and where the surface water will not be very foul, may the separate system 
sometimes be adopted with advantage. | 


With these views we generally concur, and we think it would be unwise to 
confer on all local authorities power to enforce the adoption of the separate system of 
sewerage, and the provision of two sets of drains in every house. | 


In our opinion this power should not be conferred on any local authority 
until the local circumstances have been carefully considered by some independent 
tribunal. 


RECOMMENDATION. 


302. We recommend that in any case in which a local authority wishes to 
adopt the separate system of drainage for the whole or any part of their district, they 
should be required to apply to the Central Authority, and that the Central Authority 
should be empowered to confer on the local authority, by order, such powers as 
may be deemed necessary. | 


As regards the powers which may be necessary, we may observe that the pro- 
visions which are generally contained in local Acts in regard to this matter seem to be 
defective. If separate sewers are provided, the local authority should have a clear 
power to enforce the provision of separate drains, but the local Acts to which our 
attention has been drawn do not modify the powers of the local authority under the 
general law in regard to bye-laws as to the drainage of houses. 


Moreover, the powers of the local authority in this connection should not 
necessarily be limited to new streets and new houses. tere 


As a general rule, the expense of altering existing drains should fall on the local 
authority, and there may be some instances in which it would be equitable that they 
should bear some portion of the additional cost even in the case of drains being con- 
structed for the first time. 


The Central Authority should therefore have power to include in their Order 
such provisions for the allocation of the cost as they consider equitable, having regard 
to the local circumstances. 
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PART VIL—STANDARDS FOR SEWAGE EFFLUENTS. 


303. A number of chemists and others were kind enough to furnish us with their 
views on the question of standards, in response to a circular letter which we issued 
in May, 1903. This letter and the replies are printed in Appendix VII. 


We have also examined several witnesses on this subject, and have ourselves 
made some experimental investigations. 


The harm caused by allowing unpurified, or imperfectly purified, sewage to flow 
into rivers and streams may be placed under one or more of the following headings :— 
The de-aeration of the water of the river, and consequent injury to fish; the putrefac- 
tion of organic matter in the river to such an extent as to cause nuisance ; the produc- 
tion of sewage fungus and other objectionable growths; the deposition of suspended 
matter, and its accumulation in the river bed or behind weirs; the discharge into the 
river of substances, in solution or suspension, which are poisonous to fish or to live stock 
drinking from the stream ; the discoloration of the river; and the discharge into the 
river of micro-organisms of intestinal derivation, some of which are of a kind liable, 
under certain circumstances, to give rise to disease. | 


304. We observe that previous Commissions have reported that, of all the pro- 
cesses which were proposed for the purification of sewage, or of water polluted by 
excrementitious matter, there is not one which is sufficiently effective to warrant the 
use, for dietetic purposes, of water which has been so contaminated, and the 1868 
Commission stated that, in their opinion, “rivers which had received sewage, even if 
that sewage had been purified before its discharge, were not safe sources of potable 
water.” We, therefore, conclude that the framers of the Rivers Pollution Prevention 
Act, 1876, did not contemplate that local authorities should be required so to deal 
with their sewage that the rivers into which the purified sewage flowed might be 


regarded as safe sources of water supply, in cases in which the water was not to be 
filtered before distribution. 


305. In our opinion much the same position must be taken up to-day. Although 
the methods available for the purification of sewage are more numerous than when the 
1868 Gommission reported, our examination of a very large number of effluents from 
sewage farms, and from artificial filters of various kinds, shows that, although such 
effluents may be very good as judged by chemical and physical tests, they are 
generally liable to contain large numbers of micro-organisms of intestinal derivation, 
and that if such organisms are to be destroyed, or eliminated, the effluents must be 
subjected to some treatment additional to that which is ordinarily employed. 


We have carried out some experiments for the purpose of ascertaining the prac- 
ticability of certain of the methods which have been suggested for the removal or 
destruction of these micro-organisms. These experiments, which are described in 
Dr. Houston’s Report, Appendix IV., have shown that, while it would be practic- 


able to render sewage effluents fairly pure, bacteriologically, the cost of the necessary 
additional treatment ,would be serious. 


306. Moreover, a false sense of security would be obtained by the adoption of 


such further treatment unless, at the same time, storm overflows on sewers were 
abolished. 


_In the great majority of towns, sewers are provided with storm overflows, by 
which, in times of storm, large quantities of sewage are discharged into the river or 


stream untreated. Such discharges, we find, are frequently more impure, bacterio- 
logically, than the normal crude sewage. 


In the opinion of some engineering witnesses whom we have called before us, it 
would generally be impracticable to dispense with storm overflows, but assuming, as 
an engineering possibility, that they could generally be dispensed with, it is quite clear 
that the necessary enlargement of the sewers would involve a very large outlay. In 
some towns, if there were no storm overflows, the effect of a storm would be to 
cause the flow in the sewers to be very many times the normal rate for a short period. 
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307. By constructing a separate system of sewers for storm water the effect of 
storms on the other sewers would no doubt be greatly lessened, but if bacterial purity 
‘is to be required in the case of all discharges from sewers, it would be necessary to 
provide a second plant for the treatment of the liquids flowing in the storm water 
sewers, as these liquids are often exceedingly impure. eT: 


The amount of liquid which would be brought down by such separate sewers. 
would vary, according to local conditions, but during the course of a year it would 
probably be at least half as much as the volume carried by the other set of sewers. 


308, In our opinion, the cost of reconstructing the sewers so as to allow of the 
abolition of storm overflows, together with the cost of providing and maintaining 
purification plant which could be relied on at all times to render the total refuse 
waters of a town both chemically and bacteriologically pure, would in most cases 
be practically prohibitive ; and further, even if this additional burden were placed on 
local authorities, the water of rivers would generally still require to be treated before 
it could be safely distributed for drinking purposes. D9. bas; 

309. We are satisfied that rivers generally, those traversing agricultural as well 
as those draining manufacturing or urban areas, are necessarily exposed to other 
pollutions besides sewage, and it appears to us, therefore, that any authority taking 
water from such rivers for the purpose of water supply must be held to be aware of 
the risks to which the water is exposed, and that it should be regarded as part of 
the duty of that authority, systematically and thoroughly, to purify the water before 
distributing it to their customers. a ies | 


310. Apart from the question of drinking waters, we find no evidence to show 
that the mere presence of organisms: of..a noxious character ina river constitutes a 
danger to public health. or: destroys the amenities of the:river... Generally speaking, 
therefore, we do not consider that in the. present state of knowledge, we should be 
justified in recommending that it should. be-the duty of :a local authority to treat its 
sewage so that it should be bacteriologically pure. 3 


311. The evidence adduced before us and the results of our own investigations show 
that. the extent to which the purification of a sewage need be carried in order 
that none of the other injuries mentioned in paragraph 303 shall be done to the river 
into which it is discharged varies with the particular circumstances of the town and 
river concerned. | 


The statute law, however, recognises no graduated standards of purity for sewage 
effluents. | fate : 1 . 


Under the Rivers Pollution Prevention Act, 1876, in the case of sewage entering 
non-tidal waters, the duty is imposed on the local authority of adopting the best. prac- 
tical and available means to render the sewage harmless before it enters the river, and 
no local circumstances may be taken into account. The effluent by itself is alone to 
be considered. | a. 


312. We fully realise that from the point of view of administration it is simpler to 
regard the effluent alone, and also that it has not been usual for County Councils, 
Rivers Boards, or others, to press the provisions of the Act of 1876 unduly. Our terms of 
reference require us, however, to have regard to the “ economical and efficient ” discharge 
of the duties of local authorities, and in view of the importance of not requiring a local 
authority to incur any further expenditure on sewage disposal than the circumstances 
of its area require, we feel strongly that the law should be altered so as to allow local 
circumstances to be taken into account. | 


__. Suspended Solids in Hffluents. 4ey noHtiae 


‘313. One point in regard towhich wethink that strict regulations will usually be found 
necessary is the reduction ofthe suspended ‘solids of an effluent to a low figure, before 
that eftluent is allowed to escape into a watercourse. As is well known, these suspended 
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solids are always—or practically always—putrescible. Indeed, we cannot recall any 
instance in our Own experience in which such solids, when examined apart from the 
liquid portion of the effluent, were non-putrescible. 


Our observations show that the volatile matter of the suspended solids in effluents 

from artificial filtration may be taken, on a rough average, as constituting about two- 

_ thirds of the whole, the remaining one-third being mineral matter. Although it is not 

strictly correct to say that this “volatile” matter is all organic, we think that it may 
be considered so for practical purposes. 


- A description, by Messrs. O’Shaughnessy and Kinnersley, of the suspended solids 
washed out in the effluent from one of the Birmingham percolating filters is to be 
found in the Journal of the Society of Chemical Industry for 1906. They found them 
to consist of a very complex mixture of structureless matter, dead organisms undergoing 
disintegration, zooglea, mineral matter, ete. 


A large number of specific instances: are given, in the *reports on the various . 
sewage works which have been under observation for the Commission, of the rates at 
which such solids take up dissolved oxygen from water. 


The results show that the suspended solids from biological sewage filters, 
_whether contact beds or percolating filters, are in themselves putrescible, and that they 
are capable of taking up oxygen from water comparatively rapidly. So long as such 

solids are kept moving in oxygenated water, or in water containing nitrate in solution, 
they will not give rise to nuisance from smell, but if allowed to accumulate in the 
sluggish reaches of a stream, they will ultimately form black and putrid mud, which 
will draw upon the oxygen in the supernatant water ; if present in very large quantity, 
they will, in those circumstances, give rise to objectionable conditions. 


_ 314, Our own experience, and also the evidence which we have received, leads us 

‘to attach much importance to the prevention of a large amount of suspended solids 

being discharged into most rivers and streams, and our observations show that it is 
quite practicable to produce effluents fairly free from suspended solids. 


The following places, among others, where various systems of treatment are 
followed, may be cited as giving a general effluent containing. at most 3 parts of 
_ suspended matter per 100,000 :-— . 


Birmingham... . Friern Barnet.» - Royton. 
Burnley. . Guildford. e EG Salford. 
Carshalton. — Hampton. ~ Salisbury. ° 
Caterham. | Hendon. ' Staines. 
Chesterfield... _ Heywood. St. Albans. 
Chorley. | Kingston. | Shipley. 
Clifton. Newcastle-under-Lyme, ~ Wednesbury. 
Darwen. Oswestry. Withington. 
Dorking. LPBAN x Prestolee. : Withnell. 
Exeter Radcliffe. , 


As a general rule, we consider that the harm due to suspended solids would not be 
serious, if the effluents contained not more than 3 parts of suspended solids} per 100,000, 
.and it is shown by. experience that this would not be an. unreasonab!e figure to 
demand in the majority of cases. There are, of course, cases where a larger quantity 
of solids might be safely allowed in an effluent, while in some others even 3 parts 
might be too much. > . 


Other Qualities of Effluents. 


315. We shall discuss in the next section of this report various tests for sewage 
effluents, but we may at once state that we doubt whether the figures obtained in the 
laboratory have, in the past, been sufficiently considered in connection with observed con- 
ditions of the stream to justify positive inferences being drawn from such figures as to the 
effect of effluents on streams. 


* See Appendix III + This is equivalent, as a rule, to about 2 parts of organic matter in suspension. 
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In connection with an investigation which we are making in regard to the disposal 
of distillery waste liquids, we have constructed a number of artificial streams. We 
find that effluents which are derived from strong original liquids may often contain 
large amounts of organic matter in solution, and yet not take up dissolved oxygen 
rapidly from water, or cause injury to streams into which they are discharged. If 
these observations had not been made such effluents, judged by the empirical tests in 
common use, might have been regarded as polluting liquids. 


These observations, together with other experiments and the work done by 
others, show that the effect of an effluent on a stream does not generally depend on the 
absolute amount of organic matter contained in it, but rather on the nature and con- 
dition of that organic matter, and that the important thing to ascertain in examining 
an effluent, is the extent to which the original organic matter has undergone 
fermentation. 


We are extending this method of observation to a variety of streams and effluents, 
and in our final report we hope to be able to indicate, by reference to figures obtained 
in the laboratory, a range of standards of varying degrees of stringency. 


RECOMMENDATION. 


316. We recommend that the Central Authority should determine the nature of the 
tests which are to be applied for the purpose of standards, and that it should be made the 
duty of the Rivers Board, or of the County Council, in areas not under the jurisdiction 
of fa Rivers Board, to determine from time to time, subject to appeal to the Central 
Authority, what standards should be adopted. ; 3 


317. In the first instance it would be convenient that the Central Authority should 
prescribe one standard for all non-tidal waters, in place of the existing statutory 
provisions. It would then rest with the Rivers Board or County Council to fix, 
subject to appeal to the Central Authority, a higher or lower standard, in any case in 


which they were of opinion that the circumstances required or justified a different 
standard. , we 


318. We further recommend that no action should be allowed to be brought in res- 
pect of damage alleged to be due to the discharge of an effluent which complies with the 
standard fixed for the water into which it is discharged, but that in such cases 
complaint should be made to the Central Authority, and, if a prima facie case is made 
out, that Authority should ascertain whether the complaint is well founded and should 
be empowered to fix a different standard if the circumstances are shown to require it. 


In cases where it is alleged that the effluent does not comply with the statutory 


standard, and that damage is caused by the discharge of such effluent, action should 
be brought in the ordinary courts. | . 


But any questions arising as to whether the effluent complies with the statutory 
standard or as to whether the damage has been caused by the discharge of the effluent 
in respect of which complaint is made, should be referred by the Court to the Central 
Authority for determination. The costs of such determination should be borne by the 
parties to the action in such proportions as the Court may determine. 


319. Power should be conferred on the Central Authority to suspend from time to 
time the operation of any standard, to allow time for the construction of works, or for 
any other reason which, in their opinion, justified such suspension. 


* 


TESTS FOR SEWAGE EFFLUENTS IN RELATION TO STANDARDS. 


320. The experiments which we have already made show that the mere estimation 
of the amount of organic matter in an effluent does not, by itself, afford a sufficiently reliable 
index as to the effect which that effluent will have on any stream into which it may he 
discharged. 


Effluents which are derived from strong sewages may contain comparatively large 
amounts of organic matters, and yet not take up oxygen rapidly from water or cause 
any serious growth of sewage fungi in streams, while effluents derived from weak sewages, 
although containing smaller amounts of organic matters, may take up oxygen com- 
paratively rapidly and foul a stream into which they are discharged. 


The primary object of applying tests to a sewage effluent should be to ascertain whether 
the effluent may be discharged into a stream without giving rise to effects such as these, 
and we are extending our observations on streams with a view to ascertaining the value 
of various tests from this point of view. 


Until these obserVations are completed we do not propose to report finally on the 
question of tests and standards. We can, however, at once state that any figures of 
analysis, unless they bear a direct relation to the state of the effluent as regards 
fermentative change, may be misleading. 


321. According to our present knowledge, an effluent can best be judged by ascer- 
taining, first, the amount of suspended solids which it contains, and, second, the rate 
at which the effluent, after the removal of the suspended solids, takes up oxygen from 
water. 

In applying this test it is important that the suspended solids should be removed, and 
estimated separately. 

Small variations in the amount of suspended solids in effluents may seriously affect 
the rate at which the effluents take up oxygen, and unless these solids are first removed, 
the dissolved oxygen absorption test might give a misleading figure as to the character of 
the effluent. 


322. For the guidance of local authorities we may provisionally state that an 
effluent would. generally be satisfactory if it complied with the following conditions :— 


(1) That it should not contain more than 3 parts per 100,000 of suspended 
matter; and } 
‘2) That, after being filtered through filter paper, it should not absorb 
more than: 
(a) 0°5 part by weight per 100,000 of dissolved or atmospheric oxygen 
in 24 hours ; 
(b) 1:0 part by weight per 100,000 of dissolved or atmospheric oxygen 
in 48 hours; or 
(c) 15 parts by weight per 100,000 of dissolved or atmospheric oxygen 
in 5 days. 
At many sewage works which we have had under observation effluents of this class 
are uniformly produced. 
As regards the carrying out of the dissolved oxygen test, or aeration test as it is some- 


times called, we may refer to page 15 of this Report, which deals with the test in relation 
to sewage, and also to pages 96 and 438 of Appendix VI. 


Growths in Streams. 


323. The question of growths in streams is one of some importance and difficulty. 


Even the best effluents contain a certain amount of plant food in solution and there- 
fore tend to promote vegetable growths. In the case of a stream receiving well purified 
and nitrated effluents, these growths are green. If, however, green growths form in quan- 
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tity, and become detached and washed down into stagnant pools, they must UA AbeLy 
undergo decomposition and may possibly give rise to nuisance. 


This aspect of the question is being further studied ; but we may remark that it does 
not seem practicable to purify sewage thoroughly without the production of nitrates which 
remain in the effluent, and tend to promote growths. 


In the case of a stream receiving imperfectly purified: effluents, grey growths (lep- 
tomitus, sphaerotilus, etc.) may be fostered. These not only give a stream an:unpleasant 
appearance,:and tend to choke its bed;-but when washed down and allowed to accumulate, 
may become very offensive, especially in warm weather. So far as our observations have 
gone, such growths flourish best in a mixture consisting partly of unpurified sewage liquor 
and partly of oxygenated and nitrated water or effluent. 


This is illustrated by some channel experiments at Chorley, which we began 
towards the end of February, 1907.°. One of the channels carried a mixture of 75 volumes 
of filter effluent and. 25 volumes: of well-clarified ey eae Sa tank liquor. The mixture 
gave the following average figures of analysis :— . : | 











Parts per 100,000. : fs . | Average. Bape! « : 
Ammoniacal nitrogen (1°34 to 3°6) - : - - - eS Mae 5) . 4 
Albuminoid nitrogen (0°14 to 0-20) - 2D IR BESET: HS PE AOTG | ESS 
Oxidized nitrogen (1°76 to 2:32)" - : - - - - bie) te) 3 
“ Oxygen absorbed” in 4 hours (0°81 to 2° 91) - - - 1*4 6 
Dissolved oxygen taken up from water in 5 to § days (0°65 to 2° 2-81) 1:4 6 
Dissolved oxygen taken up from water in 24 hours Si 18 to 116) 0:8 3 
Incubator test (by med ar yee Tae - . All passed. 6 











In spite of these comparatively ai figures, and the fact of the liquid being non- 
putrescent upon incubation, the channel was, in qine 19077, filled from end to ore with 
a thick grey fungoid growth. 


. Another channel, conveying purified filter effluent, had only a green growth, coated 
to some extent with effluent solids, while a third channel which carried filter effluent plus 
a proportion of storm water equivalent, on the average, to 30 per cent. of the total volume 
of liquid delivered to the channel, became full of black putrescent mud, but had little 
or no sewage fungus. 


- We are not at present in a position.to state with certainty, by reference to figures of 
analysis, what effluents wil, :and.-what effluents will not, cause ebjectionable growths in 
streams, 


N urates in - Effluents 


324. Although a all nitrated effluent usually takes up dissolved oxygen from water 
slowly, this is not always the case. The following men: (from a sipongly ammoniacal 
sewage) is an instance of this variation :— . 











- Parts per 100,000. 

Ammoniacal nitrogen - : : re Pe : : Koti é (ees gt (Un, 13°02 
Alburtinoid: nitregen!... 86 ve Viaiies is 4G UU ASL i de Ow Gadd Ge (ap s 0°48 
Nitrous nitrogen : : : - 5 : . A : : : : , : 0-26 
Nitric mtrogen - - ~ 74,5 3 2 - So . 2 4 : = - | 4-70 
Solids in suspension -" - crap ay es - ees : : Te ade! : Trace. 
“Oxygen absorbed” at 27° C. (80° F.) at once - - - : : : : ; 1:96 
“Oxygen absorbed” at 27° C. (80° F.) in 4 hours _ - . - - : - - 2 5°62 
Dissolved oxygen taken up rane water at rape cae . 

(a) in 24-hours - : f : d ; HP CS o-a9 

(b) in 48 hours - : : - - : : = ; : : : ‘ : 2:16 
Incubator test (by smell) - - - —_sBbi ID'S e t 2 : : : . 2 Passed. 








Here, although there are about five parts of oxidised nitrogen present in the liquid, 
there still remains a. considerable’ quantity. of- readily» oxidizable organic matter. -Con- 
versely, instances might -be-given: of effluents, poor in nitrate, which tookup very little 
dissolved oxygen from water. 


bint Lemar 
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Chemical Poisons in Effluents. 


325. We have not yet studied this point in much detail, but we think that very few 
effluents in -which-the organic-matter had: been well oxidized, would contain. chemical 
poisons in quantity sufficient to do: harm: to fish life, and that the heavy metals would 
be brought down in the sludge. When the Leeds sewage was knowa t) contain a con- 
siderable quantity of arsenic, the effluents from its biological filtration showed only minute 
traces of it. 


» Cases may. occur where chlorine compounds, acids, or alkalies, might be present in an 
effuent. .We have heard, for instance, of the addition of lime, for the purpose of tem- 
porarily sterilizing a poor effluent ;-such effluents would of course be detrimental to fish. 


The Relation of certain Tests to One Another 


326. Dr. McGowan has made a careful comparison of the figures of analysis of 163 
effluents of varying degrees of purity and obtained by various artificial processes. In 
most of the cases a determination was made of the dissolved oxygen taken up by the 
effluent from water in twenty-four hours, as well as of the “oxygen absorbed” from 
permanganate, etc. 


As a result of this comparison we find that :— 


(1) The figures for albuminoid nitrogen and for “oxygen absorbed” 
from (strong) permanganate in four hours show a close parallelism, but 
bear no constant ratio to one another. In well, or fairly well, purified effluents, 
comparatively free from suspended solids, the ratio will usually be something 
like one part of albuminoid nitrogen to ten parts of “ oxygen absorbed ”’ in four 
hours at 27°.C. (80° F.). 


(2) The ratio of albuminoid to total organic nitrogen in an effluent is usually 
from.1:2+to1:3, though it may in certain cases be either below or above those 
figures. When an effluent contains a large quantity of suspended solids, the 
ratio tends to be high. | 


(3) There is‘nothing like a definite ratio. between the figures for albuminoid 
(or total organic) nitrogen and ammoniacal nitrogen in an effluent. The actual 
‘quantity of free ammonia left in-an effluent, especially if it be compared with that 
in the original sewage or tank liquor, furnishes, however, a very valuable 
indication of the extent to which oxidation has been promoted by the filter. 


(4) The ratio of “oxygen absorbed ” at once from (strong) permanganate 
~-to “oxygen absorbed ”’ in four hours is usually fairly constant at about 1:3 to - 
1: 4; though there are a good many exceptions. 


~~ The main object of the test—‘ oxygen absorbed ”’ at once (or in three 
minutes)—is to show whether there is an abnormal quantity of quickly oxidisable 
matter, whether organic or inorganic, in a sewage liquid. It cannot be regarded 
as a substitute for the four hours test. 


(5) The ratio of dissolved oxygen taken up from water in twenty-four hours 

at 18° C. (65° F.) to “ oxygen absorbed ” from permanganate in four hours at 

27° C. (80° F.) shows very wide variations, and the figures cannot be said to bear 

much relation to one another, except in a very general way. When the ratio 

is low, the effluent is more often than not of poor quality. With a high ratio 
—say, over t+: 5—the effluent is almost always a good one. ~ 


2 (6) The ratio of dissolved oxygen taken up in twenty-four hours to “ oxygen 
absorbed ” from permanganate at once varies very much also; as a general rule 
the better effluents show the higher ratios. 


The Relation between the Incubator or Non-putrescibility Test and the taking up of 
Dissolved Oxygen from Water. 


327. There is no certain correspondence between the results of these two tests. 
An artificial effluent, made by adding excess of nitrate to a diluted sewage, takes up 
dissolved oxygen at a rapid rate, but the nitrate prevents it from putrefying upon 
incubation. : | De 
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At the same time we find that when an effluent is pretty well purified, there is 
fairly definite relationship between the two tests. 


Of the 163 effluents of varying degrees of purity which were examined by Dr. McGowan, _ 
107 did not putrefy on incubation ; forty-nine putrified ; and seven were doubtful. 


Of the 107 effluents which did not putrefy on incubation, ninety-eight were tested 
for dissolved oxygen absorption, and were found to take up an average of 0°57 part per 
100,000 in 24 hours. The figures ranged from 0°0 to 3°2 parts per 100,000, and in most 
of the cases where a high figure was obtained, there was much suspended solid in the 
effluent. There were thirty-five effluents which contained over 3 parts of suspended 
solids per 100,000 (the average being 7°1 parts), and these took up an average of 0°85 
part of dissolved oxygen In 24 hours. The remaining sixty-three effluents, which contained 
3 parts or less of suspended solids per 100,000, took up an average of 0°41 parts of dissolved 
oxygen. Again, of nineteen of the effluents which did not putrefy on incubation, but 
which seemed of somewhat indifferent quality as judged by the figures of analysis, only 
five took up more than 1 part of dissolved oxygen. 


Of the forty-nine effluents which putrefied on incubation, thirty-three were tested 
for dissolved oxygen absorption, and were found to take up from 0°57 to 7:0 parts (or an 
average of 2°3 parts) of oxygen from water in 24 hours. | 


We may summarise the position as follows :— 


(1) Itis very rare indeed for an effluent which (apart from suspended solids) 
takes up little dissolved oxygen from water to fail upon incubation. 

(2) It is comparatively infrequent for an effluent (apart from suspended 
solids) which withstands incubation to take up dissolved oxygen from water 
at a rapid rate. 

(3) In the great majority of cases an effluent which fails to withstand the 
incubator test will also take up much dissolved oxygen from water; and 

(4) An effluent which takes up much dissolved oxygen from water will 
also usually fail upon incubation. 


Both these tests depend upon the fermentative changes which may take place in 
an effluent, on keeping, but a standard based upon a low figure of dissolved oxygen 
absorption would, in some cases, be more stringent than a standard of non-putrescibility 
alone. 


328. It is, we think, probable that an effluent which does not take up dissolved oxygen 
from the water of a stream more rapidly than that water can naturally re-aerate itself 
from the air, would neither give rise to unpleasantness nor—assuming the absence of 
chemical poisons—injure fish life, but this is a point on which we shall be able to speak 
more definitely after the conclusion of our observations on streams. 


* Condition of Effluent as regards Aeration. 


329. In some circumstances the question of the amount of dissolved oxygen con- 
tained in the effluent would be of importance. If the effluent were almost completely 
de-aerated, as many contact bed effluents are, and were to be discharged into a stream, 
the volume of which was small as compared with the volume of effluent, the mere 
admixture of stream and effluent would, at all events near the point of discharge, 
produce a liquid in which the amount of dissolved oxygen would be far helow the 
saturation point. é 


It should be added that it would probably not be difficult to aerate a contact bed 
effluent previous to its discharge into the stream. 


Effluents from percolating filters are usually well aerated. 


ff 


* See also Report by Dr. Letts and Dr. Adeney. Appendix VI. 
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PART VII.—POLLUTION OF ESTUARIES AND TIDAL WATERS. 





330. In our fourth report we dealt with the question of the pollution of tidal waters, 
with special reference to contamination of shell-fish. 


As regards the standard of effluent that can be permitted for tidal waters, having 
regard to the reasonable protection of salmon fisheries and the avoidance of nuisance, 
we stated that we did not think it practicable to lay down any fixed rules, as the necessities 
of each case would depend on a variety of considerations. We were, however, of opinion 
that in certain circumstances sewage should be purified before it is discharged into tidal 
waters. | 


We therefore proposed that the Rivers Board should be empowered, subject to 
appeal to the Central Authority, to call upon a local authority to adopt some method 
of purification in cases where purification was necessary. 


331. Professor Letts and Dr. Adeney kindly agreed to collect and collate the results of 
investigations bearing on the question of standards for tidal waters, as regards offensive 
putrefaction, and injury to fish, and they have presented to us a report on this subject 
which is contained in Appendix VI. 


Their report contains the results of much original work as well as the results, which 
they have brought together, of the work done by other observers. 


Professor Letts and Dr. Adeney have devoted a large amount of time to the work, 
and we are greatly indebted to them for their report, which is a document of considerable 
value. j 


The report affords further proof that any provisions which may be enacted for 
dealing with the pollution of tidal waters must be of an elastic character. 


As an appendix to the report, Dr. Gilbert Fowler has supplied a memorandum as to 
the results of some observations which he made as to the discharge of septic tank sludge 
into an estuary near Ipswich. 
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PART VIII.—SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS. 
(I) PREVIOUS REPORTS. 





InreERIM Report. Cp. 685 [1901]. . 


332. Our first Report was of an interim character and contained the following con- 
clusions :— ; 


a 


(1) No land is entirely useless for purification of sewage, “ but in the case of stiff clay aad p2at lands 

‘the power to purify sewage seems to depend on the depth of the top soil.” Tee ce ee 
“There are, of course, numerous gradations in the depths of top soil which are met with in nature, and 

“it is not easy to draw the line between lands which contain a sufficient depth to justify their.use, and lands 


4 99 


** which do not. 


“‘ We are, however, forced to conclude that peat and stiff clay lands are generally unsuitable for the 
“ purification of sewage, that their use for this purpose is always attended with difficulty, and that where 
“the depth of top soil is very small, say 6 inches or less, the area of such lands which would be required 
“for efficient purification would in certain cases be so great as to render land treatment impracticable.” 


(2) “*. . . we are satisfied that it is practicable to produce by artificial processes alone either from sewage, 
“or from certain mixtures of sewage and trade refuse, such, for example, as are met with at Leeds and Man- 
“chester, effluents which will not putrefy, which would be classed as good according to ordinary chemical 
“ standards, and which might be discharged into a stream without fear of creating a nuisance.” 


“We. think, therefore, that there are cases in which the Local Goverament Board would be justified 
“in modifying, under proper safeguards, the present rule as regards the application of sewage to land.” 


(3) “,. . asa result of a large numberof examinations of effluents from sewage farms and from artificial 
“ processes we find that while in the case of effluents from land of a kind suitable for the purification of sewage 
“there are fewer micro-organisms than in the effluents from most artificial processes, yet both classes of 
‘effluents usually contain large numbers of organisms, many of which appear to be of intestinal derivation, 
“‘and some of which are of a -kind liable; under certain circumstances at least, to give rise to disease.” 

‘“‘We are of opinion, therefore; that:such effluents must be regarded’ as potentially dangerous, and. we 


‘are considering whether means are available and practicable for elimimating or destroying such organisms, 
“or, at least, those giving rise to infectious diseases.” 


(4) “It is of the utmost importance that the simplest possible means should be provided for adequately 
“ »rotecting all our rivers,” .. . and “it will be desirable, probably for some time to come, that scientific _ 


“experiments should be carried on in order to ascertain all the real dangers of pollution, against which they 
“ should be protected.” 


“In the present state of knowledge, and especially of bacteriology, it is difficult to estimate these dangers 
“with any accuracy, and it seems quite possible that they should be either exaggerated or under-valued 
“according to the pre-disposition of those who have to deal with them. An authority, guided by medical 
“ considerations, might not unnaturally be inclined to insist on a degree of purity which may ultimately 


“prove in certain cases to be uncalled for, while another authority, with its mind fixed upon economy, 
“might shrink from-taking essential precautions.” 


... “the general protection of our rivers is a matter of such grave concern as to demand the 
“ creation of a separate Commission, or a new department of the Local Goverament Board, which shall be ~ 
‘‘a Supreme Rivers Authority, dealing with matters relating to rivers and their purification, and which, 


‘when appeal is made to them, shall have power to take action in cases where the local authorities have 
“failed to do so.” ‘ 


SEconD Report. Cp. 1178 [1902]. 


333. Our second Report was a formal document covering certain scientific papers 
which were presented as an appendix to that Report. 


THIRD Report. Cp. 1486 [1903]. 


334. In our third Report we dealt with the relations between local authorities and 
manufacturers in regard to the disposal of manufacturing effluents. We found that the 
present state of the law was most unsatisfactory, that the attitude of local authorities 
towards manufacturers had differed widely, and that many manufacturers were seriously 
handicapped. Our investigations showed that purification of trade effluents by the 
local authority is in the great majority of cases practicable ; purification by the manu- 
facturer is in some cases difficult, if not impracticable ; while purification by the 
manufacturer would generally be more costly than purification by the local authority. 


It also appeared that the local authorities, as well as the manufacturers, were of 


opinion that there should be laid on the local authority a distinct obligation to receive 
trade effluents. 
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335. Our recommendations on this point were as follows :— 


. a We are, therefore, of opinion that the law should be altered so as to make it the duty of the local 

4 authority to provide such sewers as are necessary to carry trade effluents as well as domestic sewage, and 

3 that the manufacturer should be given the right, subject to the observance of certain safeguards, to dis- 
charge trade effluents into the sewers of the local authority if he wishes to do so.” 


“ We do not think it possible to provide, by direct enactment, what these safeguards should be. In 

43 each district it would probably be desirable that the local authority should frame regulations which should 

t be subject to confirmation by a Central Auuthority. In most cases however, these regulations could provide 

i definite standards for the different manufacturers as régards preliminary tréatment, and it appears from 
the evidence that manufacturers would much prefer to have standards to work to.” 


“* Power to vary the standards or to dispense with them altogether in special cases would be necessary.” 


3 “ Although the duty of receiving trade effluents should, we think, be imposed on the local authority, 
cases may arise in which they should be wholly or partially relieved of it.” 


od “ For example, we find that in some, instances the effluent discharged from the manufactory is of a com- 
= posite character, the greater part of which might with advantage be easily dealt with by the manufacturer 
if it were kept separate. In such cases we think the manufacturer would generally be willing to adopt 


iv * Cae . . . . 
‘: this course, but provision 'is necessary for those cases in which the local authority and manufacturer could 
not agree.” 


° ** Further, although we have received no conclusive evidence to show that there are trade effluents which 
could not be purified by the local authority, we do not deny the possibility of such cases arising.” 


“ And it is.possible that in some cases, as, for example, of a large manufactory being newly established in 
“a small district, it might.be necessary to relieve the authority of the obligation to treat the trade effluent 
“or to enable them to exact some special contribution from the manufacturer, not only for the cost of treat- 
“ment, but also towards capital expenditure.” 


“Tt is obvious, therefore, that some tribunal will be required for settling differences between the local 
“authority and the manufacturer, and for relieving the local authority in exceptional cases, either wholly 
“or partially, of their obligation to provide sewers and disposal works of sufficient capacity for trade effluents 
“as well as ordinary sewage.” 


_ “We are of opinion that generally no special charge should be made on the manufacturer in those cases 
“in which the regulations as to preliminary treatment are complied with.” rr 

1“ As we have already stated, it is desirable that, wherever practicable, some’ preliminary treatment 
“ should be carried. out. by the manufacturer.” feat 


“But: where: the manufacturer is unable to comply with these regulations we consider that the local 
“authority should be empowered to make a special charge.” 


“* Power should also be granted to make a special charge, even when preliminary treatment is adopted, 
“where there are exceptional circumstances as regards volume, quality or otherwise.” 


Settlement of Differences Between Local. Authorities and Manufacturers. 


... $36., The chief questions upon which we considered that difierences might arise were :— 


(1) The refusal of a local authority to allow a particular trade effluent to enter their sewers. 


(2) The-refusal of a local authority to construct or enlarge sewers for the purpose of a particular 
manufactory. 


(3) The question of varying general regulations as to preliminary treatment by the manu- 
facturer. 


(4) The amount of the special charge to be imposed on the manufacturer. 
(5) The removal of sludge. 


The balance of opinion we found to be strongly in favour of the view that for the 
settlement. of these questions it is necessary to constitute a Central Board. possessing 
adequate technical knowledge, such as the Supreme Rivers Authority which we recom- 
mended in our Interim Report. efi 


As regards this matter we reported as follows :— 


“‘ We have been struck by the large sums which have been expended in appeals to Courts, but apart 
‘« from the question of expense we are strongly of opinion that the ordinary Courts are not suitable for the 
“ determination of these questions, and we venture to think that the judgment of the Master of the Rolls 
“in the case of Attorney-General ». Whitmore, to which we have already referred, clearly supports this view. 
“ His comment that ‘ the evidence was very complicated, the expert witnesses who were called not only giving 
“ evidence quite inconsistent with one another, but some of them. giving evidence in cross-examination which 
“was quite inconsistent with what they said in examination in chief,’ might apply to many similar cases,” 


_ The scientific questions to be solved would in most: instances be capable of actual determination by 
‘<a properly-equipped Central Authority,.and there.can’be little doubt that such direct: proof would be far 
“‘$less costlythan the process of endeavouring to arrive at the truth through the, evidence of.expert.witnesses 
“in a Court of Law.” 


228 


“ Moreover, the matters to be determined include, not only scientific questions on which witnesses may 
“be expected to differ, but also considerations of an administrative character which should more properly 
“be dealt with by a Government Department.” 

“Further, we find that a Central Authority possessing adequate technical knowledge, would command 
“the confidence of local authorities and manufacturers.” 

“In our opinion a properly equipped central authority is essential, and we unhesitatingly recommend 
“the creation of such an authority.” 

“ In the interests of river purification as well as of the trade of the country we consider it is of the highest 
‘‘ importance that the changes in the law which we have recommended should be made. But these changes 
“ would not in our opinion, be of much use apart from the creation of a Central Authority for the determination 
“ of differences between the local authority and the manufacturer.” 

“Tf the settlement of these differences be left to the ordinary Courts, differential treatment of manu- 
“ facturers, with all the objections to it, will be certain to continue.” ie 


We also recommended that, for the due protection of rivers, River Boards should 
be formed for other parts of the country, similar to the three which already exist in 
Lancashire and Yorkshire, and that these boards should be empowered to determine, 
subject to appeal to the Central Authority, certain of the differences between local authori- 
ties and manufacturers. 


We further advised that it should be the duty of Rivers Boards to inspect public 
water supplies and to report to the Central Authority any cases of dangerous pollution 
of such supplies which they may detect; and that the Central Authority should be em- 
powered, after due inquiry, to order the purveyors of the water to adopt such means as, 
in the opinion of the Central Authority, were reasonable and necessary for removing 
or diminishing the danger. 


We also recommended that the Central Authority might, with the aid of the Rivers 
Boards, very properly collect, such information as is available throughout the country 
in regard to waste of water by pumping from mines, and in regard to the abstraction of 
water from one district, for the supply of another district, to the detriment of the water 
supply of the district from which the water was taken. We consider that the collection 
of such information should precede the consideration of the question whether legislative 
interference in regard to these matters is desirable. 


FourtH Report. Cp. 1883 [1904]. 


337. In our fourth Report, we dealt with the pollution of tidal waters, with special 
reference to the contamination of shell-fish. We stated that :— 


“ After carefully considering the whole of the evidence on this point, we are satisfied that a considerable 
“number of cases of enteric fever and other illness are caused by the consumption of shell-fish which have 
“been exposed to sewage contamination ; but in the present state of knowledge, we do not think it possible 
“to make an accurate numerical statement, at any rate as regards the whole country.” 


“ There can, however, be no doubt that the evil is sufficiently grave to demand a remedy.” 


Our main recommendation for dealing with the evil was stated in the following 
terms :— 


“* After carefully considering the whole of the evidence, together with the results of our own investiga- 
“tions and local inquiries, we are strongly of opinion that the only way in which this evil can be effectively 
“dealt with is by placing tidal waters under the jurisdiction of a competent authority, and conferring on 
“ that authority power to prevent the taking of shell-fish for human consumption from any position in which 
“they are liable to risk of dangerous contamination, and to enforce restrictions as regards pollution, and 
“as regards waters, foreshores, pits, ponds, beds and layings in which shell-fish are fattened or stored, as and 
“ when required.” 


““ For this purpose the powers of the authority must be elastic. The case of each river and estuary is a 

* problem by itself, and it would not be practicable to fix by enactment any standard or standards which would 

“be generally suitable to the widely different conditions of different cases. Moreover, as the conditions are 

a Satay in character, it is necessary to provide some permanent machinery by which restrictions can be 
varied. 


After considering various alternative suggestions as to the Controlling Authority, 
we stated that :— 


“ ‘We entirely agree with the view which has been pressed upon us by a large number of witnesses that 
“Rivers Boards would be the most suitable bodies in whom to vest the local control which we are now dis- 
“cussing. Their control over inland waters is of a similar character to the control which is required over 
“tidal waters (estuarial and other), and it is desirable and fitting that their jurisdiction should be extended 
“to tidal waters for public health purposes. There are indeed no other local bodies possessing the 
‘necessary qualifications, and the only practicable alternative to giving them jurisdiction would seem to 
“be to place the whole control in the hands of a Central Department.” 
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We recommended therefore :— 


“That the necessary power of control over the pollution of tidal waters, and over waters, foreshores, 
** pits, ponds, beds, and layings where shell-fish are grown, fattened or stored, should be vested in the Rivers 
* Boards, subject to appeal to a central authority.” 


In the Report we set forth, in detail, the procedure which the Rivers Boards and 
Central Authority should follow. We also dealt with the question of the means which 
should be adopted for avoiding danger from the consumption of foreign shell-fish. 


As regards other evils, besides the contamination of shell-fish, which had to be guarded 
against in the case of discharge of sewage into tidal waters, we made recommendations 
dealing with these matters. 


SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS. 


(2) PRESENT REPORT. 


GENERAL CONCLUSION. 


338. It is practicable to purify the sewage of towns to any degree required, either by 
land treatment or by artificial filters, and there is no essential difference between the 
two processes. 


Thé main questions, therefore, to be considered in the case of a town proposing to 
adopt a system of sewage purification are, first, what degree of purification is required in 
the circumstances of that town, and of the river or stream into which its liquid refuse 
is to be discharged ; and, secondly, how the degree of purification required can, in the 
particular case, be most economically obtained. 


Removal of Suspended Matters. 


We find that it is generally desirable to remove from the sewage, by a preliminary 
process, a considerable proportion of the grit and suspended matters, before attempting 
to purify the sewage on land or filters. . 


Sedimentation Tanks, 


339. Quiescent Sedimentation.—Two to three hours quiescence is usually sufficient 
to produce a tank liquor fairly free from suspended solids, but owing to the fact that 
some sewages contain a larger proportion than others of solids that settle very slow‘y, 
no general rule can be laid down as to the necessary period of quiescence. With this 
form of treatment the deposit in the tanks should be frequently removed. 


Continuous Flow Sedimentation.—The amount of settlement effected does not depend 
alone upon the period of flow, but upon a number of other factors. If the tank liquor 
is to be treated upon filters of fine material, the period of flow should generally be from 
10 to 15 hours. The tanks should be cleaned out at least once a week. 


Septic Tanks. 


340. All the organic solids present in sewage are not digested by septic tanks, the 
actual amount of digestion varying with the character of the sewage, the size of the 
tanks relative to the volume treated, and the frequency of cleansing. With a domestic 
sewage, and tanks worked at a 24-hours rate, the digestion is about 25 per cent. 


The liquor issuing from septic tanks is bacteriologically almost as impure as the 
sewage entering the tanks. 


Domestic sewage which has been passed through a septic tank is not more easily 
oxidised in its passage through filters than domestic sewage which has been subjected to 
chemical precipitation or simple sedimentation. 
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No definite rules can be laid down as to how long a septic tank should be run without 
cleaning. In the case of small sewage works (serving populations of say. 100 to 10,000 
persons), the tanks should generally be allowed.to run, without cleaning, so long asthe 
suspended matter in the tank liquor shows no signs of affecting the filters injuriously. 
For larger works it would generally be advisable to run off small quantities of sludge at 
short intervals of time. 


The rate of flow through a septic tank is a matter in which the needs of each place 
require special consideration, but at few places should the sewage be allowed to take 
longer than 24 or less than 12 hours to flow through the tank. In no case should less 
than two tanks be provided, and they should be arranged so that, if necessary, one tank 
can be used alone. . / 

As regards digestion of sludge and quality of tank liquor, a closed tank possesses 
no advantages over an open tank. There is less risk of nuisance if the tank and the feed 
channels to the filters are covered in. 


By passing septic tank liquor through tanks of a size sufficient to hold about one 
quarter of the day’s flow, with the addition of from 2 to 3 grains of lime per gallon to the 
liquor, the suspended solids in the liquor are materially reduced, a considerably larger 
quantity of the liquor can be treated per cube yard of filter, and the offensive character 
of the liquor is largely destroyed. 


Chemical Precipitation. 


341. In the case of sewages which contain certain trade waste, and strong sewages 
from water-closet towns, it is generally desirable to subject the sewage to some form of 
chemical treatment before attempting to oxidise the organic matter contained in it. 
In most cases careful chemical precipitation materially aids the deposition of the sus- 
pended solids, and facilitates subsequent filtration. % 


No general rule canbe stated with regard to the capacity of precipitation tanks. 
With continuous flow, an eight hours rate is usually sufficient to produce a fairly good. 
tank liquor from a domestic sewage of average strength. 


If sewage is allowed to remain quiescent in the tank, two hours settlement would 
usually suffice. oe. FV eras 


Relative Cost of Different Tank Treatments. 


342. In the absence of special circumstances favouring a particular plan, it would 
appear that there is very little difference in annual cost between the various methods of 
tank treatment when taken in conjunction with. the cost of subsequent. filtration 
through percolating filters, assuming that the kind of filter.adopted in each case is that 
which is best adapted to the particular tank treatment provided. J . 


Filters. 


343. Within ordinary limits, the depth of a contact bed makes, practically, no 
difference to its efficiency per cube yard. | . 


We think that it would: be generally inadvisable to construct contact beds of a 
eveater depth than 6 feet or of a less depth than 2 feet 6 inches. | 


For practical purposes and assuming good distribution, the same purification will be 


obtained from a given quantity of coarse material, whether it is arranged in the form of 


a deep or of a shallow percolating filter, if the volume of sewage liquor treated per cube 
yard be the same in each case. : tie 


With regard to percolating filters of fine material, if the liquid to be purified were 


absolutely free from suspended and colloidal solids, and if thorough aeration could be 


maintained, the statement just made for filters of coarse material might possibly hold 
good for filters of fine material also. In practice, however, these conditions can scarcely 
be maintained with large rates of flow, and we think that the greatest efficiency can be got 
out of a given quantity of fine material. by arranging it in the form of a shallow filter 
rather than of a deep filter. But we are not in a position to make an exact quantitative 
statement as to the difference in efficiency of the two forms. athe 
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344. The amount of sewage which can be purified per cube yard of contact bed or of 
percolating filter varies—within practical limits—nearly inversely as the strength of the 
liquor treated. This statement is based on the assumption that the size of the material 
of which the filter is composed is, in each case, suitable to the character of the liquor 
treated, and that the material is arranged at the proper depth to secure maximum 
efficiency. 


Detailed particulars as to the amounts which can be treated per cube yard of filter 
are given on page 117, 3 


Taking into account the gradual loss of capacity of contact beds, a cubic yard of 
material arranged in the form of a percolating filter will generally treat about twice as 
much tank liquor as a cubic yard of material in a contact bed. 


In the case of sewage containing substances which have an inhibitory effect upon 
the activity of micro-organisms, the working power per cube yard of filter of either type 
may be more nearly equal. This point, however, is not clearly established. | 


Percolating filters are better adapted to variations of flow than contact beds. 


» Effluents from percolating filters are usually much better aerated than effluents 
from contact beds, and, apart from suspended solids, are of a more uniform character. 
On emptying a contact bed, the first flush is usually much more impure than the average 
effluent from the be 1. 


The risk of nuisance from smell is greater with percolating filters than with contact 


beds. 


With percolating filters there is apt to be nuisance from flies, especially with. filters 
constructed of coarse filtering material. In the warmer months of the year, such filters 
swarm with members of the Psychodidae, which, though appearing to breed and develop 
in the filters, may usually be seen in large numbers on the walls of houses, or buildings 
close to or on the works. 


Treatment of Sewage on Land. 


345. There is no essential distinction between effluents from land and effluents from 
artificially constructed filters. 


Effluents from those soils which are particularly well adapted for the purification of 
sewage contain only a very small quantity of unoxidised organic matter, and are usually 
of a higher class than effluents from artificial filters as at present constructed and used. 


Effluents from soils which are not well adapted for the purification of sewage may 
often be very impure. 


Sludging of Mill Dams. 


346. In any case in which the Rivers Board should be of opinion that the sludging 
of a mill dam by turning the accumulated sludge into the stream would give rise to a 
nuisance, and that it would be financially practicable for the mill owner to adopt some 
other method of cleansing the dam, the Rivers Board should be empowered, by notice, 
to direct the mill owner not to turn the sludge into the stream. 


It should be provided that any mill owner deeming himself aggrieved by such a 
direction, might, within some fixed period, appeal to the Central Authority. The 
decision of the Central Authority should be final. 


Should any cases arise, in which it is important that the sludge should not be turned 
into the stream, but in which the Rivers Board are of opinion that the cost of adopting 
any other method of cleansing the dam would be prohibitive to the millowner, we 
recommend that the Rivers Board should be empowered to represent the case to the 
Central Authority, and that the Central Authority should be empowered. after due 
enquiry, to direct that the sludge shall not be turned into the stream. If the Central 
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Authority should be satisfied that the cost of adopting some other method of cleansing the 
dam would be greater than the millowner could be reasonably called upon to bear, they 
should be empowered to direct that a portion of the cost should be borne by the local 
authorities whose districts would be benefited. 


Effect of Trade Effluents on Sewage Purification. 


347. All the trade effluents of which we have had experience interfere with or retard 
processes of purification to some extent, but we are not aware of any case where the ad- 
mixture of trade refuse makes it impracticable to purify the sewage upon land or by means 
of artificial processes, although in certain extreme cases special processes of preliminary 
treatment may be necessary. 


Nussance from Smell. 


348. All sewage works are liable, at times, to give off unpleasant smells ; they should, 
therefore, be situated away from dwelling houses, wherever this is practicable. 


The nuisance is apt to be considerably greater where the sewage contains brewery 
refuse in any quantity ; but, on the other hand, the presence of some trade effluents, such, 
e.g., a8 iron salts or tarry matters, tends to render the process of purification less offensive. 


The extent of the risk of nuisance depends, however, not only on the character of 
the sewage, but also on the method of treatment adopted. 


General Observations bearing on Choice of a Method of Sewage Treatment. 


349. The selection of a method of sewage disposal should depend primarily on local 
conditions. 


If a sufficient quantity of good land, to which the sewage can gravitate, can be pur- 


chased for about £100 an acre, land treatment would usually be the cheapest method to 
adopt. 


In cases where only clay land is available, it would generally be cheaper and more 
satisfactory to provide artificial filters. 


350. Given conditions favourable to each process, there is little difference as regards 


cost between any of the different forms of tank treatment when these are considered 
along with the cost of subsequent filtration. 


Single contact will, generally, only yield a good effluent where the sewage to be 
treated 1s weak, and then only after good preliminary treatment. For the purification 
of partially settled weak sewage, and for well, as also for partially, settled sewage of 
average strength, if the case is one in which a good effluent is required, double contact 


is necessary, while if a strong sewage has to be treated, triple contact is necessary, unless 
the preliminary treatment is exceptionally good. 


In nearly every case a greater rate of filtration per cube yard can be adopted if the 
material is arranged in the form of a percolating filter, than if 1t is used in contact beds. 


In many cases the rate of filtration through percolating filters may be double or nearly 
double what it could be with contact beds. | | 


Where the liquor to be treated contains much suspended matter, it is usually ad- 
visable to eonstruct filters, whether contact or percolating, with coarse filtering material. 
Where the preliminary treatment has effectively removed the greater part of the 
suspended matter, it is best to use fine material in the filters. | | 


Storm Overflows on Branch Sewers. 


351. Storm overflows on branch sewers should be used sparingly, and should usually 


be set so as not to come into operation until the flow in the branch sewer is several times 


the maximum normal dry weather flow in the sewer. No general rule can be laid down 
as to the increase in flow which should occur in the branch sewers before sewage is allowed 


-—- 
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to pass away by the overflow untreated. The Rivers Board, or in districts where there is 
no Rivers Board, the County Council, should have power to require the local authority 
to alter any storm-overflows which, in their opinion, permit of an ezcessive amount of 
unpurified sewage to flow over them. The local authority should have the right to appeal 
to the Central Authority in any case in which they consider that the requirement of 
the Rivers Board is unreasonable or impracticable of fulfilment. 


The general principle should be to prevent such an amount of unpurified sewage 
from passing over the overflow as would cause nuisance. 


Treatment of Storm Water Sewage at the Works. 


352. As a general rule, special stand-by tanks (two or more) should be provided at 
the works, and kept empty for the purpose of receiving the excess of storm water which 
cannot properly be passed through the ordinary tanks. As regards the amount which 
may be properly passed through the ordinary tanks, our experience shows that in storm 
times the rate of flow through these tanks may usually be increased to about three times 
the normal dry weather rate without serious disadvantage. 


The overflow at the works should be made from these special tanks, and should 
be arranged so that it will not come into operation until the tanks are full. 


Special filters which are only used in times of storm are not usually efficient, and 
should not be provided. 


Any extra quantity of sewage arriving at the works in storms, which has to be filtered, 
should be treated on the ordinary filters, which should be made sufficiently large for 
the purpose. 


As regards the size of the stand-by tanks, the amount of storm water sewage to be 
filtered, and the arrangements generally for dealing with the storm sewage at the outfall 
works, the Rivers Board or the County Council in areas in which no Rivers Boards 
have been established, should have similar power to that which we have proposed in 
regard to overflows on branch sewers, and the local authority should have a similar 
right of appeal to the Central Authority. 


In most cases it will probably suffice to provide stand-by tanks capable of holding 
one quarter of the daily dry weather flow, and it will not be necessary to provide for 
filtering more than three times the normal dry weather flow. : 

Under the arrangements which we recommend no storm sewage arriving at the 
outfall works would be discharged without some settlement. 


Separate Systems of Sewers. 


353. In any case in which a local authority wishes to adopt the separate system of 
drainage for the whole or any part of their district, they should apply to the Central 
Authority, and that Authority should be empowered to confer on the local authority, by 
order, such powers as are required. 


As regards the powers that are required, the provisions which are generally con- 
tained in local Acts in respect of this matter seem to be defective. If separate sewers 
are provided, the local authority should have a clear power to enforce the provision of 
separate drains, but the local Acts to which our attention has been drawn do not modify 
the powers of the local authority under the general law in regard to bye-laws as to the 
drainage of houses. Moreover, the powers of the local authority should not necessarily 
be limited to new streets and new houses. 


As a general rule, the expense of altering existing drains should fall on the local 
authority, and there may be some instances in which it would be equitable that they 
should bear some portion of the additional cost even in the case of new roads. 


The Central Authority should, therefore, have power to include in their Order such 
provisions for the allocation of the cost as they consider equitable, having regard to the 
local circumstances, 
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Standards for Sewage Effuents. 


354. Our terms of reference require us to have regard to the “ economical and 
efficient ” discharge of the duties of local authorities, and in view of the importance 
of not r-quiring a local authority to incur any further expenditure on sewage disposal 
than the circumstances of its area require, we feel strongly that the law should be 
altered so as to allow local circumstances to be taken into account. 


We recommend that the Central Authority should determine the nature of the tests 
which are to be applied for the purpose of standards, and that it should be made the duty 
of the Rivers Board, or of the County Council in areas not under the jurisdiction of a 
Rivers Board, to determine, from time to time, subject to appeal to the Central Authority, 
what standards should be adopted. 


In the first instance it would be convenient. that the Central Authority should 
prescribe one standard for all non-tidal waters, in place of the existing statutory provisions. 
It would then rest with the Rivers Board or County Council to fix, subject to appeal to 
the Central Authority, a higher or lower standard in any case in which they were of 
opinion that the circumstances required or justified a different standard. 


We further recommend that no action should be allowed to be brought in respect 
of damage alleged to be due to the discharge of an effluent which complies with the 
standard fixed for the water into which it is discharged, but that in such cases complaint 
should be made to the Central Authority, and, if a prima facie case 1s made out, that 
Authority should ascertain whether the complaint is well founded, and should be em- 
powered to fix a different standard if the circumstances are shown to require it. 


In cases where it is alleged that the effluent does not comply with the statutory 
standard, and that damage is caused by the discharge of such effluent, action should 
be brought in the ordinary Coutts. . . 


But any questions arising as to whether the effluent complies with the statutory | 
standard, or as to whether the damage has been caused by the discharge of the effluent — 


in respect of which complaint is made, should be referred. by the Court to. the Central 
Authority for determination. The costs of such determination should be borne by the 
parties to the action in such proportions as the Court may determine. 


Power should be conferred on the Central Authority to suspend, from time to time, 
the operation of any standard, to allow time for the construction of works, or for any 
other reason which, in their opinion, justified such suspension. 


Tests for Sewage Effluents in Relation to Standards. 


355. According to our present knowledge, an effluent can best be judged by ascer- 
taining, first, the amount of suspended solids which it contains, and, second, the rate 
at which the effluent, after the removal of the suspended solids, takes up oxygen from 
water. 


In applying this test it is important that the suspended solids should be removed, 
and estimated separately. | 


For the guidance of local authorities we may provisionally state that an effluent would 
generally be satisfactory if it complied with the following conditions:— 


(1) That it should not contain more than 3 parts per 100,000 of suspended 
matter; and 


(2) That, after being filtered through filter paper, it should not absorb more 
than: 


(a) 0°5 part by weight per 100,000 of dissolved or atmospheric oxygen 
in 24 hours. 


(b) 1:0 part by weight per 100,000 of dissolved or atmospheric oxygen 
in 48 hours ; or 


in 5 days. 


(c) 15 patts by weight per 100,000 of dissolved or atmospheric oxygen 


——————— 
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THE CENTRAL AUTHORITY. 


356. To secure the economical and efficient discharge of the duties of local authorities, 
and others, in regard to pollution, and adequately to protect the public health and the 
amenities of rivers, the statutory provisions in regard to these matters must be of an 
elastic character. : 


_ The conditions of different cases vary to such an extent that the necessary control 
cannot, in our opinion, be provided by any direct enactment which could be enforced by 
the ordinary Courts. 


Throughout our Reports, this fact has been fully recognised, and we have proposed, 
in regard to many matters, that ultimate control should be vested in an adequately 
equipped Central Administrative Authority, and that, as far as practicable, the local 
Rivers Board should, in accordance with regulations framed bv the Central Department, 
act as a first tribunal. 


Among the more important questions which have to be dealt with under the new 
conditions of administration which we are contemplating, are the following :— 


(i.) Disputes between local authorities and manufacturers as to the 
terms and conditions on which trade effluents shall be admitted into sewers ; 


(u.) The control of shell-fish layings so as to prevent the taking of shell- 
fish for human consumption from positions in which they are liable to risk of 
dangerous contamination. 


(in.) The protection of water supplies from pollution.” 


(iv.) The collection of information as to the water supplies available in 
various parts of the country. 


(v.) The collection of information as to the need of water in various parts 
of the country. 


(vi.) The settlement of standards for different reaches of water. 


(vii.) Conferring powers on local authorities, in suitable cases, to provide 
separate systems of sewers for surface water and to enforce the provision of 
separate drains. 


(vili.) The settlement of questions as to the extra amount of sewage which 
a local authority should be required to treat during storms. 


There are also numerous questions in regard to the purification of polluting liquids 
which, in the interests of the public, have still to be worked out, and it is essential that 
the Central Authority should ke properly equipped for undertaking such special investi- 
gations as they may from time to time find necessary, and for collecting and collating 


the work done by otkers. 


Since the date of our appointment considerable developments have taken place in 
reyard to the disposal of sewage, and there is every reason to think that further changes 
will occur in the future. ~ ae 


Unless the Central Department keep in close touch with all such changes, and from 
time to time report on them, it is not possible for local authorities throughout the country 
fully to utilise the results of valuable work which is being done at many places, and hence, 
to perform their duties in the most economical as well as efficient manner. 


THe PosiTiIon OF oUR INQUIRY. 


357. In this Report we have dealt with the main question of what methods of sewage 
disposal may properly be adopted by local authorities. The remainder of our work will 
be chiefly concerned with the disposal of trade effluents when not mixed with sewage. 
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We have already investigated the disposal of distillery effluents, and shall issue a 
separate Report on this subject very shortly. 


Concurrently with our investigation of the methods available for disposing of other 
trade effluents we shall continue our observations on the eflect of discharging effluents of 


known composition into streams, with a view to reporting more fully on the question of 
standards and tests. 


Page 188. We are continuing, for another season, the experiments on the manurial value 


of sewage sludge, and are also making some observations on a few other points. 


IDDESLEIGH (Chairman), 
T. WALTER HARDING, 
WILLIAM RAMSAY, 

W. H. POWER, 

T. J. STAFFORD, 
REGINALD A, TATTON, 


# 


F, J. WILLIS, 


Secretary, 


7th August, 1908. 


9 


= 


37 


GENERAL INDEX. 


PAGE. 


INTRODUCTION E é é s i 
Previous Commissions and Committees — - 


PLAN OF WoRK~ - - 2 S 3 z 
Names and Qualifications of Witnesses - 
Special Investigations - z : : 


APPENDICES TO REPORT - és : : 
TerRMs OF REFERENCE = + 2 p a 
GENERAL CONCLUSION « = . p x 


PLAN OF REPORT - E 3 ‘ z z 


ART I.—PRELIMINARY TREATMENT 


SEWAGE. 


INTRODUCTORY REMARKS = Z Z ip 


SrtrencTH OF SEWAGE AS AFFECTING 
PURIFICATION - - - - , s 


PRELIMINARY PROCESSES FOR THE REMOVAL 
OF SuSPENDED MATTERS. 
General Observations - - - 
Screening - - - - - - 
Grit or Detritus Tanks : a : 
Sedimeniation Tanks = : : : 
Quiescent sedimentation - - 
Continuous flow sdimentation 
Should tanks be used in series or 


in parallel - - - - -_ 
Nuisance - - - - - - 
Septic Tanks - - - - - - 
Suspended solids in liquor from 


septic tanks - - - - 
Cleansing of septic tanks - - : 
Rate of flow through septic tanks - 
Should septic tanks be closed, or open - 
Removal of suspended solids from 
septic tank liquor - - 

Lime precipitation of septic 

tank liquor - - - - 

Chemical Precipitation - - : : 
Ways of adding chemicals - < 
Observations as to the Relative Cost of 
Preliminary Processes - - - 
Comparative capacities of tanks - 

_ Initial cost of tanks - z il anes 
Cost of chemicals” - - - “ 
Production of sludge 5 : * 
Cost of labour - - é 3 5 
Loan charges” - - - - - 
Total cost of the preliminary processes 
Filtration of tank liquors - - - 
“Strength” of tank liquors” - - 
Final purification of tank liquors’ - 
Total cost of complete treatment - 
Conclusions as to costs - - - 
Observations on the choice of Tank Treatment 
Domestic sewages which are very 
strong 
Domestic sewages of average strength - 
Weak domestic sewage - - : 
Summary for domestic sewage - - 
Sewage from large cities - . . 


PART II.—PURIFICATION OF SEWAGE 
ARTIFICIAL FILTERS. 
InrRoDUCTORY REMARKS £3 ie * 4 


OBSERVATIONS AS TO EXTENT TO WAICH 
SUSPENDED SOLIDS SHOULD BE RE- 
MOVED FROM SEWAGE BEFORE ([T IS 
FILTERED - - = - = = 


I. Contact Beds & = . : E 
Il. Percolating Filters - ‘ 2 e 


6225—TI. 


OOo WwW ee 


— 
Oo 


j=) 
rx 


1] 


47 


48 


48 
49 


PAGE. 
Contact Brps . : : : : oT BI 
Construction - - C : a Ee 
Depth : - : 3 : 2 ho 
Filling and Pnihstng - - : ey, 54 
Automatic Gear - - - 2 Ba 83 
Loss of Capacity - - - = am 6 
(1) Disintegration of the abe i 
material  - - - 56 
(2) Consolidation of the filtering 
material = - - - 57 
(3) Deposition of colloidal eather - 58 
‘4) Growth of organisms - 58 
(5) Volume of liquid Pe on & bed 58 
* (6) Insufficient rest - <9 OB. 
(7) Inefficient drainage - . - 58 
(8) Suspended matter in liquid - - 59 
low to diminish Rate of Loss of Capacity - 62 
Washing of Filtering Material - - - 63 
Filtering Material - - - : Stet 
Size of material - - - » 67 
Grading of material - - - - 69 
Amount of Sewage which can be treated 
on Contact Beds - . - nt pe) 
PERCOLATING FILTERS. 
Depth - - - - - - Eee il 
Horfield experiments - - Se 
- Ilford experiments” - 71 
Influence of the nature of ie filtering 
material - . . . 74 
Influence of the size of the filtering 
material = - - sede) 
Depth of fine percolating fiters - 78 
Dorking experiments - - 79 
General conclusions as to depth = ST 
Size of Filtering Material - - 88 
Methods of Feeding Percolating Filters =" QI 
Forms of distribution - - - 91 
Risk of nuisance - - 93 
Superficial Area of Percolating Fi liens - 93 
Construction of Base - - - - 94 
Choking of Filters” - - . - - 94 
Growths on Filters - - - - - 96 
RELATIVE Cost or Contact BEDS AND PER- 
COLATING FILTERS - - - - 101 
RELATIVE Errictency or Contact BEDS AND 
PERCOLATING FILTERS - - - 107 
Accrington Hxperiments - . - - 110 
GENERAL CONCLUSIONS AS TO WORKING 
PowrR or Dirrerent TYPES OF 
FILTERS) - - : - - «- ll} 
GENERAL SUMMARY AS TO ConTACcT BEDS 
. AND PerconaTing Firters - - - 119 
Tastes or ANALYTICAL RESULTS - > - 120 
PART IIJ.—PURIFICATION OF SEWAGE BY 
TREATMENT ON LAND. 
IntRoDUCTORY REMARKS - - - - 137 
CoMPARISON OF EFFLUENTS FROM LAND AND 
ARTIFICIAL FILTERS 137 
Chemical Analyses of Sewages be Effluents 
at the Sewage Farms under Observation 
by the Commission - - - 135 
Bacteriological Character of Effluents - - 142 
VoLUME OF SEWAGE WHICH CAN BE TREATED 
ON LAND - - - - - - - 143 
Sewage farms under observation by 
the Commission - - - - 144 
Physical texture of soils - - 149 
Preliminary Settlement “us pad bere and 
Treatment — - - 149 
Disposal of Sludge a Bonige fanne - - 149 
Evaporation and Absorption of Water of 
149 


Sewage - - - - - : < 
2H 


PURIFICATION oF SEWAGE BY TREATMENT 


on Lanp—cont. 2 


Loss of Nitrogen from Sewage - “ 
Isa Sewage Farm dangerous to Health; - 
Wells in the Netghbouphoot of eae 

Farms - * 

Sewage Farms on Peat,Land - - : 
Management of Sewage Farms - 
Cost of Land Treatment of Sewage - 
ost of treatment at sewage farms 
under observation - - - 
Preliminary tank treatment - . 
Cost of working of tanks and disposing 
of sludge - - - - . 
Loan charges’ - - - - 
Labour in connection, vate distribution 
of sewage - - 
Gross cost of land treatment - - 
Returns from sales of crops - - 
Net cost of land treatment ~- - 


ComPARATIVE Cost oF TREATMENT OF SEWAGE 
BY LAND AND BY ARTIFICIAL PROCESSES - 


PART IV.—SLUDGE. 


DIsPosaAL OF SEWAGE SLUDGE 


MetuHops or DiIsposaL: 


Conversion of Sludge into a epee 
Manure - : - - 

Kingston-on-Thames - - 
Glasgow (Dalmarnock) - . 

Depositing at Sea - - . - 
London - - - - = 
Glasgow - - - . 
Manchester - - - - - 
Salford - . - - : - 
Dublin - - - - - - 
Southampton - : - - - 
Cost at different places - - - 

Pressing of Sludge - : - - - 
Nuisance from smell - - - - 
Disposal of pressed cake - - - 
Composition of pressed cake 
Cost of pressing sludge - - 


Shallow Burial of Sludge in the Goin = 


Area of land a Fa - - - 
Cost - - - - 
Lagooning or Atr- hs, of Sadye - - 
Covering Land with Sludge ” : - 
Cost - - . - - - 
Burning of Sludge - - - - - 
Cost - - - . 
Extraction of Valuable Substances from 
Sludge - - - - 
Distillation of apts (Watson and 
Butterfield’s Patent Sludge Dis- 
tilling Process) - 
Comparison of Cost of different M ethos of 
Disposal of Sludge - - 


MaANURIAL VALUE OF SEWAGE SLUDGE - - 
Experiments with Turnips, Mangolds, and 
Swedes - - - - : - 
Experiments with Hay - - - - 
Experiments with Grass Land at Vga 
by Dr. J. A. Voelcker - 
Pot Culture Experiments at W bin by 
Dr. J. A. Voelcker - - - 


Stupaine or Mini Dams > 2 : = 


PART V.—GENERAL. 


Errrcot or TRaADR EFFLUENTS ON SEWAGE 
PURIFICATION + 2 z 2 S 


Pas. Pacs, 
NUISANCH FROM SMELL AT SEWAGE WorRKS - 195 
Tank treatment : . . - = J95. 
149 Filters - - - - E . = 195 
151 Treatment on land - - - - - 198 - 
Deodorisation of septic tank liquors - 198 
151 Experiments at Guildford - - - 199 
151 OBSERVATIONS ON THE CHOICE OF A METHOD 
151 oF SEwAGE TREATMENT. 
Ue General - - - = 2 - 202 
152 Selection of an artificial process. 
153 Tank treatment ne - - 202 
: Filters - - - - . - 202 
154 TREATMENT OF STORM-WATER SEWAGE - - 204 
156 Storm-water filters - - - - - 209 
Amount to be filtered = - - - -. 209 
156 Overflows on branch sewers” - - - 209 
157 Treatment of storm-water sewage’ at 
157 outfall works - - - - - 210 
157 SEPARATE AND COMBINED SySTEMS OF 
SEWERS - - - - - - 211 
158 Chemical analyses of liquids from surface 
water sewers + - - - =) 212 
Bacteriological analyses - - - - 213 
Recommendation - - - - - 216 
159 
PART VI.—STANDARDS AND TESTS. 
STANDARDS FOR SEWAGE EFFLUENTS’ - - 217 
159 Suspended solids in effluents ‘- - - 218 
159 Other qualities of effluents - - - 219 
160 Recommendation S - - - - 220 
162 TESTS FOR SuwaGEe ErrLuENts IN RELATION 
163 TO STANDARDS - - - - - 221 
164 Growths in streams - - - 221 
165 Nitrates in effluents - - - - 222 
166 Chemical poisons in effluents - . - 222 
166 Relation of certain tests to one another- 223 
167 Condition of effluents as regards aeration- 224 
167 
168 PART VII.POLLUTION OF ESTUARIES AND 
te TIDAL WATERS 2 . - 225 
169° PART VIII.—SUMMARY OF CONCLUSIONS 
ae AND RECOMMENDATIONS. 
172 Previous REPORTS: 
178 Interim Report - 4 . SDE Le A BEAG 
174 Second Report - ‘ - - - - 226 
175 Third Report - - - - - » = 226 
176 Fourth Report - - - - : - 228 
ae PRESENT REPORT: 
General conclusion - - - - - 229 
178 Sedimentation tanks - - - - 229 
Septic tanks - : . - - 229 
Chemical precipitation — - - - 230 
179 Relative cost of different tank treat- 
ments - - - . > - 230 
182 Filters - - - - - - 230 
Treatment of sewage on land - - 231 
183 Sludging of mill dams” - : - 231 
Effect of trade effluents on sewage 
184 purification- - + - + 231 
185 Nuisance from smell - - - - 232 
General observations bearing on choice 
187 of a method of sewage treatment - 232 
Storm overflows on branch sewers - 232 
187 Treatment of storm-water sewage - 233 
189 Separate systems of sewers - - 233 | 
Standards for sewage effluents - - 233 
Tests for sewage effluents in relation 
to standards - - - - 234 
Central Authority - - - - - 234 
192 Position of Inquiry - - - - - 285 


238 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 





EL Tae aa ee O'R E 


OF 


THE COMMISSIONERS 


APPOINTED TO INQUIRE AND REPORT WHAT METHODS OF 


Treating and Disposing of Sewage 
(INCLUDING ANY Liguip FROM ANY Factory on MANUFACTURING PROCESS) 


MAY PROPERLY BE ADOPTED. 


Methods of Treating and Disposing of Sewage. 





APPENDIX I. 


MINUTES OF EVIDENCE. 














Presented to both thouses of Parliament by Command of his Majesty. 














i, OF Ne DeOwN.: 
PRINTED FOR HIS MAJESTY’S STATIONERY OFFICE, 
By WYMAN & SONS, Limirep, 109, Ferrer Lanz, E.C. 


And to be purchased, either directly or through any Bookseller, from 
WYMAN anp SONS, Limrep, 109, Ferrer Lane, Freer Street, E.C.; and 
32, ABINGDON STREET, WESTMINSTER, S.W.; or 
OLIVER anp BOYD, TweeppaLe Court, EDINBURGH; or 
E. PONSONBY, 116, Grarron Street, DUBLIN. 


1908. 





[Cd. 4279.] Price 9s. 7d. 





MINUTES OF EVIDENCE 


TAKEN BEFORE THE 


ROYAL COMMISSION 


APPOINTED TO 


Inquire and Report: First, what method or methods of treating and disposing of Sewage 
(including any Liquid from any Factory, or Manufacturing Process) may properly be adopted 
consistently with due regard for the requirements of the existing Law, for the protection of 
Public Health, and for the economical and efficient discharge of the duties of Local Authorities ; 
and if more than one method may be so adopted, by what rules, in relation to the nature or 
volume of Sewage, or the Population to be served, or other varying circumstances or require- 
ments, should the particular Method of Treatment and Disposal to be adopted, be determined ; 
and, secondly, to make any Recommendations which may be deemed desirable with reference 


to the Treatment and Disposal of Sewage. 





SIXTY-EIGHTH DAY. 


wesday, 


16th February, 


1904. 


PRESENT: 


Colonel T. W. Harprna, J.P. (in the Chair). 


Sir MicHaErL Foster, K.C.B., F.R.S., M.P. 
Sir Wintiam Ramsay, K.C.B., F.R.S. 


Mr. W. H. Powkr, €.B., F.R.S. 


| Major-General ConsTaNTINE Puipps CAREY, C.B., R.F. 


Mr. F. J. Wixuis, Secretary. 


Dr. Cowlz, called; and Examined. 


19728. (Chairman.) Dr. Cowie, we had the pleasure 
of seeing you when we were in Scotland. Would you 
be good enough, therefore, to act as introducer of the 
gentlemen about you? I understand we have before 
us the Provost of Rothes?—(Dr. Cowie.) No, he is not 
here, sir. 


19729. Then would you tell us who these gentlemen 
are?—(Dr. Cowie.) Mr. Allan, Mr. Thorne, Mr. Hop- 
kins, Mr. James Robertson, Mr. Doig, Mr. Grant Glen 
Grant, Mr, Fergusson (Jura), Mr. Brown (Campbel- 
town), Mr, Mustard. 


19730. Are all these gentlemen interested in dis- 
tilleries ?—Every one of them. 


19731. And is this deputation representative of some 
association—if so, what ?—It represents the whole Scotch 
malt distilling trade. 

19732. What is the name of the association ’—Well, 
we will take it this way: There are here representatives 
from the South, East, and West of Scotland Malt Dis- 
tillers’ Association, as well as from the North of Scot- 
land Malt Distillers’ Association, to which I belong. 

19733. Then this is a combination of associations ?— 
That is so. 


19734. And I understand that you come before us in 
consequence of the difficulty which lies before distillers 
owing to decisions which have been given by the Court 
of Session in actions at the instance of John Ritchie 
Findlay v. Dailuaine-Talisker Distillery Co., Limited, 
and Dailuaine--Talisker Distillery Co. v. James W. H. 
Grant, the particulars of which you have put before us? 
—That is so. . 


19735. I understand that Dr. Cowie, on behalf of 
the deputation to-day, has a statement to make to the 
Commission ?—That is so. 


19736. Will Dr. Cowie be good encugh to proceed ?-— 
Colonel Harding and gentlemen, the deputation that 
I have the honour to introduce to you to-day represents 
practically all the distillery interests in Scotland. 
During the year 1902 the output from these distil- 
leries was over 29,000,000 gallons, representing about 


6225—Ap. I. 1250.—Wt, 9302. 9/08. Wy. & S. 3562r. 


£15,000,000 sterling in Imperial revenue per annum. 
There are 167 such works in Scotland. My interest, as 
you know, is more particularly connected with the 
North of Scotland, and you will see from the map 
which has been put in that a great number of these 
works are concentrated round the Spey Valley. The 
gentlemen who are here to-day, however, represent 
Islay and Campbelltown, the south, the west, and the 
east—practically all the malt distillers of Scotland. 
Although the question has been more acute in our 
district it is being raised all over the country. ‘The in- 
dustry which we represent, as you are aware, employs a 
large number of workmen, both directly and indirectly. 
It affords am outlet for barley and other agricultural 
products of the neighbourhoods where the distilleries are 
situated, and also gives cheap cattle food, without 
which, during the last two years, I may say, in our 
part of the country, the farmers in some of ou 
Highland glens would have been reduced to dire ex- 
tremity. As it is, we know they have had very bad 
crops for two years, no root crop, and their white crop 
has failed, and they have had to depend for food for 
their cattle on what they have got from the distilleries. 
Farmers have been coming to my place, five, six, or 
seven miles, to drive away iood for their cattle. I am 
not able to give you figures regarding the amount of 
capital invested in this industry, but it is enormous. 
For some years past the question of the disposal of 
waste products from the distilleries has been a burning 
one between the distiller and riparian proprietors. 
Into the composition of these by-products it is un- 
necessary for me ito enter, as the Commission has 
already investigated this on their own account. But 
it is necessary for me to touch upon the difficulty 
and the gravity of the problem. I may remind you 
that during your visit to the north last May, we were 
able to show you varied and extensive works for the 
purification of these bye-products, and I think we were 
able to convince you at that time that we were making 
earnest and every possible endeavour conscientiously to 
grapple with this problem. I think you were also told 
that the distillers on the Spey offered to construct a pipe 
to the sea at a cost of from £40,000 to £50,000, but that 


A 


Dr. Cowie. 





16 Feb. 1904. 





Dr. Cowte. 





16 Feb. 1904. 





4 MINUTES OF 


the proprietor of the fishings at the mouth of the river, 
the Duke of Richmond and Gordon, objected to this 


proposal. We also, as you know, offered a premium for 


an efficient system for the disposal of our sewage, but 
nothing came of it. I must say that perhaps at one time 
the distillers, like other manufacturers, when this 
problem confronted them, were a little slow to move till 
they saw how things would go, but I have to ampress on 
the Commission that I am certain every distiller is now 
anxious to find some way out of this trouble and to meet 
the complaints that have been made against them by the 
proprietors. As you have said, sir, it 1s owing, to the 
judgments of the Courti of Session: against this distillery 
company and others that are now pending 1m. the court 
(because this is not an individual instance, but it is a 
‘string of a number of cases that are instituted against 
distillers), the distillery industry has become thoroughly 
alarmed, and they quite see that it 1s only a matter of 
time when this large and important industry will be 
absolutely shut up unless something can be done to 
remedv the trouble. We have come to you ‘to-day 
to ask you to send your experts to investigate 
and see what can be done, with the view to fixing some 
standard of purity up to which it would be safe 
for the riparian proprietors to receive effluents 
from distilleries into the stream ; also to investigate 
the methods which you saw working, such as evapora- 
tion, incineration, and destruction works, which are 
now in danger of being interdicted on account of 
the smell arising, from the burning of the pot-ale, and 
also to report on what you would consider the best and 
most efficient means of solving the question. If, un- 
fortunately, as we are led to understand, your staff is 
fully occupied at the present moment observing works 
with a view to a further report on sewage effluents, and 
sewage and trade effluents mixed, so that you cannot at 
once investigate the methods available for dealing with 
distillery refuse, we would offer the suggestion that you 
should ask the principal proprietors on the Spey to come 
before you and give their views, and see if a modus 
vivendi between the distillers and the proprietors could 
not be arrived at until such time as you are able to 
investigate and report upon the standard of purity which 
would be reasonable to all concerned. I may say that on 
every occasion upon which we have asked the riparian 
owners for some indication as to what will satisfy them 
they have invariably said, “ We just want pure water, 
and we do not care how you arrive at this.” That in our 
opinion is practically impossible—is an absolute im- 
possibility. There is another point which I should 
like to bring before the attention of the Commission. 
I think it struck you when you came up last spring 
that sufficient land was probably not employed in many 
eases in works for purification. Well, a good many 
distillers—in fact, all distillers—have what they call 
feus—that is, a freehold for which they pay a large 
annual rent. When land was required for purification 
works, these gentlemen from whom we had the feus 
either asked an exorbitant annual feu duty or refused 
the land altogether, although at the same time they are 
receiving large annual payments for the land occupied 
by the distillery. This is actually the case now at 
Rothes, as Mr. Grant and Mr. Robertson will tell you, 
They threaten us with an action for interdict, and thea 
demand £15 to £30 an acre per annum for land which 
is not worth as many shillings from an agricultural point 
of view. We would ask you, therefore, gentlemen, if 
you. could possibly see your way to promote legislation 
by which on application to the County Council or some 
cther local authority it might be possible for distillers 
and other manufacturers (for the same thing obitains 
with regard to some other industries in the north) to 
obtain land at a reasonable price, so that our industries 
might not be hampered in that way. As I have said 
before, perhaps we were a little backward at one time 
in doing what we.could to solve this problem, but for 
the last few years large sums have been spent, and 
everybody has been doing his very best to arrive at the 
solution. We would welcome such a proposal as is 
made in your third report on sewage disposal for 
England, that some such central authority should be 
appointed as you propose, to deal with the matter 
between the manufacturers and local authorities or 
proprietors. Such a central authority as you recommend 
would be a far better tribunal than the ordinary courts. 
We would pray that you would recommend that this 
should also be extended to Scétland. At present we, 
as individuals, are spending large sums without any 
security that the works that are being erected are the 
best possible available. This could be obviated if 
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your recommendations were accepted, and it would 
save a great deal of money both to the country and to 
individuals at large. The landlords, no doubt, are as 


anxious as we are that money should not be need-. 


lessly wasted on works and on useless litigation. Ifa 


central authority were appointed, there is no doubt . 


that this would be sufficient to safeguard the interests 
of all parties. Before drawing my remarks to a con- 
clusion, I would like to say a few words with regard 
to the fishing rights of the riparian owners on the Spey, 
and Mr. Grant, who is an old fisherman on the Spey, 
and who has large experience, will speak to this later. 
For the last four years we maintain that the damage 
to fishing has been infinitesimal, if not nil, on the Spey, 
and this is evidenced by the report of the river watchers 
of the number of fish on the spawning beds during the 
last two or three seasons; also, indeed, by reports in 
the newspapers. Since the opening of the d 
season on the Spey on the 11th February last the fish- 
ing has been a record one, both from the point of view 
of the rod fisherman and the netsman. They have, I 
think, made absolute records in rod fishing, from what 
I hear. I wish to impress upon the Commission that 
we distillers do not want in any way to injure the 
streams or to encroach on the rights of the riparian 
owners ; we only ask reasonable facilities for carrying 
on our business, and we are in hopes that an interview 
between you and the riparian owners will bring into 
proper perspective our respective positions, and convince 
them that their interests are not being unduly en- 
croached upon by us, and that there musti be a little 
give and take between us before a settlement can be 
effected. In what I have said with regard to the 
Spey—you have been hearing so much about it—I have 
spoken from my own point of view ; the other gentlemen 
can speak for theirs, but. I may say the question is acute 
all over Scotland, and they will be able to tell you so. 
Well, there are four points that we wish to urge upon 
you. First, that you may send your scientific staff up 
to investigate the methods in operation, and to give an 
opinion as to what is the best possible means of puri- 
fication of our effluents and to establish some standard 
of purity. Second, that you urge upon the Government 
to promote legislation whereby application to a local 
authority manufacturers may compulsorily obtain 
land for purification works at a reasonable figure. 
Third, that you extend the recommendations in your 
third report to Scotland, so that the interests of the 
manufacturers as well as those of the landlords may be 
safeguarded by the appointment of a central authority. 
Fourth, we venture to suggest that you ask the Duke of 
Richmond and Gordon, Mr. Menzies of Arndilly, Mr. 
Findlay of Aberlour, and Mr. Grant of Elechies, and 
other proprietors to exchange views with you in order 
that some arrangement may be arrived at until such 
time as you can report. 


19737. Does any other member of the deputation wish 
to address the Commission :—(Mr. Grant.) I have got 
very little to say, sir. The only thing I should say after 
the exhaustive statement that Dr, Cowie has given you-— 
the only point I wish to talk about is entirely from a 
fisher’s point of view. I have fished the Spey fox 46 
years steadily every year, and in my opinion the effluents 
that are going into the river do not in any way hinder 
sport—not in the slightest. I have had experience; my 
father had the fishing below where this Dailuaine Dis- 
tillery is for 21 years; I fished it during his lifetime, 
and I had it for five years myself immediately below 
where the Dailuaine Distillery effluents were going into 
the river. I have seen the burnt ale coming into the 
top pool, and it ran down the side, but in the second 
pool the water ran to the side, and consequently the 
whole of that pool the burnt ale was distributed right 
over it, and I have killed many and many a hundred 
salmon in that pool when that effluent has been going 
down, 


19738. Do you suggest to us that pot-ale is an ex- 
cellent thing for improving the condition of the river for 
fisheries P—I do not say that it is an excellent thing for 
improving the condition of the river, but it does not 
hinder sport. That is my own personal experience after 
46 years. 


19739. (Sir Michael Foster.) Not only now does it not 
injure sport, but it hao not done so in past years?— 
Certainly not. 


19740. When your proportion vas not ©) good as it is 
at present ?—Certainly not. 


ROYAL COMMISSION ON SEWAGE DISPOSAL. a 


19741. (Major-General Carey.) On the other hand, you 
had not got the distilleries four years ago on the Spey, 
really ?—I had; you see, I am both a distiller and a 
fisherman. . 


19742. (Mr. Power.) What proportion does the effluent 
from the distilleries bear to the total water in the river 
at the point you are mentioning P—Oh, infinitesimal. 


19745. Infinitesimal as compared with the water in 
the river?-—Oh, certainly. The Spey is a very rapid 
river, and carries away everything. The pot-ale would 
simply go down the side, I fancy; probably a matter of 
10ft. or 12ft. would be where the pot-ale would come 
down into the river, and it would remain there unless 
the body of the river was striking against some other 
projection so as to mix it all up. Really the pot ale goes 
down the side. 


4 20e- (Sir William Ramsay.) Does it not froth ?— 
es. 


19744*. Does not that prevent you seeing your cast P— 
Certainly not. 


19745. (Sir Michael Foster.) Are your views shared by 
all fishermen who are fishing in the district—those who 
are not distillers, simply fishermen ?—The fact of the 
matter is this—that owing to the exhaustive net fishing, 
salmon have become very scarce. If you do not allow 
fish up to breed you cannot get fish. In my young days 
I have seen hundreds and hundreds of fish spawning, and 
now you will walk miles and not see a pair of spawning 
fish on the places where there used to be hundreds. For 
the last 10 years I have had the shooting of Glen Livet, 
where the Avon, the Livet, and all these streams which 
are admirably adapted for spawning fish are. While in 
_ my young days hundreds of fish were there, you will go 
and you will walk for a couple of hours without seeing a 
pair of spawning fish now, simply because thebrood of the 
fish are killed out by over-netting, so much so that the 
Duke of Richmond this year has taken off 74 miles of 
nets. 


19746. (Chairman.) It occurs to me, Mr, Grant, that 
it is scarcely worth while to press that, is it, because I 
think you yourself would not deny that pot-ale is in 
itself an evil in that beautiful stream; only you suggest 
to us that its volume is relatively so small to that of the 
stream itself that the damage that it may do is not 
very serious ?—It is not serious. 


19747. But I think you would probably agree. that 
damage of a sort there is. You cannot suggest that pot- 
ale is good for the stream in regard to the fisheries ?— 
It does not prevent fish-taking, and it does not kill fish. 


19748. I think we need not press that further, because 
you suggest to the Commission, which is possibly true, 
that the reduction in the number of fish may be due to 
other causes altogether than anything in connection with 
distilling ?—Certainly. 


19749. And, on the other hand, Dr. Cowie told us just 
now that the recent condition of the fisheries has been 
very good. I think he spoke about a record rod-fishing 
in the Spey, so that I think it is unnecessary to press 
that further. Do you wish to say anything to the Com- 
mission in regard to your own experience—for instance, 
as to the best way of dealing with the effluents from 
distilleries ?—After what Dr. Cowie has said I can add 
nothing. 


19750. Well, I will not press you for any further in- 
formation on the question of the fisheries. Does any 
other member of the deputation wish to add anything 
to what has been said by Dr. Cowie ?—(Mr. Fergusson.) 
I represent the South, and am the Chairman of the 
South, West, and East of Scotland Malt Distillers’ 
Association. I have been sent here because we wish 
along with the other deputies here, to represent the 
whole distilling industry of Scotland. I may say that in 
our Association this matter of bye-products does not 
affect us. Our distilleries are for the most part situated 
on the seaboard, and we get access to the sea for our 
refuse. We have some distilleries in the country, and 
we do not know the moment that we might require to 
joi with the rest in getting some decision arrived at 
about the impurity adopted in rivers. I would only 
back up what Dr. Cowie has said on this—that malt dis- 
tilling is the principal industry of the north of Scotland, 
and that it provides wages and employment to a great 
number of places which otherwise would be in abject 
poverty. Scotch whiskey is becoming a yery important 
stimulant. It is the most popular at the present moment 
of all stimulants, and it is supposed to be the most 
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wholesome. As these distillers are making the very best 
malt whiskev, they think it is rather hard that they 


. Should not be allowed to carry on the work without un- 


necessary obstruction. Dr. Cowie has said that they 
have no wish to adulterate the rivers; they will do 
everything science can suggest to make their effluents 
innocuous; but there seems to be something that 
will not precipitate and they cannot get quit 
of, and technically it is an adulteration. Well, I suppose 
they wish some latitude in that respect. I only wish to 
say, Mr. Chairman and Commissioners, that in our Asso- 
ciation we sympathise very much with the difficulty of 
our brethren in the north, and we would be very glad 
if some scientific basis could be arrived at which would 
prevent unnecessary litigation. 


19751. Mr. Fergusson, I gather from your observations 
that the distilleries in Scotland are centred mainly in 
three districts—on the Forth, the Clyde, and the 
Spey ?—On the Clyde—that is Campbelltown, of course. 


19752. And in regard to the Forth and the Clyde— 
those being large sea arms or tidal streams, the diffi- 
culty is not acute there, and therefore the Commisston 
may for the present concentrate their attention upon 
the acute difficulties on the Spey ?—That is so. 


19753. There is on that stream quite a large concen- 
tration of distilleries —Yes, 


19754. I see on the map a great number of red spots 
in that district P—Quite so. 


19755. And there is also a very beautiful stream 
which has great fishing value?—Yes, 


19756. And therefore really that is an acute spot 
which we must direct attention to?—That is so. 


19757. Now, Dr. Cowie, you have referred to the 
work which has already been done which some of the 
Commissioners had the advantage of seeing when they 
visited Scotland last year. We should be interested 
in knowing to what extent progress has been. made 
since then. I gather, in the first instance, distillers, 
like most other manufacturers, were by no means keen 
to purify their trade effluents; they possibly allowed 
the matter to drift on too long until the condition 
became extremely acute. That may be to some extent 
the cause of their present difficulty, but we did see 
when we were there several honest attempts at dealing 
with this difficulty, and those were mainly in three 
directions. One was in the direction of purification 
by means of successive passages .over contact beds— 
as many, if I remember right, as eight in one case ?— 
(Dr. Cowie.) Yes. 


19758. Another direction was the evaporation of the 
pot-ale which was kept separate from other effluents, 
which may be less difficult to deal with ?—Yes. 


19759. And finally, in one case we saw the mixture 
of the distillery effluent with the domestic sewage, 
which was attempted to be dealt with by the munici- 
pality at Rothes. Well, I cannot say that we were 
struck with the great success in any of these cases, with 
the results obtained, except in connection with evapora- 
tion where clearly the success was complete, inasmuch 
as the effluent disappeared altogether, and in one par. 
ticular case—I think it was the case of the Glendallan 
Distillery—we found there also that the effluent dis- 
appeared altogether, because after being dealt with 
upon contact beds the filtrate from the beds was 
pumped to a plateau on the top of a hill, and there dis- 
tributed over a large area of land, so that none has 
reached the stream at all?—That was at Coleburn 
Distillery. 


19760. Was that Coleburn Distillery ; I dare say you 
are right there P—At Glendullan they evaporate simply. 


19761. That was so; it was at the Coleburn Distillery 
that they pumped to the top of a hill; and, therefore, 
there was no effluent; and, therefore, the result was 
absolute perfection. You cannot get beyond that. 
In the cases where you had evaporation there also the 
effluent disappeared; but the whole difficulty then 
arose in connection with the residual matters, either 
syrup in the case where there was only partial evapora- 
tion, or a manurial ash which was produced where there 
was complete burning ?—Yes. 

19762. Now you have spoken to us about the objec- 
tion which has arisen in connection with the burning ; 
an objection in connection with bad smells arising from 
the burning 7—Yes. 
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19763. Now are you able briefly to inform. the Com- 
mission what progress, if any, has been made in these 
three directions since the Commission visited Scotland 
last year? For instance, in your own distillery we 
saw a very complete arrangement of contact beds—I 
think seven at one time ?—Seven. 

19764. You were proposing to put an eighth ?—Yes. 

19765. And you obtained results which were a very 
obvious improvement on the original effluent that went 
to the beds, but a result which I think you also thought 
was scarcely good enough to be turned into the stream. 
You were proposing then to make some further experi- 
ments ; possibly you may have something to say to us 
in regard to them. These matters would guide the 
Commission somewhat in the decision they will have to 
come to?—In the autumn I went to see some purifica- 
tion works with Mr. Frye and Mr. Willis, and as the 
result I put up a continuous filter, which has mate- 
rially improved the effluent. 

19766. At your own works?—At my own works, yes. 


19767. With what previous treatment ?—TFirst pass- 
ing it through a sludging compartment, then over a 
bed consisting of limestone, after this ponding it in 
seven contact beds, and passing it over a Whitaker 
Tower. This is our present treatment, and it is giving 
excellent results. We tried continuous filtration in 


the contact beds, with tipping spouts, but it did not. 


answer in my case. We had great difficulty with the 
distributor on the continuous filter; it silted up, and 
did not work. The local plumber has invented a very 
efficient distributor; it consists of a circular copper 
plate, which is perforated ; on this plate are soldered, 
radiating from the centre, perpendicular strips of cop- 
per ; on this two jets of effluent are made to impinge, 
which results in a uniform spray being distributed 
over the filter by the rotation of the plate. The plate 
is about 4ft. above the surface of the bed. I think 
this distributor would be useful for sewage as well 
as for distillery effluent. We have found that the 
trouble in our contact beds has arisen from yeast cells 
propagating when the lactic acid in the pot-ale has 
become considerably neutralised ; this takes place in 
from two to three contacts, and, as a rule, in the fifth 
or sixth contact we have a neutral effluent. I may 
tell the Commission that experiments are at present 
being carried out in the cultivation of yeast in treated 
pot-ale on these lines, and, I believe, with consider- 
able success, but they are not sufficiently advanced 
for me to say anything about them. 


19768. (Sir Michael Foster.) Do you mean with the 
view to propagate yeast?—To propagate yeast. 

19769. Simply for the propagation of the yeast or 
with regard to fermentation?—To get yeast we must 
have fermentation. 

19770. Not for the carrying on of fermentation, 
simply to get a sort of yeast?—The saccharometer 
shows about 25 to 50 per cent. of spirit more than is 
obtained by distillation; there must, therefore, be a 
certain amount of spirit in pot-ale in some form ; this 
we rely upon for the propagation of the yeast. 

19771. Is there any fermentable substance left in 
the pot-ale; any large amount ’—Nothing has been 
found so far to deal with it. Then we have also adopted 
another system—Dr. Hunter’s system. He boils the 
pot-ale with lime, and then adds the acid phosphate of 
lime, which produces a clear effluent and a flocculent 
precipitate, which goes rapidly to the bottom. 

19772. (Chairman.) We are anxious quite to under- 
stand that. Did I understand, Dr. Cowie, in regard 
to your earker observations as to the changes which 
have been carried on at your works since we visited 


them that you have been adding to the eight contacts — 


a percolating bed ?—Yes, 

19773. And did I gather further that you found no 
great advantage after four contacts, because then evils 
began to arise ?—No, sir ; I stated that the yeast formed. 

19774. Yes, but you obtained alkalinity after four 
contacts ?—After five or six contacts. 

19775. Then is it suggested that if for the last four 
contacts you substitute percolating beds possibly some 
advantage would arise?—We tried that at my dis- 
tillery. 

19776. And with what result?/The result was not 
satisfactory at my distillery, but at Dailuaine Distil- 


lery they are getting an excellent effluent by con- 
tinuous filtration. 
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19777. (Mr. Power.) Without any contact previously ? 
—Without any contact previously. 


19778. (Chairman.) In that case you have some sort 
of settlement by lime or otherwise?—There is no set- 
tlement; they are to adopt this settlement by lime. 


19779. In the case you referred to in answer to 
Mr. Power just now, is there simply the passage of the 
crude liquor upon the percolating bed ?—Upon the per- 
colating bed, yes. . 

19780. And the results are better than contact beds? 
—They are there; but I do not find it so in my beds. 


19781. In that particular instance fair results have 
been obtained ?—A better result hag been obtained. 


19782. What kind of a result; was there absence of 
acidity ?—Oh, absolute absence of acidity. 


19783. You get a neutral effluent?—A neutral 
effluent. 


19784. And with what reduction of impurities ?— 
(Mr, Mustard.) That is a most extraordinary thing ; 
we cannot explain it. 


19785. The secretary says you cannot explain it. 
I would like to know whether Dr. Cowie can say why 
it has succeeded in that particular case, and not in his 
own. Is there anything very different in the character 
of the liquid being dealt with?—(Dr. Cowie.) I think 
the liquor they were using was very much more dilute 
than the liquor I was passing over my beds ; I think 
that is the secret of.their success. 


19786. Do you think that dilution would considerably 
assist the filtration?—I am satisfied that is so, and 
we are diluting more now. 


19787. (Sir Michael Foster.) And getting better 
results ?—Better results; yes. 


19788. You do not get the growth of the yeast in your 
percolating beds?—Not so much the growth of the 
yeast ; we have got the sludging tank, which takes it 
out a good deal. This process of boiling with lime . 
will absolutely destroy all the yeast cells. 


19789. (Chairman.) That ig rather an interesting 
direction for us to inquire into. The first process of 
treatment by lime or some other chemical matter has 
been carried out on a practical scale at your works ?— 
No, at Mr. Thorne’s works at Aberlour. 


19790. Can he, or will you, give us any data in regard 
to the results obtained ?—He will be able to speak to it, 
I expect. 


19791. Can you, sir, give us the results which have 
been obtained by first a process of chemical treat- 
ment and sedimentation, followed by a process of fil- 
tration?—(Mr. Thorne.) I have our architect here; 
unfortunately the director of our company, who has 
looked after Aberlour, has just died, and although I 
am chairman I am not so well up in these matters as 
he was. Our architect, Mr. Doig, happens to be here ; 
I am sure he will be very glad to give the information 
required at once. 


19792. Can you give us the results which have been 
obtained in that experiment?—-(Mr. Doig.) I cannot 
give you an analysis, 

19795. Tell us what the experiment is?—The experi- 
ment is, first, you boil the pot-ale, and likewise the 
washings from the tun-room—the yeast washings—and 
on boiling you add a certain proportion of lime. 

19794. (Sir William Ramsay.) To the boiling liquor? 
—To the boiling liquor. 

19795. (Chairman.) You do not mean boiling with a 
view to evaporation, simply with a view to heating ?— 
Yes, simply with regard to heating, and afterwards you 
add a little superphosphate. Then, of course, it de- 
posits very quickly. Then, in about a quarter of an 
hour, you will have a complete deposit. Then the 
sludge is taken away, and the supernatant liquor run 
off and mixed with the steep water washings, and 
other effluents, and put through a series of contact 
beds—seven contact beds—six of clinker and one of 
sand. 


19796. With what result ?—Well the effluent is very 
good. (Dr. Cowie.) This process, Colonel Harding, has 
only been going about a couple of months. (Mr. Doig.) 
About a couple of months. (Mr. Mustard.) Hardly so 
much—since January, about the middle of January, so 
that it really has not, so far, had a long enough trial 
to enable us to speak very distinctly about it, but we 
will send you the results. 
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19797. Does your experience go to show, with regard 
to the treatment of waste from the distilleries, that it is 
probably advantageous to first of all treat it in some 
way with a view to sedimentation?—{Dr. Cowie.) That 
is my opinion. 

19798. And then to deal with it over fewer contacts 
than have hitherto been attempted, or by percolating 
filters ’—I would be inclined to do fewer contacts now 
from my experience, and put on a percolating filter in 
the end—a good big percolating filter, I think. 

- 19799. Then are you of opinion that progress is being 
' made in connection with the treatment of these waste 
liquors by those means ?—TI am satisfied that that is so. 


19800. Are you able to tell us mow in regard to the 
process of evaporation that we then saw? It was sug- 
gested to us then that these processes, which, of course, 
inasmuch as they evaporated the effluents, were per- 
fectly effective from the polluting point of view ?—Quite. 


19800-1. That these would be successful if it were pos- 
sible to dispose of the residual matters, the syrup, or the 
ash. Can you tell us anything further as to whether 
the hopes that were held out to us in regard to the sale 
of these by-products have been fulfilled ?—You remem- 
ber seeing, the last works you saw, where they were 
making the cattle food ; that company is now in liquid- 
ation. 


19802. And what about the Glendullan?—I under- 
stand they have considerable difficulty in getting rid 
of their syrup. There is no outlet forit. I see it lying 
there in large quantities. 

19803. With regard to the ash ?—With regard to the 
ash, Mr. Robertson is here ; he will speak of it himself. 

19804. What success have you had in disposing of the 
ash which wags produced by the complete drying up 
of the syrup ?(Mr. Robertson.) Well, Mr. Chairman, 
we had some difficulty ; in fact, we still have; but it 
is a new thing, and it is very difficult to get the manure 
trade to take it on and look at it, although they are 
satisfied that there is a beneficial analysis. What we 
are always met with is the remark, “ Well, analysis is 
not practice.” And, of course, we expect to be able 
to make something out of this, to get some return ; but 
the expense, so far as we have found, of working -this 
evaporating plant will, I think, be prohibitive for the 
small distillery to undertake it, unless we can show 
something better than we are now in our return. 

19805. (Sir Michael Foster.) What is the main com- 
position of your ash produce? What are the striking 
constituents ?—Potash ; there is about 5 to 6 per cent. 
I think about 7 t60 8 per cent. of ammonia, and a cer- 
tain amount of phosphate. 


19806. How much phosphate ?—From 15 to 16 per 
cent. phosphate. 

19807. A large amount!—Well, we were told by 
the expert that analysed that it is very good, but when 
you go to sell the by-product—well, to make a market 
is the difficulty. We may be able to do that in time, 
but, as we are only producing a very small quantity at 
one distillery, it is not large enough to make a trade, if 
I may say. 

- 19808. (Chairman.) You are in the midst of an agri- 
cultural district ?—-Yes. 

19809. You say you have not been able to persuade 
the agriculturists in your district to take this /~Well, 
we do not get what we consider the full value. for it. 
you see; that is our difficulty just now. 

19810. You can get a price for it?—Yes, £5 to £6 
per ton. 

19811. But not a sufficiently high price to make a 
profit +I do not say, even though we got the analytical 
value of it, we would make a profit. 

19812. We may take it the amount of this ash is so 
small there would be no difficulty in getting rid of it at 
a price, or getting rid of it without selling?—Oh, we 
could get rid of it. It is not “ash,” but dried residue. 

19815. And the whole question of cost would turn on 
the cost of the process itself ?—Yes, 

19814. Is the process very expensive /—Yes. 
- 19815. You suggest that it is?—~Yes, I do, and, know- 
ing what I know about distilling, if a distillery had to 
go into this process that we have at Tamdhu just-now, he 
would want, what I think Dr. Cowie has emphasised so 
much in his statement, and which I thoroughly endorse 
myself, some assurance if he spends £4,000, and, per- 
haps, on a big distillery like Dailuaine, it would mean 


a great deal more, if he went in for that sort of thing ; he 
would want some assurance that he was not going to be 
pulled up over smell through the chimney. We have 
been hampered in that way. 


19816. Well, tell us what your difficulty has been in 
that respect; have you been pulled up; has any inter- 
dict been sought against you /—Oh, no ; we have not got 
that length yet, but we are threatened. 


19817. What is the nature of the complaint that has 
been made?—That we are polluting the air by the 
smell in drying this residue. 


19818. Does it pass into a chimney ?—It goes up the 
ordinary chimney stack. 


19819. What is the height of it ?—140ft. 


19820. And is it alleged that this may be smelt in 
the neighbourhood ?—Oh, yes, it is the complaint of 
the tenant of one of the fishings on the River Spey 
that when the wind is in that direction it blows towards 
his house. That is the complaint made by the Laird 
which he received from his tenant. 


19821. (Sir Michael Foster.) Is it in the drying ?—It 
is not in the evaporation, of course, but in the burning 
We have tried to obviate the burning as much as pos- 
sible by reducing the heat in the flues. We found that 
the heat was so great that we were burning it, and if 
we were burning it we lost so much of the valuable nitro- 
genuous constituents in the result at the end of the 
week, and we also made the smell, which, I admit, is 
objectionable altogether. It is a pretty strong smell, 
and why it is objectionable I cannot tell you. I do not 
know anything about the analytical part of it at all. 
; know that there are certain acids driven off by this 
reat. 


19822. Have you tried various methods of heating and 
drying, or only one?—What we want to do is to make 
use of the waste heat from the boiler furnace. Unless 
we do that there is no advantage. If we cannot use the 
waste heat, then the process is absolutely no use, because 
We require so many tons of coal now a week ; unless we 
make use of the waste heat it would-take a coal pit. 
(Dr. Cowie.) It would be as well that the Commission 
should know that coal costs £1 a ton in our district. 
(Mr. Robertson.) Yes, just about that just now. 


19823. (Chairman.) You have a great deal of waste 
heat, which you claim you can utilise in drying this?— 
Oh, yes; the difficulty in taking the waste heat along 
the flue is to avoid burning this syrup when it is being 
dried. 


19824. You think, then, that the slower drying of the 
syrup would be better ?—Yes. 


19825. You are not without hope of being able to ac- 
complish that by experience ?—No, I am not, so far as 
we are concerned. 


19826. Then, as regards your process, you have 
reached this stage that you have ceased to pollute the 
Spey altogether ?—Yes, so far as regards burnt ale. 


19827. So far as fishing rights are concerned, nobody 
can make a complaint of you at all?—I do not know 
about that. At the last interview we had on this ques- 
tion at the distillery, the remark of one of the riparian 
proprietors to me was, “ Well, you have got on so far, 
but you have always got the steep water and the wash- 
ings and the spent lees to deal with, and you will have 
to deal with these some day.” Well, we claim that 
there is no pollution by these other effluents. 

19828. I understand there are two sides to this ques- 
tion ; one is the question of the pot-ale, and in that par- 
ticular ‘case you do away with the effluents and reduce 
pot-ale to absolute ash; and in regard to the other 
branch of the work, what are you doing? You suggest 
that these effluents are not polluting, but probably 
there is a difference of opinion upon that?—yYes. 


19829. But probably those effluents would not offer 
any insuperable difficulty, would they ?—No, 

19830. They are very much easier to deal with ?—We 
throw them on the waste ground that we have now ; 
we pump them on; we have to pump them across the 
railway on to this waste ground, and we let them find 
their way. 

19831. It percolates into the neighbouring ground ?--- 
Yes ; we have had no complaint of that as yet. 

19832. You anticipate that ultimately the effluents 
will appear in the stream ?—No, I do not think so ; I do 
not think it would pollute. 
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19833. By evaporation you get rid of it?—We could 
never evaporate these other efliuents ; the dissolved in- 
gredients of these matters are iso small, as compared to 
burnt ale ; the polluting value is so small. 

19854. At the present moment the result of this per- 
eolation, so far as the stream is concerned, is nil; it 
does not reach the stream?—It, perhaps, has not had 
time to come through. 

19835. You foresee that it may come through ?—Yes, 
it may appear. We are told by the experts that if we 
dilute these enough they will never pollute. 

19836. Do you suggest that the natural dilution of 
the stream is the only cure?—That we ought to be 
allowed to put them into the stream; our Laird asks 
us not to do it; therefore we put it on to the waste 
ground, 

19837. (Sir William Ramsay.) Deprived of all the 
obnoxious ingredients, it may go into the stream re- 
lieved of these ?—It may. 

19838. (Chairman.) You think it may reach the 
stream ultimately, but you think it will be in a safely 
purified condition ?—Yes. 


19839. That is what you want us to understand ?~In 
fact, not only so, if we were allowed to dilute that pro- 
perly and put it into the stream it would not do any 
harm. 


19840. Of the two classes of effluents, clearly the 
pot-ale is the difficulty; the other is a minor difficulty 
which can be met in various ways?—Yes, that is our 
own opinion, and that is why we went in for evaporation, 
whereas the others are experimenting—and we are sim- 
ply experimenting, too, for that matter, because it is 
a loss from year to year, and a serious one. (Mr. 
Mustard.) It is an establishment involving an expendi- 
ture of many thousands of pounds. 


19841. I want to ask Dr. Cowie a, question or two. 
You told us just now that the deputation represented 
the distillers of Scotland, and you spoke to us of the 
vast capital that was involved in that industry. Has 
any attempt been made by these associations as such 
to deal with this question ; has this rich body of dis- 
tillers engaged any experts to study this matter for 
them, and to carry out experiments for them ?—(Dr. 
Cowie.) Yes, we have engaged experts and paid large 
fees—several large fees. 


19842. Where are the experiments being carried out? 
Are experiments being carried out at the cost of the 
association ?—Not at the cost of the association. (Mr. 
Mustard.) Oh, dear me, Dr. Cowie, we have paid sums 
of money over and over again through the association 


19843. For the purpose of carrying out experiments? 
—Experiments without any result whatever; do no} 
disguise the thing. 


19844. Your secretary says' that the experiments which 
have been made, I understand, at the expense of the 
association have resulted ’—In nothing. 


_ 19845. In showing that nothing can be done ?~+That 
is so. (Dr. Cowie.) That is so. 


19846. But do you suggest to the Commission that 
that is the result of the experiments which, either on 
behalf of these distillers as an association or on behalf 
of individual] distillers, have been carried on, that they 
have given no better results ?—That is sc. 7 


19847. That there is no hope whatever of dealing 
with this matter?—I do not say no hope 


19848. (Sir Michael Foster.) Then do you think we 
can deal with it; do you think that our experts can 
do what your experts have failed to do *—Well, we 
think we can get a good deal of guidance from you. 


19849. But surely we are misunderstanding each 
other, are we not?—We must be, I think. 


19850. (Chairman.) You said some of the experiments 
you had undertaken were rather promising ?—Yes. 


19851. Your secretary tells us that all these experi- 
ments which have been carried out on behalf of these 
associations have been utter failures ?—(Mr. Mustard.) 
That is so, Mr. Chairman; on behalf of the associa- 
tion, but Dr. Cowie told you outside the association. 


_ 19852. We are to understand that whereas the asso- 
clation experiments have failed, individual experi- 
ments in certain cases have proved hopeful ?—Exactly. 
What Dr. Cowie told you about was not an association 
experiment. 





still at nearly boiling point. 


19853. Then I return to the question of the associa- 
tion ; as it appears to us—or to me, I do not speak for 
my colleagues in this matter—it does appear to me 
that where you have an exceedingly powerful organisa- 
tion of this kind, and where you have a difficulty to © 
deal with, which is at once very great, and which you 
all keenly appreciate, that clearly some attempt ought 
to be made by the distillers as a body to endeavour 
to solve this difficulty for the benefit of the individual 
distillers ; has nothing been done ?—(Dr. Cowie.) Well, 
all those works are being put up and worked, you 
know. 

19854. But are they worked at the expense of the 
individual distiller ?—At the expense of the individual 
distiller; but we have had advice from eminent 
chemists, to whom large sums have been paid by the 
association as an association. 

19855. The suggestion, I gather, is rather that this 
Commission should employ its experts to find out for 
the Distilleries’ Association what is the best way of 
dealing with these matters?—Well, the suggestion 
that we have come here to make is that we should get. 
an official pronouncement of what is the best possible 
means of dealing with our works; that you should 
make these observations on the same lines as you are 
at present doing at the various stations in England. If 
understand that at present you have certain places under 
observation in England. 

19856. Yes, just as we have under observation the 
various experiments that you are carrying out on the 
Spey ?—Yes. 

19857. But I am afraid this Commission cannot 
recognise as part of its direct business that they shall 
tell the distillers the best way of carrying on their 
business. We are prepared to investigate these pro- 
cesses, and to see which of them show advantages and. 
which do not, and to express an opinion at the close of 
our investigations ; what I think I feel in the matter 
is that the main ‘business lies with the distillers them- 
selves to find out a solution of their difficulty. Any 
assistance that this Commission can give them they 
will readily give, but the main business must be 
carried out by the distillers themselves /—We are carry- 
ing on these experiments at present. There are several 
mew processes being tried since your last visit. Mr. 
Russell Duncan, has a plant at Craigellachie Distillery ;. 
there is also an oxi-chloride process being tried. 

19858. (Sir Michael Foster.) At the instance of the 
individual distillers ?—At the instance of the individual 
distillers. 

19859. I rather conclude from what you have said 
that the money which the association has spent has. 
been rather the payment of fees for advice to eminent 
chemists than for direct experiments in this case ?— 
That is so. 

19860. What Colonel Harding was inquiring was 
whether these associations had not carried on experi- 
mental investigations of the kind that you are ze) 
us to do?—Well, I only wanted you to come up an 
observe and see, and report on what we were doing. 
We do not come here asking you to make experiments: 
for us; and if your experts suggested any experiments. 
every distiller would be only too willing to carry them. 
out at his own expense. We do not ask you to do any- 
thing of that sort; we simply come here asking for 
advice and guidance. 

19861. (Chairman.) I think we gather then, generally, 
from the information that has been put before us, that. 
the distillers are now perfectly aware that they must 
make an attempt to reduce the pollution, that they are 
making serious attempts in various directions, some of 
which are at present fairly hopeful ; apparently, they 
think a certain time must be given to them to ciITy 
out these experiments; is that the position ?—That is 
the position. 

19862. (Sir William Ramsay.) I understand Dr. 
McGowan has been corresponding with you ?—Yes. 

19863. And he has been producing a perfectly good. 
effluent by liming the pot-ale and filtering it ?—Yes. 

19864. Could that not be tried on a large scale to see 
if it will work as admirably as in the experiment ?—That 
is being tried. 

19865. By yourself?—No. Well it is practically the 
same thing at Aberlour. After the pot-ale is boiled’ 
with lime till it is faintly alkaline, then the super- 
phosphate of lime is added till it is faintly acid. 

19866. It does not boil?—It is discharged from the- 
If you try the experiment. 
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with pot-ale you will find it comes down much more 
rapidly, and that the precipitate is much heavier than 
that produced by adding the milk of lime alone. 

19867.. It is costly to boil it ; it runs out hot ?—It only 

requires a little steam to boil it. It is discharged from 
the still at a temperature of about 190 deg. to 195 deg. 
Fahy. 
_ 19868. You would not let it cool’—Simply pump it 
direct into the precipitating tank, add ground lime to 
faint alkalinity, and then neutralise with phosphate of 
lime. 


19869. Phosphate and boil ?—Yes. 


19870. Would it not be possible to get that plan 
adopted all round, because itis an obvious one ?—Well, 
we want a little time to see how these things would do. 
That is the view of the gentlemen here ; as it is, we are 
being forced at the present time, and we have got to an 
- onvpasse. 

19871. Speaking on that subject, the judgment of the 
Court appeared to-be that you had had a considerable 
amount of time to look round you; the judgment was 
based on the fact, was it not, that you had had four or 
five years ?/—Well, that is so, I believe. 

19872. (Major-General Carey.) Practically nothing 
had been done?—In that particular case. The other 
cases in which they are being attacked ; for instance, in 
this case Mr. Robertson has told you about, they have 
spent £12,500 in this evaporator process experiment- 
ing; now they are likely to be shut up, because they 
arz polluting the air. We do not know what to do. 

19873. (Mr. Power.) Have the associations employed 
experts to pronounce on the relative value of the experi- 
ments the various distillers have carried out, or is each 
one left to experiment himself, and judge of the value 
of the effluent himself ?—Experts have been sent down 
by the Court in various cases, and we have seen their 
reports to the Court. 

19874. To see whether or not they satisfied certain 
conditions ?/—Yes. 

19875. (Sir William Ramsay.) They do not give you 
any advice what to do?—The great trouble is, we can- 
not get any indication from the riparian proprietors 
as to what they will be satisfied with. They say, “ We 
want you to put back pure water into the stream,” and 
anything short of that they will not accept. 

19876. (Sir Michael Foster.) Do I understand, Dr. 
Cowie, that either as individual distillers, or by means 
of the Association of Distillers, you are prepared still 
to carry on experimental investigations, with the view 
to seeing if your processes can be improved ?—Most cer- 
tainly. 

19877. You are prepared to spend a good dea! of 
money on that ?—Most certainly. 

19878. And all that you are asking the Commission 
is that, by means of our experts, we should from time 
to time give you, after inspections, criticisms and sug- 
gestions ?—That is what we come here for. 

19879. You do not wish us to carry on the investiga- 
tion ?—No, certainly not. 

19880. (Mr. Power.) Have you any reason to think 
that if very serious experiments are carried out, with 
the view to meeting this difficulty, time would not 
be given you by those who are opposing you at pie- 
sent to obtain these results from these experiments, and 
possibly the report of the Commissioners thereon ?—] 
think it would be only reasonable that these gentlemen 
should do so, if the Royal Commission asked them, 
and they were satisfied that these experiments were 
being carried on seriously, and that you were pre- 
pared to report, say, next year. 

19881. (Sir William Ramsay.) And you suggest that 
the riparian proprietors should be asked to confer with 
the Commission in regard to the whole matter ?—Yes. 

19882. (Major-General Carey.) Has the action of the 
riparian owners been directed against all distilleries 
wither they are doing anything, or whether they are 
doing nothing ?—Oh, yes, against all distilleries. 


19883. (Chairman.) There is just one point, Dr. 
Cowie ; do you know anything about certain experi- 
ments, either suggested or actually now being carried 
out, by Dr. Russell Duncan, at one of the distilleries 
at Craigellachie?—I understand that he had a demon- 
stration the other day on a small scale in Elgin, and 
I understand that at present there is some little hitch, 
that his machinery is not ready. We had hoped to 
have had Mr. Mackie, at whose distillery that experi- 


ment is being carried out, present here to-day, but py. Cowie. 


he has not been able to come. 
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cess, or are you at liberty to tell us?—I have no 
knowledge personally, but I hear he finishes up by 
electrolysis, and that he adds lime, and some other salt, 
and filters through some film that is produced, 


19885. At present neither you nor any of the gentle- 
men are able to say anything about the experiment ?— 
(Mr. Robertson.) I have seen the plans of his machinery, 
but I am not sufficiently expert—I might be able to 
answer some questions upon it, but I could not describe 
it. 


19886. We will not endeavour to get any information 
upon it until the experimenting is in a more forward 
state ’—I think, in Craigellachie, he has not begun to 
run yet, but they are taking it up very seriously. The 
directors are certainly going to give him every facility. 
They do not object to spend money in order to try 
and arrive at the practical outcome of this process, but 
I cannot explain the process, though I have seen it. 


19887. (Mr. Power.) Is the experiment on something 
more than a laboratory scale; is it on a large scale?— 
I understand it is to cure the output of the distillery 
altogether. He hag done it under certain guarantees, 
and the distillers have granted him several .mounts, I 
understand. 


19888. (Sir Michael Foster.) At the expense of that 
particular distillery ?—They have granted him certain 
expenses, and they will pay him so much if he will cure ; 
I do not know what the arrangement is, but I know it 
is a mutual arrangement between them. 


19889. (Chairman.) Then, probably, much of the difii- 
culty, Dr. Cowie, has arisen in consequence of the dis- 
tillers having for a long time not recognised the neces- 
sity for dealing with their waste products?—Well, i 
think it was in 1896 that the question first came before 
distillers, and the history of the thing was this: Dis- 
tillers were then asked by riparian proprietors to 
do something, or they were told that they must 
carry out the provisions of the Public Health 
Act or the Rivers Pollution Act, which stated dis- 
tillers ‘shotld dig pits on their own ground, or 
as near as possible, for the settlement of the stuff before 
running it into any ditch. Thatwas done. That would 
be about 1898. Everybody had these sand-pits. The 
result was most disastrous. Whereas the burnt ale 
being put into the stream does not produce leptometus 
lacteus to any extent, this stuff, in percolating through 
the sand, although perfectly clear, had a most acid, acrid 
stench, and the streams were covered for miles down 
with this leptometus lacteus. Then it was obvious that 
would not do. The next thing was what was to be done 
with that ; so we began experimenting on various lines. 
That experiment that Mr. Robertson has been talking of 
has been going on, I think, since 1899. (Mr. Robertson.) 
Yes, 1899. (Dr. Cowie.) Since that time I have been 
experimenting on the other line, and, of course, it all 
takes a little time, and you have to turn round so often ; 
but I may say this to the Commission, that at every 
turn we have been driven further and further. The 
screw gets another turn, and we are now getting so 
tightened up, that we are at an impasse. You see from 
what you have heard to-day, that if you put 
the stuff into the stream without making it abso- 
lutely pure water, you are immediately attacked; 
if you. put it into the air by destruction it creates a 
smell. Then the landowners immediately say, “ You 
are polluting our grouse moors, and we cannot have 
that.” It is also very difficult for a manufacturer 
situated as I am, or as Major Grant, of Glengrant, in 
Rothes, to put up a plant of that sort, because of the 
smell coming across the village you will have interdicts 
fired at your head from every quarter. It is not as if 
we were in, a city where there is a number of chimneys 
and a number of smells, such as Manchester, but we 
are out in the country in pure air, and any little thing 
like that soon attracts the notice of anybody who hap- 
pens to come along. 


19890. (Sir Michael Foster.) I rather gather, Dr. 
Cowie, that no very distinct effort has been made to 
modify in any way by any contrivance the smell which 
comes from burning?—They have tried in every way 
possible by putting on subsidiary furnaces to modify this 
smell, but, so far, without any very satisfactory results. 
(Mr. Robertson.) We do not want to burn the stuff; 
we lose weight. We want to dry it. This is entirely 
new. 


Dr. Cowie. 
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19891. The smell is in the drying ?—In the drying. If 
it is burned there is a smell, but there can be no objec- 
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process, and that is the experiment we are making. 

19892. (Chairman.) No difficulty arises in the first 
evaporation process, reducing the waste products to the 
condition of syrup?—Yes, burnt-ale entirely ; we are not 
treating of these. 


19893. Up to that point no difficulty arises P—None 
whatever. 

19804. The steam arising does not cause smells; it is 
the final burning up of the syrup?—Yes; we are drying 
in vacuum, reducing in vacuum to syrup. 

19895. (Sir Michael Foster.) It is the drying process 
previous to incineration ?—Well, we have to run the 
syrup out into a vat. 

(Dr. Cowie.) To make it a manure, 

(Mr. Robertson.) We run it on to pans, and then run 
it on into a flue and let the heat pass over it; the waste 
heat from the furnace for driving the evaporators, heat- 
ing the evaporators. 

19896. (Chairman.) No evil arises from the first evapo- 
ration ?—None at. all; none whatever. 

19897. Have you tried experiments for the slower 
drying of the stuff into solid matter?—Yes. I think 
that means room, because the heat comes into the flue 
at a certain degree which would burn at. once. We 
have to carry the flue a long way, and then put into the 
flues. To dry that means room—a shed—an expense. 

19898. I admit these experiments at the expense of 
individual distillers are very serious things indeed P— 
They are indeed ; I can speak for ourselves. 

19899. The distillers of Scotland do not recognise the 
advisability of forming a fund to carry on on their 
general behalf serious experiments in this direction P— 
Yes, of course they are all doing something. E 

19900. (Sir Michael Foster.) That, I gather, has not 
been done ?—One distiller says, “ That is the way to do 
it”; another says, “ Well, I know it can be done in 
this way, if I just get enough time to carry out my 
experiments.’ Therefore it would be a little difficult 
for them to combine under these circumstances. (Mr. 
Grant.) Every distiller is so differently situated; it is 
impossible for distillers to combine to do things like that, 
because every distiller, owing to the situation of his 
distillery and one thing or another, must carry out really 

his own arrangements. If the distillers were all to- 
gether we could easily combine, but we are all differently 
situated on different points. 

19901. (Chairman.) Well, we can only 
formation on these points. We can 
for what it is worth your statement 
a combination is not possible? —I do 
so. (Mr. Robertson.) Take a distillery like Ben 
Rinnes, which-is six miles from a station—I am 
not quite sure, but the mileage is very serious; if they 
were to undertake evaporation, say, on the process that 
we are doing, well, the coal costs £1 now in order to get 
to Aberlour, and it is up hill the whole way. I dv not 
know what it would cost at the other end; anyhow they 
would hesitate to evaporate; they would have to use 
perhaps 10 tons a week, and they are only getting 3-5 
tons of bye-product. 

19902. I think, Dr. Cowie and gentlemen, it is not 
necessary to detain you further. The Commissioners 
have listened with much interest to the facts which you 
have put before them. It will probably be possible for 
the Commission to hear what the riparian owners may 
desire to put before them, and they will then have to 
consider the whole matter? —(Dr. Cowie.) I have to 
thank you, Colonel Harding, on |ehalf of the deputation. 
(Mr. Mustard.) Excuse me, Mr, Chairman ; there is one 
thing, which is a-very important thing—if we can get a 
standard of purity fixed for our effluent, suppose we get 
90 per cent.; we could purify up to 90 per cent. if we 
could put into the stream at 90 per cent. 

19903. Do I understand you to say that it would be a 
facility to you if some standard could be named P—Most 
certainly ; and mind you, Mr. Chairman, we are probably 
the most important manufacturers in Scotland. We 
cannot put that to you sufficiently strongly. We pay 
£15,000,000 to the Revenue every year— to the Impe- 
rial Revenue ; you cannot forget that. ; 

19904. Yes ; but what_really interests us is your obser- 
vation, Mr. Secretary, and that is this—that you think 
it possible to purify to the extent of 90 per cent. ?—We 
can purify up to 90 per cent., but we cannot put it into 
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the stream exactlv as river water—it is impossible; and 
if we are not allowed to do it we have got to stop our 
business, 

19905. The statement you make to us I take to be 
official, made in the presence of so many gentlemen ?— 
That is so. : 

19906. That you can see your way to purify your 
effluents up to 90 per cent. ?—That we can see our way 
to purify our effluents up to 90 per cent. ; is not that so, 
Mr. Doig? 

19907. I did not gather that from the answers. 


19908. (Sir Michael Foster.) By which of the various 
processes—by all of them?—No, I told you one—lime, 
phosphate of lime, and boiling up to 212 degrees, the 
bacteria beds, putting it through beds; that is the best 
effluent ever I have geen. — 

19909. (Chairman.) A chemical settlement following 
upon boiling ?—Boiling up to 212 degrees. 

19910. And then passage through bacterial beds ?— 
No, that after; through lime, superphosphate of lime, 
and bacterial beds, and you will have over 90 per cent, 
of purification. 

19911. (Sir Michael Foster.) I think your point, Mr. 
Secretary, is this—that if by any of the processes it 
can be shown that you can achieve a purification of 90 
per cent., the riparian owners ought to be content with 
that, and not insist on absolute purity ?—That is so, and 
for goodness’ sake let us have a friendly interview with 
them and keep us out of the Court of Session. 

19912. (Chairman.) Are we really to take it from you 
that you can so deal with it as practically to reduce the 


- impurities to 90 per cent. P—Yes, we can, 


19913. And that the distilleries are prepared to under- 


take the expense that may be necessary to obtain that 


90 per cent.?—I cannot guarantee anything. (Mr. 
Robertson.) In connection with burnt-ale, of course, I 
can safely guarantee this percentage. 

19914. (Sir Michael Foster.) Is Dr. Cowie able to 
guarantee a purification up to 90 per cent. /—(Dr. 
Cowie.) I do not quite understand what 90 per cent.. of 
purification means. I am not prepared to answer the 
question. 

19915. (Chairman.) You are referring to burnt ale ?—— 
Burnt ale, certainly. 

19916. I take it in regard to the other difficulties, 
the difficnlties would not be greater, but less?—(Mr. 
Robertson.) Oh, certainly ; that is, our own experiments 
have led us to come to that conclusion. (Dr. Cowie.} 
In this process that Mr. Mustard refers to, you add 
all your other effluents to cool the liquor—the super- 
natant liquor there, after precipitation. 

19917. (Sir Michael. Foster.) So that when you are 
dealing with burnt ale you are dealing with everything? 
—(Mr. Mustard.) Dealing with everything; you would. 
require to use all your other liquors to cool your boiling 
liquor. 

19918. (Chairman.) Where is your experiment being 
carried out?—~—You will see it at Aberlour, and you 
will see it at Mr. Thorne’s place, but we have not got 
the heating into Dailuaine just yet, but it will be in 
a fortnight. 

19919. Then you are not able as yet to give the Com- 
mission any definite data in regard to the result ?— 
(Mr. Mustard.) We will give you the samples, and I 
will guarantee to give you them within a week. I think 
at Dailuaine we must be precipitating up to 90 per 
cent.; precipitating in the tanks; this boiling process: 
is simply to ensure that precipitation. 

19920. You are satisfied from your knowledge of 
these experiments that you can reach the 90 per cent. 
degree ?—We believe our effluent is absolutely in- 
nocuous, but we do not know whether our opponents. 
are satisfied or not; they will not express an opinion. 
eae But you have 90 per cent. of purification ?— 
es. 

19922. And you are prepared to spend money to- 
get that 90 per cent. ?—We are prepared to spend any 
money. 

19923. (Sir William Ramsay.) Is there any market. 
for your sludge?—We are not precipitating by that 
process at present. (Dr. Cowie.) Like the recovery 
process, it is very easily dried, this sludge, and should’ 
be worth something, but the thing is too new to speak. 
much about it. The difficulty is that time is required. 
I have to thank the Commission for their courtesy in 
sooing us so early, and giving us such a patient: 

earing. 
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19924. (Chairman.) My Lord Duke and gentlemen, 
In the first place, itis our duty to thank you very much 
for your kindness in accepting our invitation to come 
before the Commission to-day, and I should wish to 
explain that a part of our reference imposes upon us the 
duty of investigating the disposal of trade effluents, and 
that our attention having been called to the question 
of distillery refuse in Scotland last year, some of our 
members visited Scotland, and, as a result of the visit, 
we came to the conclusion that the question was one of 
magnitude and difficulty, and that a great deal 
of consideration on our part would be necessary 
before we could make any report on the subject. 
Well, this consideration we shall undertake as soon, 
as we possibly can; that means, as soon as our 
officers are free from the occupations on which they are 
at the present moment engaged, and which we cannot 
very well interrupt. The next thing that happened was 
that early this year we received a request from the 
Scotch cistillers that we would receive a deputation on 
their behalf, who would be able to lay their views before 
us, and to this we agreed, and I believe that the report 
of what passed at that deputation has been sent to you? 
—(Duke of Richmond and Gordon.) Yes, we have had 


@ copy. 

19925. We understand that the position that the dis- 
tillers take up is that no one knows at this 
moment what: the best practicable means of purifica- 
tion are, but it is hoped that our investigations may 
settle this question, and the distillers argue that they 
should not spend money now in large amounts, because 
that money may prove, in the light of possible further 
knowledge, to have been thrown away ; in fact, to put it 
shortly, as far as I can make out, what they want is that 
the present state of things should be allowed to continue 
until our investigations have been completed, and we 
have reported what means are available and practicable 
for the purification of this refuse. In the meantime, 
they propose, at least I presume they do, that they 
should make such temporary arrangements as are neces- 
sary. Also, I understand that they are quite willing to 
carry out any experiments that we may suggest, and it 
is by their request that we have ventured to approach 
vou. I can only again say that we are very much 
obliged to you for your kindness in coming here, and 
that we shall listen with the greatest possible interest 
to any views that you may place before us ?—(Duke of 
Richmond and Gordon.) Perhaps I should say, first of 
all, that Sir Charles Logan (who represents the 


Countess Dowager of Seafield) and Sir George 
Macpherson Grant are unable to attend. They 


are neither of them very strong. I saw Sir George 
yesterday, and he said he would come if he could, but 
when I saw what the morning was, I felt convinced that 
he would not be able to come. Sir Charles Logan and 
I have been in correspondence, and I am justified in 
saying that although they are not here, they aro 
cognisant of my views, and are entirely in accord 
with them; so I think you may take it that 
although there are only four out of the six who 
were originally invited, they will confirm and 
stand by any statements that we make to-day. Well, 


6225 —Ap. I. 


then, first of all, perhaps it would be as well if you told 
us to what extent you want evidence from us as to the 
spawning facilities that exist on the Spey; I mean, 
whether you wish us to go into a description of the 
river, or simply to deal with the matter, taking that for 
granted that there is fishing in the Spey, and that 
spawning beds are a necessity to continue the breed, 
whether you wish us to give you any account of the con - 
dition of the river, or whether you simply wish us to 
deal with the statement put forward by the distillers, of 
which we have all had a copy. : 


19926. I think we may take the state of the river for 
granted. Some of our Commission have visited it?—1! 
believe some of the Commission have been north. 


19927. Yes?—Then, of course, the condition of the 
river, the formation of it, the spawning beds, and so 
forth, that, as a matter of fact, mobody cam gainsay. 
‘then there are one or two points that Mr. Grant would 
perhaps like to deal with himself, as they have occurred 
on his water ; Mr. Findlay, too, has one or two spawn- 
ing beds, which he would lke to mention, which he has 
been more immediately concerned in than I have; but 
I may say generally that the negotiations with the dis- 
tillers first commenced some years ago. I forget the 
actual date of the first communication that passed be- 
tween the proprietors and the distillers, but it was some 
ten or twelve years ago—something of that sort; I 
would not be sure of the year, but if you wish for that 
I can get all that for you. 

19928. Oh, no?—Then I need not go into detail, I 
daresay, of the number of distilleries which are on the 
river now, or the bushels of malt that they deal with 
every week. 

19929. No?—But I may make a general statement, 
that within the last ten or twelve years the number has 
enormously increased. Possibly some of the Commis- 
sioners who have been up there have got all those facts, 
but I think I cannot be too strong in pressing the 
fact that the increase has been beyond anything that 
was dreamt of. Well, there is a tributary of the Spey, 
the Fiddich, which runs to a great extent through my 
property, and some years ago that was one of the best 
spawning beds in the district; the fish went far up— 
[ have got a shooting lodge there—900ft. above the sea, 
and the fish used to go and spawn. there and 
beyond, winter after winter; they used to get 
as far up into the little river not much broader 
than this table; some of you may have seen. 
Well, now there is not a fish, there is not a fish 
of any sort or kind comes up there. When they leave 
the Spey, about the point of leaving the Spey, they are 
met face to face with this enormous mass of pollution, 
which comes out of the Fiddich itself, and the 
condition of the Fiddich itsel{—I should have 
liked some of the Commissioners to have seen, it in the 
summer time, in the spring time at any rate, when the 
water is low, the condition of absolute filth to which 
the distillers reduce it—slime and fungus through it 
from side to side. I am surprised that any fish get 
through it at all. Of course, when you get a heavy 
water or a big spate, or anything of that sort, thisi pol- 
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lution gets to a certain extent diluted. There is a cer- 
tain number of fish who will force their way through, 
but I do not think I am over-stating the case in saying 
that there is not one fish in the Fiddich now to fifty 
that there were ten years ago. 


19930. And the refuse discharged into your river 
has increased beyond all expectation?—Oh, yes, 
distillery after distillery went up. I suppose there 1s 
some special quality about the water there, which en- 
hances the quality of the whiskey, and they came drop- 
ping down, there one after another. Mr, Grant reminds 
me that not only the new ones arrived there but the 
enormous additions that were made to the buildings and 
the producing power of the old ones. Well, I men- 
tioned the Fiddich first, because I am more directly con- 
cerned in that as a spawning bed, but you may take 
it the same condition prevails on the Spey beds, especi- 
ally on Sir George Macpherson Grant’s property and 
on Mr. Findlay’s, and on Mr. Grant’s and on Lady 
Seafield’s waters. Those are all above the Fid- 
dich, and Sir Charles Logan would have told 
you, but Mr. Grant will tell you, that the spawning 
beds on his property used to be notorious for holding 
spawning fish in the breeding season, and now the difti- 
culty is to find a pair there at all. “Well, I should like 
to mention a point—certainly it is only inferential you 
may say, but I think it is not an unfair inference to 
draw—that fish will not face this enormous mass of pol 
Intion which comes down-the river. in the last few 
years the number of fish that: spawned in my water— 
that: is to say, the last seven or eight miles of the river 
down. to the sea—has enormously increased.~ I -could 
not tell you the actual increase, but you will see. the 
spawning beds: There are fish'now which spawn down 
to within a quarter of a mile of the tide, which comes 
a little way into the river. It does not really come 
into the river, but it rather backs the river up. Well, 
the number of fish which spawn down, in the lower 
reaches now is far in excess of anything that was there 
before the pollution, and this increase has been con- 
temporaneous with the increase of the distilleries and 
the consequent pollution which they put into the river ; 
and I do not think it is an unreasonable inference to 
draw that the fish find the river in such a‘state that 
their nature rebels against trying to force their way 
through all this pollution, ‘and they have stopped and 


‘spawned in the first place that they can. There is an 


idea that you cannot make good whiskey in hot weather, 
at any rate, distilleries’ must shut down for 
a certain time in the summer for cleaning out 
purposes, and then they start full blast immediately 
after the harvest, when the first of the barley croy 
becomes available, and I suppose the distilleries ari 
worked at their heaviest about the month of Novembet. 
and that is the time in ordinary years there is a very 
large number of fish which would be trying to fore 
their way on up to the spawning grounds. Conse- 
quently, those fish which now spawn down. below are 
the fish which, I think, if the river was in the proper 
condition, would have gone further on.. And I may 
mention, too, thait with regard to that—of course, I 
know it is not a very strong argument, this one that 
Iam putting forward, but I think it is a fair inference 
to draw as suggesting the amount of damage that pol- 
Jution does—I should say that the spawning beds on 
the lower reaches of the river are far less productive 
for the number of eggs deposited than those higher up. 
And for this reason: that the lower pools of ,the last 
three or four miles of the river are much shallower, 
the whole bed of the river down there is very much 
higher up than it is further up the river, and there 
are no retaining banks—the river may be here 
to-day and 150 yards further east or west in a 
couple of months’ time, and those lower spawning 
beds are very much more liable to damage for that 
reason from spates than those further up the river. I 
should like the Commission just to take a note of it, 
although I admit the argument is not a very strong one, 
perhaps, ‘but: I think it is a fair inference to be drawn. 
Then there is no question but the pollution of the river 
affects the rod fishing. I. do not go so far.as to say 
that it will kill mature fish, but from the experiments 
that we have fried it will kill the young fish, the fish 
shortly after they are hatched. It kills them. I think 
you have a case quoted here? (Mr. Grant.) Yes. 
(Duke of Richmond and Gordon.) We have carried 
out experiments taking specimens of the water from 
below the distilleries, from below where the distilleries 
put them in; we have taken that down to our hatchery, 


_to side with patches of froth, and in some ¢ 


-could, 
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where we hatch out about 800,000 or 900,000 eggs every 
year, and putting the young fish in, in some cases they 
died after two or three minutes. It is not a question 
of the water which we took having been kept and have 
staled in any way, but it has been taken at once from — 
the river to the hatchery, the young fish have been 
taken out, and there they have died right away; they 
made no effort, and if that. happens in such a case as 
that, I think it stands to reason that the same process 
must be going on wherever there is a spawning bed in 
the vicinity of an output from a distillery. Well, if 
any of the Commissioners were fortunate enough to see 
the deposit that is left from the pollution which is put 
in by the distilleries 1 think that they would be very 
much astonished; I am not eware that any of them 
have, but down below me—and I am seven miles, I sup- 
pose—the point I am speaking of is some six 
miles, at any rate, from the nearest distillery—you 
see the stuff coming down the river, and it will settle 
m eddies, and wherever there is a slack corner, and 
wherever the river goes back, it leaves a foul black 
shime. Now that happens miles and miles, mind you. 
six miles away from the nearest point where it is put 
into the river, and that must be surely far more dele- 
terious in the neighbourhood of the distilleries than it 
is at the point I am speaking of. It comes down in 
various shapes, in various forms; I have no knowledge 
of chemistry, so I cannot explain the component parts 
of it, but it comes down in various shapes and forms ; 
it comes down sometimes in the shape of a white froth, 
and many, many times when I have started out on the 
river fishing I have arrived there, and I have said, 
“Well, it is no use fishing to-day; the river is white 
from side to side ;” you see the river covered from side 
froth 
coming down in pieces as large asa hat-box, for instance. 
19931. (Sir. William Ramsay.) Are you speaking of 
the Spey or the Fiddich ?—The Spey, oh, yes ; and was 
just going to say: anoG. 4s 


19932. (Colonel Harding.) Is the observation of the 





“Duke referring to the present time or some distant 


time ?—Oh, last autumn and this spring. (Mr. Menzies.) 
This spring too. 

19933. This is ‘a recent observation ?—Yes, this spring. 
(Duke of Richmond and Gordon.) I can guarantee you 
can see it there to-day. (Mr. Menzies.) I am sure you 
(Duke of Richmond and Gordon.) But Iam not 
putting this forward merely on the sporting ground; 
it is a far more serious: matter to us than the fact that 
I or my three friends here are not able toienjoy a day’s 
fishing ourselves. A continuation of this is bound to 
have a very serious eftect upon the.value of our pro- 
perty.. There are many people who are fond of salmon 
fishing, and who will give a good deal of money for it, 
but if this condition of things on the Spey is to con- 
tinue, unless ‘something is done it must get worse, and 
the value of our fishing properties will be very preju- 
dicially affected. And on that point I may say that 
we feel rather sore about this, because we have had to 
spend for some years past, year after year, very con- 
siderable sums of money—for what? Simply to pre- 
serve our property to ourselves, the injury to which is 
being caused by the distillers who have started all these 
enormous works, and we were there before they were, 
and our contention is that they have no right to come 
down and not only injure our property for the moment, 
but it is a thing of this sort, if some check is not put 
upon a thing of this sort, the permanent value of the 
place will be more prejudicially affected than it is for 
the moment, because as the pollution goes on the river 
gots worse and worse, and worse and worse, and the 
prospects of any value attaching to it become more 
remote. It is mainly on those grounds that we com. 
plain of the pollution being put into the river. I think 
your Lordship said—I understood you to say—that later 
on your experts were going to.take up the actual ques- 
tion of the component parts of the pollution. 

19934. (Chairman.) Quite so.—So I need not bother 
you with that. Well, then, the point that we feel 
strongly upon is this, that we have been, we consider, 
patient beyond words in the action that we have taken 
against the distillers, I told you when I began my 
remarks that it was some years ago that we first took 
any steps, and we have been met by various pleas put 
forward by the distillers. Some of them have said, 
“Oh, we are-very sorry that: we are polluting your river ; 
we do not want to do youany harm; nothing is further 
from our wish than that.” Well, that is very well as 
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far as it goes, but that is where they stopped. Well,. 


then, again there are some who admitted they were 
polluting the river, and maintained they had a right to 
do.it... Others, again, said, ‘“ Well, we will see what we 
can,do; perhaps we can do something ;” but nothing 
in éhe way of.asperity on our.side has ever entered into 
any of our communications with the distillers, Per- 
haps-you would. like me te tell you'the process, we have 
adopted in our dealings: with them, how we have. set 
to work? 

19935. Yes, we should.+—Well, we°saw in the early 
days that this:was going to be a very serious question, 
and we put the matter into the hands of our Edinburgh 
lawyer,. and all these: distillers have from time to time 
been written to.» We have taken samples of the effluent 
coming from. their distilleries; they have been written 
to; their attention has been drawn to the fact thae 
they were putting pollution inito the river, and various 
replies and correspondence have passed between us and 
them. They have asked—those who-really wanted to 
do something have asked for time, and said they would 
try and see what they could de, and time has always 
been given to them. It is only in two cases, where we 
saw that that could not go-on any longer, that we took 
them into the Court that we have done so. There is 
one case, the first case, which was against a man named 
Kemp, in the Maccallan Distillery, There we succeeded, 
and he now has. put in certain.remedial works. Well, 
it-is close to you, Mr. Grant; you know better than 1 
do what the condition of the burn is. (Mr. Grant.) It 
is much improved. Fy : 

19936. It has been much improved ?—It: isnot on my: 
property. (Duke of Richmond and Gordon.) The Mac- 
callan. (Mr. Menzies.) It is very small; they put it 
all~on land; it is a very small distillery. (Duke of 
Richmond and Gordon.) We have never threatened 


them needlessly ; it is only when matters have become, 
so'serious that we saw the only course we could adopt: 


to-préserve our property was to take them into the 
courts, and» we had an action against Kemp, of the 
Maccallan’ Distillery, and we were successful; and we 
have’ had another action, in which we got an initerdict 
against the Daluaine Distillery. That is on Mr, Grant’s 
property, and another one further up the Spey, .on Sir 
George Macpherson Grant’s property. As a matter of 
fact, I should say that the Daluaine people are not 
satisfied with the decision of the Court of Session in 
Edinburgh, and they now propose taking it on to the 
House of Lords. 

19937. You say that possibly one of these cases is 
going to the House of Lords ?—Yes. 

19938. And that will be the first time the House of 
Lords has had a case before them ?—Yes ; the decisions 
of the two Courts in Edinburgh have been in our favour, 
and the distillers are not satisfied with them, and they 
propose to take it on to the House of Lords. I think 
those are generally the principal points which you would 
wish to be informed upon, and, if you like, I might make 
one or two remarks on some of the suggestions put for- 
ward by the distillers. 

19939. Might I just ask you two more questions ?— 
Certainly. 

19940. In the first case you mentioned, in which pro- 
ceedings had been taken, the distiller, I understand, 
took steps to remedy the mischief ?—After we got an in- 
terdict against him. 

19941. Yes; but are those steps satisfactory ; that is 
to say, if such steps as these had been taken generally, 
would that probably have solved the difficulty /—Well, I 
would not like to go so far as that. You see, it is not 
a very large distillery, and he has facilities for disposing 
of his stuff, which come easier to hand than in the case 
of the distilleries which are malting a very much larger 
quantity. It is partially successful. I think it is 
simply a question of time really how long his will last. 
(Mr. Findlay.) At present the burnt ale is all carted 
away; lt is pumped up into a big tank at the top of 
the hill, and there are several farmers round about to 
cart it away. As far as the burnt ale is concerned, I 
understand there is no process of purification, adopted. 
(Duke of Richmond and Gordon.) It is simply removal, 
complete removal. 

19942. In the case to which your Grace referred, where 
you noticed the stuff coming down to a distance of six 
miles, I suppose the refuse would be turned straight 
into the stream without any treatment at all #— 
Except in one or two cases, it has had no treatment at 
all anywhere yet. 
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19945. The treatment is rather the subject ?—There 
are three or four. distilleries at Rothes.; there is one 
very large one belonging to Mr.. Grant, not this Mr. 
Grant, but Mr. Grant who was before you the.other day, 


-and there the whole of the effluent from their distilleries 


comes straight into the Spey through the medium of the 
drains of the Burgh of Rothes. 
19944.' Without any treatment at all ?—Yes, theyshave 
rather got—the distilleries there have rather got the 
best of the Burgh of Rothes. When:the Burgh of 
Rothes put: up a drainage system of their, own, they 
originally did not contemplate—I think it is the bac- 
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the distilleries. The distilleries: were: a valuable asset 
to the:town of Rothes, because they.were very highly, 
rated; and they found that they could get the use of 
the Rothes drains ; consequently—well, 1 presume this 
is the fact—they said to themselves, ‘“ What-is the use 
of our putting up remedial measures at our distilleries ? 
Rothes drains take what we put away; Rothes are the 
people to purify.” The consequence is, the whole. of 


the pollution from these distilleries. goes straight. 


to the Spey. ~ Whatever purification they have: got at 
Rothes is no use at all ; it is a farce Specie 
19945. Any purification is rather the exception than 
the rule?—{Mr, Menzies.) Entirely.the exception. 
19946. In the present state of things, purification is 
rather the exception than the rule/—(Duke of Richmond 
and Gordon.) Oh, yes ;, and where it has been tried I 
quite admit that the distillers have had some difficulties 
to face, because absolute purification is very difficult to 
achieve ; there is no doubt-about it ; but where we feel so 
strongly, is that they have taken so little heed of all our 
early representations. In some cases they have put up 
settling tanks ; they might just as well-have put basins 


for all the practical use. they are, in taking 
away anything but. an infinitesimal portion _ of 
what was coming from the distilleries, and it 


was not until they saw that the law was on 
our side that any of them really took up-~the 
question earnestly, I believe, then, with the desire to 
see what they could do. It may be an expense to them, 
but, as I said a little while ago, it has been a great ex- 
pense to us to preserve—endeavouring to preserve, for 
we have not succeeded in doing it yet—in endeavouring 
to preserve our property, and if we have had to spend 
money doing that, they ought to spend money to do it 
on their side. 

19947. Then, may I ask whether the number of fish 
have diminished within the last ten years ?—Oh, on the 
upper waters, yes, but in the lower waters, where the 
pollution becomes more diluted, the falling off has not 
been so marked, but that tallied with. what.I told you 
just now about the inference I drew from the number of 
fish spawning lower down, 


19948. Would the number in the lower waters be actu- 
ally increased, do you consider?—No ; I beg your par- 
don, I do not quite understand. 

19949. Well, as far as I understood, there are more 
fish spawning in the lower waters now than formerly 7— 
Yes, . 

19950. And would that actually increase the number 
of fish caught in the lower waters?—No; the number 
actually caught with the nets in the lower waters re- 
mains about the same; it has averaged the same for a 
good number of years. 

19951. And the number in the upper waters has de- 
creased ’/—Has decreased ; oh, yes, that. I admit. 


19952. (Major-General Carey.) Is there any record of 
the number of fish takem annually on the Spey Yes ; 
my net fishing is recorded. 

19955. I mean the upper reaches?—I should. think 
everybody——{Mr. Menzies.) I should think everybody 
has books ; all your country and mine any way ; it has 
gone down to nothing virtually. 

19954. (Chairman.) Does the state of the river vary 
much ; does the fact of the shutting of the distilleries 
in the summer produce any appreciable result on the 
state of the river? {Duke of Richmond and Gordon.) 
Does what? 


19955. Does the river appear to be less polluted when 
the distilleries are shut ?—Oh, yes. 

19955*. Very much less?—If you were there in the 
month of August, a good many of them are beginning to 
shut down now or about the Ist of June, but June, July, 


and _ August, then there are a few of them, 
working there may be some who have got a 
B2 
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large amount of orders, begin making early in 
July, but, as a rule, it is the end of August or the 
begining of September or even later before much work 
goes on, and if you are on the river in that time of year, 
you will see she goes down perfectly clear, no froth ; 
until the distilleries begin again you will see no froth 
on her at all, and you will see also none of that slime and 
iungus. If you get a small water about the spring time 
when the pollution is coming in in considerable volume, 
there is a large amount of fungus forms at the bottom 
of the river, and then, if you get a spate, I have seen it 
down below Fochabers Bridge coming down in lumps 
like sponge as big as my fist ; you have seen it as well. 
(Mr. Findlay.) Well, I am not there at that time of the 
year. (Duke of Richmond and Gordon.) Well, you have. 
(Mr. Grant.) I have. (Mr. Menzies.) It 48 worse in 
my country than anywhere. 

19956. (Sir William Ramsay.) Can you get informa- 
tion as to how many distillers in the Spey district treat 
their refuse ?—The total number ; if | remember rightly, 
there are something like 150 to 180 distilleries scattered 
through the district. (Mr. Grant.) Not on the Spey— 


about 20. (Mr. Menzies.) About 30 or 32. (Duke of 
Richmond and Gordon.) I have got it here. (Mr. Men- 
zies.) I forget what there are over Scotland. (Duke of 


Richmond and Gordon.) You see, the Spey district covers 
a considerable area of country. 


19957. Yes, I know?—In the year 1850 there were 
Jeven Spey distilleries, only eleven, and they only 
malted about 2,270 bushels a week. I have not got the 
particulars beyond 1900, but I do not think there is 
more; likely there might be one less probably since 
1900, because the distillery trade has had a severe blow. 

19958. My impression was that they were numerous ? 
—(Mr. Findlay.) I think the map is behind you. 
(Duke of Richmond and Gordon.) In the year 1900 
there were 27 distilleries malting 50)850 bushels of malt, 
as against 2,800 in the year 1860. 

19959. Tihey look to be about 25 or 26—something like 
that. My point was this, how many of these are taking 
any steps to purify their effluent ?—I can get that for 
you ; I would not like to pledge my word. 

19960. We were told how many?“(Dr. McGowan.) 
Seven or eight, I think. 

19961. (Sir William Ramsay.) Seven or eight? (Duke 
of Richmond and Gordon.) The majority of them are 
doing something, but the majority of them are doing so 
little that it is no good ; a good many of them have not 
faced the seriousness of the position yet. 

19962. We have been shown various methods, some 
of which appear to be more successful than others. 


But my point was this: Have we only been shown those - 


that were attempting to purify their pot-ale, and are 
there are a great many there which have not been doing 
so?—(Mr. Grant.) At Rothes they have not done any- 
thing ; they have done nothing at all. (Mr. Menzies.) 
No; but they are going to do the best of all; they are 
going to put up the best. (Duke of Richmond and Gor- 
don.) It is not for us 'to say. (Mr. Menzies.) No, it has 
nothing to do with us. (Mr. Findlay.) The chief thing 
they do with the pot-ale is to spread it out over fields, 
and as long as farmers are willing to take it, and a smalt 
distillery has a considerable extent of arable land roui.d 
about, there is no difficulty. ° 

19963. Quite so; but is there any difficulty in 
distillers getting land near their distilleries to put up 
plant for artificial filtration ?Duke of Richmond and 
Gordon.) Oh, not if they pay for it. 

19964. It is quite possible?—The land could be get. 
I do not think they could get it at purely agricultural 
value ; I do not think they would expect that. 

19965. Because it is not agricultural land, but 
is valuable as building property ?—Because it is for 
use for a purpose which will not really benefit the 
property; it is not like feuing plots to improve a 
district. (Mr. Findlay.) If it reverts to the landlords, it 
is no use, as it is covered with concrete tanks or beds 


with sludge in them, therefore you cannot expect them 


to part with it at agricultural value. 


19966. Quite so ?—It would be useless for agricultural 
purposes for all time to come. 


19967. But if the process of,sprinkling it over the 
land were adopted ?—(Mr. Grdnt.) I can speak with a 
certain amount of knowledge on that point, because in 
this case against the Daluaine Company, the Daluaine 
Company I understand have a private arrangement with 
my tenant, who is also one of the managing directors 


of the Daluaine Company, and they are the joint 


tenants of the farm, and they applied for help to me 
to put the burnt ale on to the farm of Daluaine. Well, 
if you put burnt ale on to land, if any of you gentle- — 
men have seen the result, you will find that it creates 
such tremendous crops that they threaten to be toc 
luxuriant and rot in wet weather Also if you put ou 
too much you can actually burn up the pasture. Now, 
it was a dificult point really, but in order to keep myself 
perfectly justified in continuing this action against 
the Daluaine Company, though it was very much against 
my wish, my private inclination, to give land as it 
creates an offensive smell near my own residence, being 
an en¢rmous quantity 1 said I would agree on certain 
conditions, provided that this was not taken into court, 
and so I asked them if they would agree to any man of 
skill I put on. As far as I understand, I really did 
not go into the actual details very much myself. My 
agents proposed a certain gentleman, and the Daluaine 
Company would not have him. They then proposed 
Mr. Walker ; Port Lethen I think he comes from; I 
know him very well; one of the best known agricul- 
turists in Scotiand. I said I would expect him, and 
he should regulate the quantity, visit the farm, and 
find out how much of this burnt ale could be put on 
the land. When he came he said it was all in the 
nature of an experiment ; it had never been done; he 
was not sure how it would affect the rotation of crops. 
This farm had been laid out by them chiefly for grass, 
and they have sprinkled on as much of this burnt ale 
in such a manner as Mr. Walker directs and they have 
put an extra stock of sheep to feed it off. Mr Walker 
informed me it is only a temporary measure. It is 
not right for me, with the case before the House of 
Lords, to go into any further points about this action, 
but I think at the same time I would point out that 
an expert, an independent arbiter, meeting me going 
over the land with one of the company directors, and 
the solicitor assured me that the continuation of burnt 
ale on land could not go on for ever, and also that even 
if it was put on if it was not to do damage to land it 
would have to be very carefully watched and very care- 
fully regulated. i 


19968. I suppose most of the distillers hold from you, 
do they not? I mean they lease your property, is not 
that so; or do they own it themselves ?—(Mr. Findlay.) 
The majority of them are feus, the Scottish system of 
tenure. 


19969. Of course ; I know, but it is from you ?—Well, 
there are various propri-tors. (Mr. Grant ) There are 
various proprietors. (Mr. Menzies.) Nonefrom me. I 
was the only one that would not have one, except his 
Grace. 


19970. It is a lease for a number of years ?—(Mr. 
FinNay.) A perpetual lease. (Mr. Menzies.) They 
offered me any price I liked to ask ; I would not have 
them. (Duke of Richmond and Gordon.) Upon that 
point, certainly one of the largest distilleries in Scot- 
land, one of them which gives the name of Glenlivet 
whiskey, is on my property ; it is far away up, and 
there is a large amount of land at the disposal. of this 
distillery, and a certain amount of pollution would get 
through to the river, but not much. And then there 
is another distillery on my property at Dufftown, that 
of Dr. Cowie, the gentleman you saw here at the last 
meeting. But those are feus which my father before 
me, and I in succession to him, have succeeded to, but 
nothing would have induced my father to have given off 
land for a distillery—not from any temperance senti- 
ments, but for the protection of his property. 


19971. (Chairman.) I 'think you said, did you not, 
that the number of distilleries has increased consider- 
ably in the last ten years ?—Yes. 


19972. So that they, at any rate—those new distil- 
leries—have been allowed by somebody to come and 
settle there ?—Those at Dufftown are on the Duke of 
Fife’s ground. I think I can explain that to some ex- 
tent: the Duke of Fife owned a considerable amount 
of property in Dufftown and neighbourhood and some 
of the distilleries at Dufftown ; he sold the greater part 
of his property, and some of the land which he sold 
bordering on the Fiddoch was bought for distillery pur- 
poses ; whether he was aware of it at the time or not 
I do not know. He is a non-resident, so it would not 
concern him, perhaps. (Mr. Grant.) I have new dis- 
tilleries on my property, and I put in these feu charters’ 
extremely stringent conditions where I could. The 
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question actually came to me to be whether I should 
accept these feus or not, and I, naturally thinking the 
law of the land decidedly meant and means that a man 
cannot deliberately set up an industry to destroy and 
spoil his neighbour, thought perhaps the ‘common law 
as it now stands would be good enough, that is to say, 
water must pass in its original state and quantity from 
one proprietor to another. However, in order to 
strengthen my position, I have got new charters for 
the new distilleries on my estate ; others I succeeded 
to, with very stringent clauses indeed. One condition 
is that they are bound to effectively purify pot-ale, 
and if they do not, I may in some cases forfeit their 
feus. Iam speaking generally. Another condition in 
the charter is that if any measures provided by the 
distillers for the prevention of pollution are not effective 
T am entitled to have these pulled down and others 
alopted, the object being that six or seven years ago, 
when these charters were taken out, I was not going to 
commit myself as to the proper measures to adopt to 
prevent pollution, and I do not intend to commit myself 
now. I tell the distillers either that they are polluting 
the Spey or the air or that they are not, and if they 
are, to rectify it; and that is how the matter stands. 
One distillery I have got now—I am only speaking 
offhand; I have not got the copies of the feu 
charters with me, but I will give you the general terms 
of them—in this particular feu charter about a dis- 
tillery on the Spey, and I made sure before I came 
here. I feued it to a man called Thompson; I put 
a tremendously stringent clause in, but he evidently 
did not like it, for he never worked for more than a 
few weeks; he never worked his six years. These con- 
ditions are considered somewhat hard, but I may 
say, without prejudice, that I certainly will not alter 
them, because if I do I should do not only myself an 
injury, but my neighbouring proprietors. Those con- 
ditions were put in not only to safeguard myself, but 
my neighbouring co-proprietors, and if the distillers 
choose to accept a charter with conditions in it they 
must stand by the consequences. 


~ 19973. But do you say that if they pollute at all they 

must give up distilling ?—Pollution according to the 
common law—that is a thing I speak very strongly on, 
because I consider it would be a very great hardship, 
if not an injustice, that the law of Scotland should be 
altered to suit the convenience of distillers. 


19974. I was only wanting to know what you would 
call a pollution? A thing that has been water and has: 
been used for something else cannot actually become 
water again; it may become innocuous, but it cannot 
become water ?—A large amount of this water which is 
used in distilleries is used for driving power; I mean, 
for instance, they would have a wheel probably worked 
by a burn to work the electric light of the place; well, 
the sort of stuff I mean is the burnt ale, and that, I 
understand, is possible to be treated. JI am not here 
to commit myself as to whether it can be or not. I 
really do not know; I can tell you if I am satisfied 
with it, and I think that is as much as is to be expected. 

19975. (Sir William Ramsay.) Is there any difficulty 
about the pollution ofthe air? Do the processes that 
some of the distillers resort to to get rid of their 
pot ale by burning or distilling it make a smell in the 
neighbourhood ?—The .Tamdhu_ Distillery Company 
erected on my estate a plant—I am speaking entirely 
without prejudice—a plant to deal with burnt ale. I 
understand it is consolidated by evaporation. It is a 
very large plant, and I believe it is very expensive to 
work, and from the deposit that is left they get the 
deposit and put it on a sort of tray, and then the residue 
is mixed with the tail race water. They then reduce 
the stuff that is left into a cake or powder, which 
they intend to use as a manure. In this process there 
was, and there is, a very strong smell of burning, which 
I myself have felt a good many miles from the place, 
and I wrote to the company some time ago, and said 
it simply could not go on, and I pointed out to Mr, 
Willis, who was up visiting the Tamdhu Distillery a 
short time ago, the farm where the farmer frequently 
complained to me of the smell, especially in hot weather, 
and the company admit practically there is a smell, 
because they are going to endeavour to remedy it this 
year. 

19976. And if there were some process discovered, or if 
one of the processes which is at present used, were pro. 
m 78 PAN al iar! authorities chemically and bacte- 

gicaily to purify the pot ale to such an extent that it 
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practically is water, would you, as propriétors, be willing 
to give the distillers in the neighbourhood facilities to 
acquire land for putting up such a building to make 
it possible for them to do their best to remedy the evil ; 
supposing it was decided, would it be possible to meet 
them? They complain, I understand, that they have 
not sufficient land; that difficulties are thrown in their 
way ; if you recognised that they were doing their very 
best, and succeeded, I presume you would be willing 
to meet them on the ground that there would 
be a considerable advantage to you in their 
holding property of yours and paying a rent? 
(Mr. Findlay.) I am not aware that any land hag ever 
been refused to distilleries for such purpose, except 
under circumstances where it has been asked with the 
view of staying proceedings. For example, if a distiller 
is polluting, and you want to get a decree declarator 
that such a state of affairs is existing, they forthwith 
avply for land, and they want to ‘take time by erecting 
remedial works, and to get ithe thing hung up in that 
way. 

19977. I see ?—I think any case of land being refused 
has been simply because it has been a step in the pro- 
cess of n®potiation. (Duke of Richmond and Gordon. ) 
Procrastination. (Mr. Findlay.) Procrastination, I do 
do not think there is any case of land ever refused 
where there was evidence that it was wanted for boné- 
fide purifying purposes. (Mr. Menzies.) No, I am sure 
there never has been. 

19978. But has it been offered at such a high price that 
it was tantamount to a refusal?—(Mr. Findlay.) Not 
that Iam aware of. (Duke of Richmond and Gordon.) 
Weil, of course, I cannot speak to a certainty upon 
this matter for all the other proprietors, but in no case, 
as far as I am aware, has the price been prohibitive; it 
may have been large, but I draw a very broad distinc- 
tion between a large price and a prohibitive one. (Mr. 
Grant.) I ‘have never heard of a distiller commenting 
on the price of land with me as regards works; they 
have never come to me and said the rent. is prohibitive. 
I have had a case where the man said the conditions of 
my feu for the proposed remedial works were prohibi- 
tive, but not the price, and I think that was significant. 

19979. (Chairman.) Have you ever been asked fort 
land for purification purposes ?—Yes. 

19980. And you have granted it?~-No. I have never 
been asked for land to erect buildings on outside his 
distillery works, but Ihave certainly given facilities, as 
far as are in my power, for the burnt ale to be dealt 
with—tanks to be put up, so that the farmers might cart 
it away. 

- 19981. (Mr. Stafford.) Do the riparian owners wish 
to encourage or discourage the industry ?—(Mr. 
Menzies.) We wish it was in any other valley except the 
Spey. (Duke of Richmond and Gordon.) I have no 
personal feeling about it at all. 

19982. But do they as a rule wish to grant land or 
not—the proprietors?—(Mr. Menzies.) I will not give 
any land. 

19983. For the purposes of the distilleries ?—For new 
distilleries, (Duke of Richmond and Gordon.) As I said 
just now, nothing would induce my father to do it. 
(Mr. Menzies.) They have asked many times, and have 
always been refused; I will not have a distillery on 
my property; that is a different thing. (Mr, Grant.) 
Personally, as long as they do not pollute my property 
at all, I have not got any personal feeling against them 
at all. (Mr. Menzies.) It is several years now since 
there was any idea of putting up a new distillery, 
because the crisis in the trade has been so bad we have 
had no applications for years, 

19984. (Major-General Carey.) What proportion of 
the distilleries are doing nothing at all in the way of 
remedial work?—(Duke of Richmond and Gordon.) 
Well, I could not tell you off-hand, but I could get you 
the last report from Messrs. Brodie, our lawyers, if you 
wish to have it. { 
19985. The Commission, when visiting the Spey Val- 
ley, examined a number of works in which, at 
all events, attempts were made to produce a satis- 
factory effluent, some of them varying in success, but 
there were bond fide attempts made by tanks and 
filters P—Quite so. 


19986. They were apparently doing their very best 
then, and they are anxious to get further advice if they 
can from the Commission ?—And possibly you saw a 
comparatively innocuous effluent, ay 
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19987. Well, we saw a distinct difference between the 
treated effluent, and when it was trned imto 
the river without being treated—they turned it’ in 
to show the difference—the river was suddenly covered 
with the frothy matter?—Exeuse my saying so; you 
do not know whether that distillery was malting to 
the full extent of its capability; you do not know how 
much of the effluent you-saw -was a’ fair sample of the 
amount that they would be putting in if you were not 
there ? 

19988. We took it simply that they were treating all 
the refuse ?—On that I should like to make this remark : 
the distillers in some cases have tried.to hoodwink us'by 
putting the refuse in at night; they run off their tanks ; 
we have found them doing that, and if they will do that 
to hoodwink us I should not be surprised that they migint 
have had a try at you too.. I do not say they have‘ been 
successful, but I think they might: have made the -ex- 
periment. 

19989. (Chairman:) I think your Grace said, in casa 
you have not any more remarks to make, that one or 
two of the other gentlemen had something to. say ?— 
I have several more points'I should like to put before 
you before I have done, and then the other gentlemen 
will have something to say. If you do not want 
to ask me any more questions on the general point I 
should like to make some remarks on the statement Dr: 
Cowie put before you when he was last here. ~ 


19990. Certainly ?—He deals with the number of dis- 
tilleries and so forth. The first remark of his which I 
take exception to—I will not say take exception to— 
to which I wish to draw your attention is this. 
says:—‘“I must say that perhaps at one time the dis- 
tillers, like. other manufacturers, when this problem 
confronted them were a little slow to move till they 
saw how things would go, but I have to impress upon 
the Commission that Tam certain every distiller is now. 
anxious to find some way out of this trouble and to meet 
the complaints that have been made against them by 
the proprietors.” ‘There I have from Dr. Cowie’s own 
lips the complaint which I mentioned some little while 
back that our appeals have had so little effect upon 
them that it is not until they find the law is against 
them that they really face the difficulty. Wehave been 
going on for some years spending money which, if they 
hal taken the question up with vigour in the first in- 
stance we should have been saved, or, at any rate, a 
considerable portion of what we have spent we should 
have been saved, And then he makes one suggestion 
which I may say we are all dead opposed to, and that 
is, any idea of partial purification or the establishment 
of a central authority. In the case of partial purifica- 
tion, what guarantee have we that partial purification 
will continue? From our experience of the. distillers 
up till now what guarantee shall be get that the partial 
purification which they suggest will be continued? I 
see in one place they talk about purifying up to 90 
per cent. Well, I should have thought—I am not an 
expert in those matters—if you could purify up to 90 
per cent. you could purify up to 100. The difference 
does not appear to me to be a very great one. But sup- 
posing you purify up to 90 per cent., what is the ulti- 
mate result? The result is the same, to use a homely 
simile, as filling a bath from a tap or a teacup; it is 
only longer, the time is only more extended during 
whieh the river will become in the same foul condition 
that it is now; if you have only partial purification it 
means that a certain amount of pollution is going in ; 
it depends entirely upon the amount of pollution going 
into the river, how long or how short the time it takes 
the river to get into the condition which we are now 
complaining of. Do you see my point? 

19991. I do not know that we should quite agree.— 
That I cannot help. 


19992. (Colonel Harding.) I suppose the Duke’s point 
is this: that if an effluent is purified to 90 per cent., 
and if in the course of time, owing to the expansion 
of distilleries, the volume of effluent is increased 
ten times, that the sum of impurities would 
be as great ?—Well, to my mind it is only a question 
of time when you arrive at the same result as you have 
now. Given a certain quantity of stuff to go into a 
certain receptacle, whether it ggs in in a large quan- 
tity or in a smali one, it goes in in a certain condition, 
and it is a question of time how long it takes for that 
ice to fill a certain receptacle. Do I make myself 
clear 
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19993. (Chairman.) Oh, quite so; but I think it pos- 
sible that we may think the river would do a cer 
tain amount of purification itself, and it might be ‘able 
to purify 10 per cent. quite easily without any damage 
to the river ; but thcse are matters for the Commission ? 
—hose are matters for the Commission to settle, but 
I just put them ferward for the proprietors. =. 

19994. Might I just ask you this : supposing; purifi- 
cation was suffivient to make the water quite uninju- 
rious to fish, is that all you want; [ mean, it 1s not 
a quest.on of health to human beings ; it is a pure ques 
tion of the fish that you are interested in ?—Well, no ; 
it goes further than that. Mind you, a large number. 
of the proprietors who have land on the borders of the 
Fiddich—for instance, there are some. cases in the 
Fiddich now in which it would mean injury to put your 





cattle on to drink it. ai £ a 
19995. The cattle drinking it, you mean ?—Yes. 
19996. Are there cases of cattle suffering from the 

polluted water ?—I will rot say. (Mr. Grant:) I think, 

speaking only from memory, that when the Glenfarclas 

Distillery was working at full power and putting 

the burnt ale straight down the Daluaine Burn, the 

farmers did. not like to put their cattle to drink there. 

(Duke of Richmond and. Gordon.) The. point we want. 

very strongly to put before the Commission is this, 

that our right is to have full pure water... We have 
been. spending a considerable sum of money trying to 
get it, or rather, to preserve it, and our patience has 
been strained almost to breaking point now by the dis- 
tillers. They appear to be, from Dr. Cowie’s. state- 
ment, very frightened of the Court of Session, and they 
suggest the establishment. of some central authority 
to decide on pollution... Well, that. is a point on which 
we are very strong. The Court of Session is the law 
court in Kdinburgh, which is there for preserving our 
rights ; we do not want. any other body, any new-body, 
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- or.any other body set up and established for the pur- 


pose of dealing with this; the Court of Session is good 
enough for us, and probably the distillers are aware 
now that the Court of Session ‘has decided against them, 
that the law of the land is in our favour, and I can 
quite understand that for that reason they might sug- 
gest setting up some other authority which they think 
might possibly take a different view. From.what Dr. 
Cowie says, more than once, his dislike to the Court of 
Session is very evident. “Do keep us out of the Court 
of Session.” “Can you not get the proprietors to 
arrive at some arrangement with us, and avoid the 
Court of Session?” They all appear to be frightened: 
of the Court of Session, which I consider a very healthy 
sign. And I do not think, with regard to the question 
of a central authority, that they need have this fear 
of the Court of Session which appears to be coming 
before them, because they have been very fairly treated 
in the Macallan case.’ Lord Kyllachy was the judge, 
and in that and every other case that we had had up 
20 onerous conditions had been imposed upon the dis- 
tillers, but rather they had been granted time. In the 
case of the interdict that we got in this particular case, 
which was decided by Lord Kylachy, they got a year. 
(Mr. Findlay.) It was suspended during the pleasure 
of the Court. (Duke of Richmond and Gordon.) All 
those interdicts have been suspended until the distillers 
have had a considerable amount of time to endeavour to 
make some arrangements. Well, then, I see Dr. Cowie 
in one place says—I think it is Mr. Grant, it was not 
Dr. Cowie, there. He says Dr. Cowie has said they 
have no wish to adulterate the rivers. I daresay 
they have not, but our complaint is that they do. 


19997. May I ask you when the first case that you 
took action against them was?—{Mr. Findlay.) The 
Kemp case began in 1895—at least, the correspondence. 
(Duke of Richmond and Gordon.) It was concluded in 
1898. ‘The date of the reclaiming note was October, 
1898. 


19998. Then the decision had been given in your 
favour in October, 1898 ?—It went on for two years, but 
that was the date of it. 


19999. That was the first case?—That was the first 
case. 


20000. But you still find it the exception rather than 
the rule that any steps are taken to purify ?—I wish 
you could see it any Friday or Saturday afternoon. 
With regard to that, you say it is the exception to have 
taken any steps. 
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20001. Yes?—I wish to be perfectly fair about. it ; 
I will not quite go the length of saying it is the ex- 
ception to have taken any steps which are likely to be 
productive of any good. Some of these distilleries, I 
think, as I said just now, were malting a large quan- 
tity of barley. hey had put up retaining tanks ; they 
must have known it was ridiculous—filter- beds close to 
the river. Some of the Commissioners are probably 
aware that some of the refuse has formed into a sort of 
thick slimy condition, which, instead of draining from 
gravel beds, as other forms of sewage pollution will, 
plugs up everything immediately the place gets full, 
and it just runs over into the river. That is all, Our 
complaint is that they have not taken it up earnestly. 
The position we wish to assert is that we want nothing 
more than the law gives us now, and that we are entirely 
opposed to any new authority being set up to deal with 
the question. Those were the three points upon which 
we are strongest. There is a letter from Sir Charles 
Logan, Lady Seafield’s agent, who is unable to come 
here ; and perhaps it would be as well if I read to the 
Commission a passage from his letter. Sir Charles 
Logan wrote to me, and I wrote back my views to him, 
and he says :—‘‘ What) you propose to state to the Com- 
missioners appears to me quite the right way of laying 
before them the views of the fishing proprietors.” And 
he says : —“ That it should be brought clearly out that 

the distillers have no right or reason for posing as 
martyrs who have been hardly treated, but that for 
years past efforts have been made to induce them te 
adopt remedial measures—which they have obstinately 
yesisted—and it is only now, when they find that the 
law is against them, that they are seriously and honestly 
facing the difficulties and realising that they must take 
some steps to remedy the evil or must take the con- 
sequences.” Well, that is from Sir Charles Logan's 
letter, who is Lady Seafield’s representative, and she 
is, I daresay many of the Commissioners are aware, 
one of the chief proprietors in Scotland. She owns a 
large property on the Spey- If there age any other 
points upon which the Commission would like any 
other information, I should be happy to give i 

20002. (Colon.t Harding.) I should like to ask one or 
two cps You referred to the wonderful expan- 

‘sion of this industry in the district. of the Spey /—Yes. 

20003. Gan you tell us what is the cause of that in- 
dustry being there localised and so largely increased /— 
Well, conditions, of course, affect, 1; you know how 
industries do increase. Now, for instance, if you look 
at the town of Kirkcaldy, it is wholly given up to the 
manufacture of oil-cloth and linoleum. Now, there 1s 
nothing special about the town of Kirkcaldy which is 
favourable to the manufacture of linoleum, but I think 

you will find that, given water is good for making whisky, 

the distillers will always come down and get that water, 
because, mind you, it is not every water that will make 
whisky. 

20004. Then it may be due largely or partly to the 
special quality of the water in that district ?—Quite so ; 
there is one distillery which possibly some of you may 
have seen on the Highland line up near Dalwhinnie. It 
is not working ; they spent a lot of money building it, 
and I have asked why nothing was doing there, and I 

* was told that the reason why it was shut down was that 
they had found that the water was unsuitable for making 
whisky, and I think that in all probability the reason 
for the distilleries having congregated on the Spey side 
is that the water in that part of the country 1s more 
suitable for making whisky than in other places. And 
Mr. Findlay has reminded me there is a trade reason for 

-it. Glenlivet was what you might almost call the 
pioneer of distilleries, and Glenlivet whisky had a very 
important name in the market. It was a guarantee of 
goodness, and a large number of these distilleries having 
come into that district, now also attach to the name of 
their own distillery the word “ Glenlivet.” It enhances 
the value of the product that they are making to be 
enabled to get the mantle of Glenlivet thrown over them. 
(Mr. Menzies.) It is absolutely untrue; there is no 
Liyet water in any of them. 

20005. May I ask your Grace whether any of the dis- 
tilleries have leased lands from yourself ?—(Duke of 
Richmond and Gordon.) Leased ? 

20006. Yes?—There is the Glenlivet one which I suc- 
ceeded to, which my father succeeded to, and which 
his father before him succeeded to; that was a feu. 
There is another one, a very old one, on the Fiddich, 
which we succeeded to in the same way, and I am not 
aware that there is any other. | 


15 


20007. ‘Then, so far as your estate is concerned], you 
are able to prevent the extension of distilleries by re- 
fusing to lease land or to sell it for that purpose /—Well, 
no ; because the original feu provides a certain amount 
of land, and I cannot control the amount of building 
which the holder of the feu chooses tu put up. 


- 20008. But you can prevent the creation of new feus ! 
—On, yes ; but where [ feued, say, take, for example, ten 
acres, a man, we will say ten or twelve years ago, only 
had one acre of building on that ; I cannot control the 
amount of building he puts up on the remaining nine 
acres. Do you know what a feu charter is—the ditter- 
ence between it and a lease ? 

20009. I am afraid I have only a vague idea? 
—A feu charter is a making away with your property 
for all eternity for a small sum. 


20010. It is equivalent to a lease ?—It is interminable, 


20011. It is equivalent to a 999 years’ lease /—Yes, or 
double that. (ir. Menzies.) That is it. 


20012. Then, I suppose the Commission may take it 
that the concentration of distilleries in Glen Spey can- 
not have been due to the facilities with which these 
feus are obtainable, if we may judge at least from the 
exceedingly stringent conditions which Mr. Grant has 
referred to?—(Mr. Grant.) I can also offer you another 
reason ; there were many, many more distilleries 5U 
years ago on the Livet and the Spey than 20 years ago, 
because, along with many farms, there were small dis- 
tilleries attached all over the country, and the reason 
of the origin and the growth of a lot of the present 
large distilleries was simply because by the amalgama- 
tion of one interest with another, one disappeared and 
another started on ; and if Sir George Macpherson Grant 
were here to-day, he would tell you that these small 
places really used to be let along with the farms. It 
was not a distillery and a farm ; it was a farm and a dis- 
tillery, and in many cases, what was formerly a very 
small concern, has now grown up into one of these big 
places. 


20013.. Do not all these distilleries represent a very 
large capital value, and may we not take it that these 
distilleries have a value locally in promoting the agri 
culture of the district?—{Duke of Richmond and Gor- 
don.) Oh, no. Certainly not a large one. 


20014. Do they exercise no influence whatever im the 
raising of certain crops ?—(Duke of Richmond and Gor- 
on.) Barley is the only crop: whichis required for them. 

20015. Would the complete removal of the distilleries 
affect the agriculture of the district. at all ?—I do not 
think it would. Mind you, the distillers will only buy 
good. barley. At the present moment Morayshire is a 
fine agricultural country, and it grows very fine barley, 
but a distiller will not think of buying a_second- 
class barley in Morayshire for the sake. of benefiting 
the country ; if he sees he can get a better barley abroad 
cheaper, you do not think he is philanthropic enovgh 
to buy Morayshire barley. 

20016. Then it is not the quality of the local barley 
which makes that district an attraction to the distil- 
lers 7—No ; I think it is more the water than the grain. 


20017. Then there is nothing in the suggestion. that 
there is a quality in the grain itself which causes 
the localising of the distilleries ?—Oh, no ; there is no 
guarantee that your whisky is made of home-grown 
barley. Gilbey does in one or two that he has acquired. 


20018. I see in the statement Dr. Cowie made to us, 
and which you had before you, that he says that “ this 
industry employs a large number of workmen, both 
directly and indirectly. It affords an outlet for barley 
and other agricultural products of the neighbourhood 
where the distilleries are situated, and also gives cheap 
cattle food,” which, he goes on to say, at times is of 
special value. Your Grace does not seem. to think that 
there is anything in that statement?—It is so cheap ; 
they make a great deal more than all the cattle in Moray- 
shire can eat. 


20019. But has it not. a value for cattle food 7—It has 
a small value, but nothing excessive. If it were really 
a valuable cattle food, they would be able to dispose of 
it. (Mr. Grant.) It is the draff they dispose of for 
cattle. (Mfr. Menzies.) What they call the draff. (Duke 
of Richmond and Gordon.) It is one of the sediments ; 
I forget how he arrived at it. (Mr. Findlay.) It is what 
is left in the mash-tub. 


20020. But the burnt ale is commonly used for:cattle ? 
—(Mr. Grant.) Certainly. 
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20021. It has a certain value, or it would not be used 2 
—It hag a value. (Mr. Menzies.) It is infinitesimal. 
(Duke of Richmond and Gordon.) It has a value in one 
way, but not in another; it has a value to the extent 
that it is a good food for cattle, but it is of very little 
value really to the distiller, because he in many cases 
gives it away. He says to the farmer, “If you like to 
come and cart this away and give it to your cattle, you 
shall have it.” It is not a marketable product to the 
distiller. , 
20022. Then we are to take it that in your Grace's 
opinion, although burnt ale is used locally for cattle 
food, that great industry is of no local value ?—Oh, no. 
(Mr. Menzies.) If I did not have a bit of draff on my 
home farm, it would not make one bit of difference. 
(Duke of Richmond and Gordon.) It does not make an 
appreciable difference ; it 1s a convenience. (Mr. Men - 
zies.) It would cost you very little more to get something 
else. (Mr. Grant.) It is the burnt ale I was referring to. 


023. My object is rather to point out that 1t would 
— the eae of the locality that the local land- 
owners should assist distillers now that they are evl- 
dently showing a desire which, although not at first 
earnest, now certainly appears to be earnest, to solve 
ithe great difficulty which lies before them {Duke of 
Richmond and Gordon.) I see what you mean. (Mr. 
Grant.) Are we to suffer all this time? May I ask, are 
we to allow these men to go on? My own personal ex- 
perience with the Daluaine case has been extremely un- 
fortunate. ' 

20024. Mr. Grant, would you allow me to finish my 
questions to the Duke? I will afterwards deal with you. 
In regard to the condition of the Fiddich, we were told 
when we visited that district last year that, although 
its condition some four or five years ago had been ob- 
viously bad, and at certain times the stream was covered 
with very considerable growth of fungus or leptomitus, 
that there had been within recent times considerable 
improvement in. the condition of that stream, and cer- 
tainly when we’ visited it there was no evidence of the 
presence of that fungus, and, though it is un- 
likely, perhaps, that we should have seen it at 
its worst, we did not see the froth floating over 
the surface; but we were told by persons not 
connected directly with the distillers that there had 
been a distinct improvement in the condition of the 
Fiddich, and I should be very much interested to know 
whether the Duke himself has been able to form any 
opinion as to whether there has been in consequence of 
the works which have been carried out at the Mortlach 
Distillery and others, any improvement at all in the 
stream ?—(Duke of Richmond and Gordon.) I think there 
has been a slight improvement, but with regard to what 
you say about not seeing any fungus, I should like to 
point this out, that although you might not have seen 
any when you were there, was the river big at the time ; 
was there a big volume of water, a spate, or anything? 

20025. I am unable to say, having only seen it once, 
whether there was an unusual condition?—The heavy 
water will wash the stuff away. 


20026. It was about May last year ; it did not occur 
to me that there was any spateon. The important point 
which was laid before us was that whereas three or four 
years ago there had been very evident growth of fungus, 
there had not within.the last year or two been any evi- 
dence of the fungus; and certainly at the time when 
we were there, and we inspected the stream rather care- 
fully—we were there some time—we saw no evidence of 
the presence of fungus then?—Well, fungus will come 
and go, you see, in this way, that if you get a heavy 
spate you will wash a great deal of it clean away, but the 
moment the river drops the least, the moment the flow 
of water diminishes, and the effluent is being put into 
the river from a distillery, then your fungus comes on 
and on again. doy si 

20027. But, as one of my colleagues reminds me, it 
was rather a dry time; probably we saw the river at its 
worst ?—Well, at the end of May very likely there was 
not much work going on. (Mr. Menzies.) The spring 
floods would have washed every bit of fungus away. 


20028. The point I wanted to get at was, whether the 
work carried out at Dr. Cowie’s distillery, where a 
serious effort had been made to meet the difficulty, and 
where a very evident improvement has been brought 
about with the effluent produced, as compared. with the 
very foul matter turned out of the distillery, whether 
those efforts have led to any improvement in the stream ? 
—ADuke of Richmond and Gordon.) I think Dr. Cowie’s 
was a bond-fide efort, but it failed so absolutely, that 


EVIDENCE : 


only since the 1st January—I have not the exact date by 
me—we took a sample of the effluent from Dr. Cowie’s 
distillery, and we sent it up to Edinburgh to be analysed. 


20029. When was that ?—That was since January ; I - 
think it was in the month of February. 


200350. This year?—This year. We sent it up to Kdin- 
burgh to be analysed, and the report of the analyst was 
that it was the worst form of pollution that we had 
hitherto submitted to him. I can get the report, and 
if the Commission would like it I would send it on to 
you. 

20031. But is it suggested that the effluent which was 
then analysed was worse than any sample of crude 
matter turned out from the distillery that had been 
submitted for analysis ?—I think it was as bad, if not 
worse, than any that they had ever had. 


20032. Was it really suggested that no improvement 
had been brought about in the burnt ale by the treat- 
ment which was given to it?—Dr. Cowie’s first attempt” 
was with bacteria beds. Well, they appeared to promise 
well, but the bacteria beds got choked, and I think he 
would tell you himself that he is mow satisfied that the 
bacteria bed is a failure for the purification. 


20035. I did not gather from his evidence that that 
was his opinion. I think he did tell us that bacteria 
beds alone, he thought, would be somewhat likely to 
choke, but he has introduced other processes, cer- 
tain treatment by lime, I believe, and a _ subse- 
quent treatment after the contact beds by a perco- 
Jating filter, which, we gathered, were rather promising 
ui their results ?~Yes ; what I meant was this: I think 
that the first attempt Dr. Cowie made was with bac- 
Laney beds pure and simple. (Mr. Findlay.) So I under- 
stood. . 


20054. That did not seem to bring about a satisiac- 
tory improvement !—{Duke of Richmond and |Gordon.) 
No. 


20035. There was improvement, but not sufficient im- 
provement ?—No ; and they got choked in a very short 
zime. 

20036. Since then, we understand Dr. Cowie has been 
settling the solids as much as possible, and treating 
with lime, and he now finds a very considerable im- 
provement ?—I have not taken a sample from Dr. Cowie’s 
distillery quite recently, but I should like the Com- 
mission to read the report I have just referred to. 


20037. Then your Grace is quite unable to express 
an opinion as to whether there has or has not been any 
improvement in the condition of the Fiddich within, 
say, the last few years ’—I would rather ask you to put 
that question to Mr. Menzies, whose house is within a 
mile of where the Fiddich runs into the Spey. (Mr. 
Menzies.) I should only say the Fiddich has never been 
in a worse condition, owing to the distilleries letting 
out their tanks, than it has been this spring. Many of 
my own tenants can prove it. Nothing has been done 
to improve it, and the Fiddich has never been in a 
worse condition, or the water down below. That is 
simply because—not Dr. Cowie, who is the one man in 
Dufftown who has really done his best, in. my opinion, 
but others have let out their tanks every week. 


20038. May I put this to you in another way: Is the 
condition of the Fiddich below Dr. Cowie’s distillery in” 
any way improved by the work that he has carried on? 
—I see no improvement at all. I do not know his dis- 
tillery from the others, 

20039. The work hitherto carried out by Dr. Cowie 
is useless /—There has been no improvement in the Fid- 
dich this spring. I have lived there these 30 years, 
and, as to the salmon spawning, I can only corroborate 
his Grace in what he has said, that no fish have been 
able to spawn in the Fiddich for some years since the 
distilleries became so numerous. 

20040. These distilleries’ feus must be of considerable 


value to you?—(Mr. Grant.) Yes ; well, that, of course, 
is a private question. 


20041. I do not want to press that, but merely to get 
the general fact that they are of a certain value, that 
the destruction of that industry on your estate is perhaps © 
not desirable ?—I cannot express an opinion as regards 
the destruction of distilleries, because I hold that, per- 
sonally, I have always taken an extremely lenient line 
in dealing with them. 

20042. Are the conditions you referred to in’ all vou 
feu charters ?—No, I cannot say that they are in he is 
charters that I have got on the distilleries that I suc- 
ceeded to from my father and my grandfather ; I can- 
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not put in stringent clauses in them, but, mind you, 
when my father feued the Daluaine Distillery to the 
Daluaine Company it was a little tiny building attached 
to the farm, and directly they got that feu, and he died, 
and I succeeded, they began to build, and they have 
been building practically ever since. Nobody could 
conceive, at the time they got that feu, that the distillery 
would be so largely developed, as they had at first a 
very small distillery. 

20043. The industry has developed ?—As his Grace 
has said, you cannot control building. 


20044. I think you said that one of the conditions of 
the charters was that, not only should the quantity of 
water which left the stream be put back into the stream, 
but that it should be the same quality when it was re- 
turned to the stream?—lI referred to that; I did not 
know that it was necessary to put that into the charter ; 
I understand that is the law of the land. 


20045. Would that, in your view, prevent the evapora- 
tion of burnt ale?—I may say, speaking generally, with- 
out committing myself, as regards this question, that 
I have really been rather fortunate, I think, in my own 
dealings with distilleries on my own property, because 
though we have got an action against the Daluaine Com- 
pany, speaking absolutely personally, I must say that 
the Tamdhu directors, and also the directors of Cardow, 
have informed me that they have spent considerable 
sums, but I will not commit myself to say whether this 
is right or wrong. 

20046. You mean that you express no opinion on the 
question whether the expenditure has been wise or 
otherwise ?—Yes; but I will not deny, because it 
would be absurd to say, that they have not done any- 
thing, these two companies, because they have spent 
considerable sums of money. 

20047. We have been told that they have both spent 
considerable sums?—I do not doubt it. It does not 
alter my decision if they pollute the river. Because 
they have spent considerable sums, they have both made 
considerable profit, and though they have spent this 
money, they must keep the law. 

20048. What strikes me, as a Commissioner, I may 
say, is this, that the position that is taken up by your- 
self and other landowners seems justifiable enough, in 
view of the complete unwillingness of many of these 
distillers to do anything for many years, in view of 
their turning out the most foul effluent into streams, and 
apparently not recognising any duties to purify their 
effluent. But at the present moment, when very evident 
efforts are being made by distillers, and when consider- 
able sums are being expended by them to solve their 
difficulty, one cannot but feel that a certain amount of 
patience on the part of the landowners, and a certain 
amount of assistance on the part of the landowners, 
might bring about a very great improvement; is it not 
possible ?—I think the only answer I should suggest 
to you is this, if you are going to be very much more 
patient with some of them, we will lose our prescriptive 
rights. (Mr. Menzies.) You cannot do that; you can- 
not lose prescriptive rights. (Mfr. Grant.) If we go on 
being tolerant for ever, will it become a right? (Mr. 
Menzies.) The Rivers Pollution Act would stop that. 

20049. There is evidently an effort being made to 
solve the difficulty, and they have appealed to this Com- 
mission to investigate the matter, and they have ex- 
pressed a general readiness to carry out works which may 
be suggested, and so forth, and there does seem a pros- 
pect of this great difficulty being solved, not to the point, 
possibly, of restoring the water to absolute purity again, 
but of restoring it to sucha point that the stream itself 
would readily oxidise the remaining impurities, and so 
therefore you might consider the effluent to be innocuous 
(Mr. Findlay.) Migh I remind you, Colonel Harding, 
that in 1901 there was a form of agreement submitted 
to the distilleries by which they got a year’s grace, 
during which no proceedings were taken whatever, to 
' take steps, and the experience of the proprietors of that 
year was not very encouraging. We have been giving 
time all along. 


20050. I may say that I am Chairman of a Rivers 
Board in Yorkshire, where we have to deal with countless 
pollutions, and we earnestly hope that your beautiful 
Spey stream may not become like one of our streams, 
but we have there the same difficulty with manufac- 
turers, and we get very many promises and very little 
performances. But where we do find a manufacturer 
who is striving with his difficulty we find it policy to 
assist him in any way we can?—Unfortunateiy, some 


6225—Ap. I. 


17 


of them will not strive. There are one or two who are 
working hard, but we have got 27 people to deal with, 
and the question is, what position are we to adopt with 
regard to, say, the other 20? If you have seven 
making experiments, are the other 20 to be allowed to 
continue to pour all their burnt ale into the stream ? 


20051. There is just this difficulty, you see, that this 
question is at present in a transitional state; it is in 
the experimental stage, and I daresay the 20 are watch 
ing what the few are doing, with the idea of adopting 
some process pronounced to be successful ?—Well, there 
is no doubt by the persistent pressure that we have 

* brought to bear upon them during the last 15 years the 
whole 27 are very much more careful. I do not say 
they are as careful as they should be, but they are very 
much more careful than they were. (Mr. Menzies.) 
They are very careful to put it in at night. That is all 
they are careful to do. 


20052. The last question with which I will trouble 
the deputation is this: I should like to ask the view 
of the Duke of Richmond upon the statement made to 
this Commission by Mr, Grant—not the Mr. Grant pre- 
sent to-day, but Mr. Grant who said he was at once a 
distiller and a fisherman, and his experience warranted 
him in saying that the fishing was at least as good now 
in that part of the river, where he fished near his dis- 
tillery, as it was any time before there was a distillery ? 
—(Duke of Richmond and Gordon.) What is that par- 
ticular statement ? 


20053. In the statement which I think you: Grace 
has had before you?—What number was it? 


20054. I will refer you to the particular page. ‘“ (Mr. 
Grant.) I have fished the Spey for 46 years steadily 
every year, and in my opimion the effluents that are 
going into the river do not in any way hinder sport— 
not in the slightest. I have had experience; my father 
had the fishing below where this Daluaine Distillery is 
for 21 years; I fished it during his lifetime, and I had 
it for five years myself immediately below where the 
Daluaine Distillery effluents were going into the river. 
I have seen the burnt ale coming into the top pool, and 
it ran down the side, but in the second pool the water 
ran to the side, and consequently the whole of that pool 
the burnt ale was distributed right over it, and I have 
killed many and many a hundred salmon in that pool 
when that effluent has been going down. 


“Do you suggest to us that pot ale is an ex- 
cellent thing for improving the condition of the river 
for fisheries P—I do not say that it is an excellent thing 
for improving the condition of the river, but it does 
not hinder sport.” Then Sir Michael Foster asked 
him, “ Not only now does it not injure sport, but it 
has not done so in past years?” and he says, “ Cer- 
tainly not.” Well, that merely shows that the state- 
ment that the Spey has been very gravely injured by 
these effluents is not acknowledged by everyone ?— 
When I read this answer of Mr, Grant’s, No, 19737, I 
was amazed that anybody who had ever had a fishing 
rod in his hand, and had gone down to the banks of the 
Spey, should have the temerity to make such a state- 
ment as that. You must remember that he is a very 
big distiller, the very biggest distiller on the Spey; he 
could hardly talk otherwise. (Mr. Findlay.) With re- 
gard to his statement as to the water immediately below 
the Daluaine Distillery, Mr. Grant has not fished that 
water for 20 years. (Mr. Menzies.) More than 20 years. 
(Mr. Findlay.) More than 20 years, and the top pool 
below the Daluaine Distillery has been so filthy, that 
for many years it was quite impossible to fish it, so 
Mr. Grant’s experience of this particular water is 25 
years old. 


20055. (Chairman.) May I ask you whether, having 
regard to the fact that some of the distillers are taking 
action for improvement, you see any reason to hope that, 
they will be able to do it efficiently (Duke of Rich- 
mond and Gordon.) I would not confine the distillers who 
are taking action to any definite number of sevenor less ; 
I think they are all doing something, and they have 
evidently all the sense to see that something needs to 
be done, but whether they aro all doing enough is an- 
other question. Then I understand your Lordship 
wishes to ask me—-- 


20056. I wanted to know whether you could see any 
signs of improvement ?—Oh, certainly: I think there 
are indications that the stuff can be satisfactorily dealt, 
with, and may be satisfactorily dealt with. I do not 
believe all our labour during these last 10 years has 
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been absolutely in vain; I kelieve they are getting 
nearer their means of purification. 


20057. Because, of course, the analyses that you got 
of Dr. Cowie’s effluent from Edinburgh must have been 
very discouraging, but I take it that the analyses which 
our own chemist, Dr. McGowan made, would be of an en- 
couraging character?—{(Dr. McGowan.) Yes the first 
was very good indeed, and the second. (Mr. Findlay.) 
Well, I think I may explain, with regard to that, that 
the analyses to which his Grace referred was before the 
introduction of this precipitation process. I think since - 
then results thave been more satisfactory. (Dr. 
McGowan.) I rather think it was before he put on the 
circular filter—the continuation filter, (Colonel Hard- 
ing.) That you got a good sample? (Dr. McGowan.) 
It was after that I got them; it was immediately im- 
proved after that. That was going in January, so pre- 
sumably your Grace had the sample before then? (Duke 
of Richmond and Gordon.) I could send the Commission 
the date. I do not wish to misrepresent anything. If 
the Commission wish that document I could send it to 
the Secretary. 


20058. (Colonel Harding.) The Commission, I think, 
would be anxious that experiments with bacteria beds 
should not be discouraged by the impression being car- 
ried away that they were quite worthless because the 
analyses which our own experts have carried out were 
somewhat encouraging. But there can be no doubt— 
I think Dr, Cowie. himself will agree to it—that the 
bacteria beds as at first installed, and without ante- 
cedent precipitation and lime, were not of great value, 
There was an improvement, but not sufficient. (Mr. 
Findlay.) Another unfortunate cireumstance is this, 
that the proprietors had:no indication of the extent to 
which the distillers used these things, I mean they 
may put in a sample and treat it from.day to.day, and 
then producea very fair effluent at the end, but we 
have no indication that the capacity. of the beds is suffi- 
cient to deal with the whole of their waste products. 


20059. I should like to ask the Duke of Richmond 
an important question, and it is this, that inasmuch 
as the Commission is investigating through its own ex- 
perts very carefully not only the experiments that are 
being carried out by land treatment and by evapora- 
tion, but those which are being carried out by bac- 
terial methods, whether it would not be pos- 
sible in some way for the riparian owners to stay 
their hands for a certain period. in order to give 
time for the distillers to find out exactly what is the 
best way of dealing with these matters. Quite a large 
numberof experiments are being carried out. They 
are being carried out with every readiness to place 
them under our supervision; they are being supervised 
by us ; we ourselves shall form an opinion upon them, 
and report upon them, and in those cireumstances is 
it quite wise or generous to press the distillers until 
a certain time has been given to find out these results? 
—(Duke of Richmond and Gordon.) I do not think I 
could give that pledge. (Mr. Menzies.) I should have 
thought nine years was about enough for most’ people. 
(Duke of Richmond and Gordon.) I have no idea when 
this Commission is going to report, and assuming that 
this Commission did report in a direction favourable 
to us, I-am then-quite ignorant as to what length of 
time would elapse before legislation would ensue on the 
subject. I could not on behalf of the other proprie- 
tors give a pledge to take it lying down for another 
seven years as we have done for the last seven. 


20060. (Chairman.) Of course, this scientific inquiry 
is very slow, and I am afraid we should hardly be able 
to begin this, Dr. Houston, for another year?—{Dr. 
Houston.) I should not think so. 

20061. (Chairman.) What you have got in hand will 
take you, roughly speaking, a year?—I think Dr. 
McGowan will tell you. (Dr. McGowan.) I should think 
fully a year. 


EVIDENCE : 


20062. But in the meantime the distillers are, at any 
rate, making some experiments ?—Well, Dr. Cowie is 
the only one with whom I have communicated. 


20063. But, at all events, the distillers have ex- 
pressed their-readiness to carry on experiments and to 
take any advice ; in fact. to carry out any experiments 


that our experience will lead us to suggest to them. 


(Secretary.) Yes, they have informed the Commission 
of their willingness to do this ; their position rather is 
that they do not want to be spending money on what 
may turn out to be useless. For instance, that evapora- 
ting process, which has been referred to as “the 
best of all,” is very costly, and there are some 
reasons for thinking that it is not as satisfactory. as it 
has been supposed to be. (Duke of Richmond and 
Gordon.) Well, I think the Commission will see that we 
have not been unreasonable in the past, and I think 
they might trust us not to be unreasonable in the 
future, but I must decline to give any guarantee as 
to the particular course of action we may find it neces- 
sary to take. 

20064. (Chairman.) I should not like to. ask you to 
pledge yourself ?—That was rather what Col. Harding 
asked. 


20065. (Cclonel Harding.) I scarcely asked fora guar- 
antee or a pledge, or even for a promise; all that I 
wanted to ascertain was whether there would be a 
willingness on the part of the landlords in view of the 
earnestness with which the matter is now being taken 
up by distillers, and in view of the fact that we 
are watching those experiments, to hold their hands, 
to allow time ?—(Mr. Menzies.) We do not allow that 
willingness ; that is the only thing. 


20066. We quite admit the position the landowners 
take up is justified by the refusal of these dis- 
tillers for many years to do anything, and justified by 
their statement in some cases that they had a perfect 
right to pollute the stream, a statement with. which, as 
chairman of the Rivers Board, I am quite familiar ?— 
Which most of them still think. 


20067. But the position of affairs has very consider- 
ably changed within the last few months ’—Meanwhile, 
if we give them another four years, all leases to fall 
in will be down half in rent. 


20068. Some of our experts who were over there re- 
cently do not appear to have been struck with any foul 
condition of the streams when they were there. I see 
that they say—I suppose this is the Fiddich—* We in- 
spected the river for several hundred yards immediately 
below the town, and also a long reach about a.mile 
below the town, and found it apparently free from any 
serious pollution.” And in another paragraph they 
say :—‘“ The river and streams into which the effltients 
flow seemed to be clean and in good condition ” ?—That 
was not a fair time of the year. (Duke of Richmond 
and Gordon.) But might I ask this question: were 
those samples of the river taken on days when the 
effluent was coming from the distillery ? 


20069. This is a general observation?—If you were 
to go to-day below a certain distillery you might find 
nothing, because the waste products from the whisky 
making are going into the tank, but to-morrow he lets 
his tank go, and you will find a totally different state 
of things. 


20070. One quite appreciates, of course, the feeling 
of large landowners that this condition of:things must 
not be allowed to.get worse ?—I do not want to sug- 
gest that the distillers are always trying to cheat us ; 
I do not go.so far as that; but unless you are aware 
of the conditions of work going on at a distillery when 
a sample is taken from a river below that distillery, it 
is valueless, because to-day it is good ; to-morrow it is 
bad. (Mr. Menzies.) You. must live on the banks to 
know anything about it. 
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20071. (Chairman.) Mr. Herbert Hughes, you are, 
and have been for many ‘years, the Clerk of the  Mill- 
owners’ Association of the River Don ?—Yes. 

20072. Would you be good enough to explain to us 
what part of the River Don that covers?—The whole of 
it to the boundary of Sheffield. — 

20073. That does. not. include. Rotherham No,: 
does not include Rotherham. ' gi 


- 20074. We have heard of the Don as a very obalbated 


etréami: but that description would be applicable rather 


below than above Sheffield ?—Yes. 


20075. Above Sheffield, I take it, the Don is fairly 
pure, is it not?—Yes, reasonably pure.» 


20076. (Mr. Power.) Do they catch fish in the Don, 
in that portion of the. river.?—No, I doubt it ; there may 
be fish in it, of course; but it is not a river that you 
would resort to for that purpose. 

20077. (Chairman.) But there are a few mills in the 
Don above Sheffield ?—There-are a good many mills on 
the Don. above Sheffield, and on its tributaries. 


20078. How many. mills—six, eight,:ten?—Oh, more. 
20079. How soon-do manufactories. appear: on: the 


Don ?—Well, the highest up: is at Thurlestone. 


20080. Is .that. much Bpove Sheffield ?—About. 15 
miles above Sheffield. _ 

20081. Then most of your pau uinateries,: I assume, 
use their mill hates nae the purpose of power producing p 
—Only power. 

20082. They are fot: bseauteafetoties turning out trade 
effluents at all?—With one exception on the Don; that 
is a paper mill, and there are one or two’ wire works 
which may possibly turn some acid into the stream! 

20083. Which is the first dam you have on the 
stream ?—Bullhouse Mill, Thurlestone. . 

20084. Is that the one which formed the abe of 
recent legal proceedings P—Yes. 


20085. Well, the questions that I would ‘ab to you, 
Mr. Hughes, would be on two points, namely, first, ag 


to whether dam sludging did cause inconvenience: or 


nuisance ; and, secondly, as to whether the modification 
of the law, with aview to. preventing dam sludging, 


would seriously ‘affect: the manufactories. of -your.Asso-~ 


ciation ; and whether there is not some alternative -to 


the present : methods of sludging which would be less. 


objectionable than the present) ones are alleged to “be. 
Now, first of all, on. the question of pollution, .I: may 
take it, I suppose, that.it depends on, the character of 
the stream itself ?—Everything. 


20086. Whether the stream is a pllesod stream or is 


a stream of fairly fresh water?—Everything depends: 


upon it. 


20087. Therefore the evils of dam sludging would be 
necessarily very much greater in a polluted than in a 
pure stream ?—Yes ; a dam can only receive what comes 
to it down a stream, and the consequence is that if 
preventable pollution is permitted—and~ especially 
riparian pollution—some of the results of that will 
come into the mill dam; if, on the other hand, you 
could imagine a stream in which there were. absolutely 
no riparian pollution, then it follows as the night the 
day that there could be no polluting matter from the 
dams. 


6225—Ap. I. 


20088. Well, mot quite necessarily, because the up- 
holding of the suspended matter found in a fairly pure 
stream would involve some putrefaction, though possibly 
not anything like so important putrefaction as‘-would 
take place in a polluted stream ?—Yes; im precisely: the 
same way as in the natural run of a stream: you get ths 
sludging process carried out by the river, which: un. 
doubtedly might. produce, and does produce, some 
amount of.putrefaction.: Of course; coming down the 
stream you get:alluvial detritus, and you also get a 
certain amount: of vegetable matter. Now, what does 
a stream do for itself, a stream like the Don, which is 
the only one as to which I.am giving:evidence to you 
to-day? What happens?—Upon. the saddle back, the 
Pennine Range, as we call .it,:the division between‘ the 
East and the West; roughly speaking, you get an 
enormous >rainfall. Well, there’ comes a 
down comes the stream heavily charged with: alluvial 
detritus for the most part; but also, of course, with 
vegetable detritus. «Well,» what happens is this: 
As soon-as that flood has spent: its force there is a 
check, either from a turnin the» river or from a 
variation in level, ofcall that mass of stuff,.and there it 
remains until the: next fiood comes ; and if the last flood 
was in February, and the next:one is, as often happens, 
in the following autumn, the same putrefaction would 
go on:there in the reaches of the river as goes on in the 
dams. I have-no right to ask questions, only to give 
evidence but what I-want-to ask is this : How can this 
sludging of the dam be reasonably objected to,. if there 
has never been heard of a case of illness even, Jet 
alone danger to life from the effects of sludging 
dams ? You know we shave had to go—if I may 
use a homely expression—through the ‘small’ sieve 
with regard to this question of sludging in’ recent years. 
You know the Rivers Board—as to whom, on ground of 
courtesy, we are the best: of friends—told us that they 
intended to put in force their powers under ‘their Act 
+I dare say: you have -had that brought before you, the 
57 and 58 Victoria, They intended to stop dam sludg- 
ing, because they said that even ‘having regard to the 
saving clause which makes. it no: offence to put, or 
permit to be carried,.into any stream any sand or gravel 
or natural deposit——”’ 


20089.. Natural >—“ Natural apie which shall have 
flowed from or been deposited by the current of any 
such river or stream: provided that the sand or gravel 
or Other natural. deposit so put back or carried 
as aforesaid do not interfere: with the due flow of or 
pollute the waters of such river or stream.’’ Dam 
sludging was an offence. They said: ‘Under that 
we were going to try the question of dam sludging, 
because we are content that it both interferes with the 
flow of and pollutes the river.” Well, that was, so to 
speak, if somewhat hostile, nevertheless done in a 
friendly way; and we agreed that we would take this 
Rullhouse dam and we would sludge it in front of every- 
body interested. 


20090. The Bullhouse dam being the first dam on the 
stream ?—The first on the stream, ‘and we would try this 
put by the evidence of what they had seen during the 
process of sludging; and, accordingly, on a given day, 
notice having been given, we proceeded to sludge our 
dam, which had not been sludged for 12 months before. 
It was done in the ordinary way ; i do not know whether 
you have had any evidence as to how it is done; you 
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simply let the water 1un through the dam and you loose 
the masses of sand and detritus, and it goes on down 
the river in the ordinary way. Well, now, we had that 
dam sludging, and we had many eminent gentlemen 
there who both examined the process, took samples of 
the effluent, and generally instructed themselves as to 
what happened during the process of sludging. Follow- 
ing that, which we expected, of course, was a summons 
before the West Riding County Bench, Barnsley, for 
interfering with the flow of and polluting the stream. 
Of course, the form of the thing was for putting solid 
matter in the stream, and we, ot course, urged that our 
exemption covered what we did. They said: “No; 
you both interfere with the flow of, and you pollute, 
the stream.” Well, evidence was taken there, and the 
magistrates dismissed the case. Evidence was taken 
again before the County Bench in the Quarter Sessions. 
There were a great many magistrates present, but I do 
not know that that mattered very much. What does 
matter very much js that the West Riding Rivers Board 
used—perfectly legitimately and fairly, but neverthe- 
less did use—every means in their power to prove that 
this sludging would interfere with the flow of, and 
pollute, the river, the bulk of the evidence being given 
on pollution, I can tell you what a strong case was 
attempted to be made against us by telling you that 
they fetched Sir Frederick Bramwell down to give 
evidence on the subject, and he gave lengthy evidence, 
the result being that the case was dismissed again. 
Then under this special Act of theirs, the defendant 
being a public body, could appeal to the Divisional 
Court. They did so appeal, and the case was argued 
before Mr. Justice Wills and Mr. Justice Kennedy. 
At the end of this lengthened argument, unfor- 
tunately, one of these little judicial difficulties 
arose which do arise in these cases. The two 
learned Judges had some doubt as to whether they 
were able to deal with the facts; whether the appeal to 
them was not one purely of law. In that case, of 
course, they would have had to dismiss the case again, 
because the facts had been ascertained and adjudicated 
upon by the Courts of Quarter and Petty Sessions. 
When they had come to the conclusion that they could 
hear an appeal on the question of fact, it turned out 
that owing to Assize work and illness the Court could 
not be reconstituted, so we had to begin de novo, and 
we argued the whole case out on law and on fact, and 
the case on behalf of the Rivers Board was argued by 
no less able a person than Mr. Tindall Atkinson, who, 
you may depend upon it, made the most of his case, as 
he always does. The Court dismissed it again on the 
ground, which is the important one, if you will allow 
me to say so, from your point of view, that this sludging 
of the dam did not interfere with the flow of and did 
not pollute the river. 

20091. Then that was the conclusion, Mr. Hughes, in 
connection with the sludging of the dam, which was the 
first on the pure stream?—Yes; but that was taken 
voluntarily by both sides, because obviously what we 
wanted to get at was a reasonably fair trial. What they 
wanted to find out was whether the sludge in itself 
interfered with the flow of or polluted the river. They 
knew perfectly well, of course, that lower down the 
stream there had been many preventable cases of pol- 
lution, but it would not be fair for them because there 
were preventable cases of pollution, which, up to that 
time, they had not stopped, to urge those cases of pol- 
lution against us, because we had never done anything 
to contribute to them. If they would keep the river 
pure, then, except for the point which you made, which 
I have endeavoured to deal with, that is, that matter 
remaining in the milldam may give rise to some amount 
of putrefaction (very small, by the way, but may give 
rise to some putrefaction)--except for that point, if 
they make the stream clear there would be no question 
of pollution. 


20002. This particular case, Mr. Hughes, does not 
appear to have been a very strong one; it is a question 
as to whether the Rivers Board have been well advised 
in selecting it ; because the matters which were settling, 
which were held back, were matters coming down 
naturally in an unpolluted stream. You would agree, 
would you not, that very serious pollution would arise 
by the holding up of putrescible matters, say, from sew- 
aze P—Yes, 7 

20093. Holding these up for months, for a year, or 
two, before they are discharged wholesale into a stream ? 
—I follow yeu exactly, but look at the hardship. We 
will suppose, for a moment that the Rivers Board or 
other public authority is going to prevent all pravent- 
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able causes of pollution. Very well, they say during the 
time that we have not exercised our powers fully, or 
have not achieved our end, pollution will go into your 
dams and therefore you shall not sludge. Time goes 
on and the river has had removed from it a'] preventable 
causes of pollution; and you have stopped a harmless 
process; you have interfered with trade. Why? Be- 
cause, for a time, the Board or the competent authority, 
whoever it may be, has not removed the pollution out of 
the river ; in other words, it is the story of the wolf and 
the lamb exactly. 


200904. I am pleased to find that you have a lively 
faith in the ultimate purification of streams, Mr. 
Hughes P—As to that, Mr. Chairman, all I can tell you 
is this: Granted—and I grant it most fully, and so does 
every gentleman forming this millowners’ body; I will 
tell you why I say that with a confident belief in what 
I am saying in a moment—granted we all say we want 
pollution stopped ; are wholly in favour of pollution 
being stopped; but what we also say is this: With 
regard to a manufacturing river, a river running 
through a manufacturing district, what is the objective, 
the end, the aim, of those who desire to make that 
pure? Is it that they desire, as one of the hon. Com- 
missioners suggested to me a minute ago, talking about. 
fish, that we are going to see entirely removed all causes 
of pollution in the River Don; that the salmon pastures 
of Sheffield are again to become salmon pastures? If 
that is the desire, I do not hesitate to say, as a 
man of business and as a man of common sense, that it 
will never be done. The river is the natural adjunct to 
a manufacturing place. It goes down to Rotherham ; 
it goes down to Doncaster, and then it goes to the sea, 
without the slightest bit of harm or difference to any- 
body, whether it is polluted by manufacturing pro- 
cesses or whether it is not. 

20095. You say the river is the adjunct to the 
manufacturing process of a district >—Undoubtedly 
that river, the River Don, has been one of the causes 
of Sheffield rising from a little manufacturing village, 
where a few knives were made, into the great manufac- 
turing place which it is to-day. 

20096. But you do not suggest, do you, that the in- 
creasing impurity of the river can be an advantage to 
manufacturers ?—I do not say that for a moment, Sir, 
although I am not going to make it really a strong argu- 
ment or anything of that kind; but, as a matter of fact 
—I should almost say it has been a fact, and it is an 
undoubted fact, that since we took the sewage out of 
the River Don at Sheffield—quite the proper thing to do, 
of course—the water plays havoc with the boilers. The 
acids in the river were neutralised by the alkalies of 
the sewage actually; and as matter of fact, from the 
manufacturing point of view, the boilers, beyond the 
fact that they took some cleaning, did not get bitten and 
pitted with the acid as they do to-day ; and anybody in 
Sheffield to-day would tell you that the life of a boiler 
since the sewage was out of the river was less than it 
was before. But let me go back to the actual evidence ; 
that is only in passing. Take, Mr. Chairman, an 
ordinary case of an ordinary firm which does not pol- 
lute; take Vickers, Sons, and Maxim, or any firm you 
like in Sheffield who carries on manufacturing pro- 
cesses; what use do they make of the river? If they 
are upon the river they take the water in; they use it 
in their boilers for raising steam, and when they have 
done with it they put it back. 


20097. They probably use it for condensing also; do 
they use it for condensing purposes?—And for con- 
densing, too. When they put that water back into the 
stream; is it the same water as it went in; is it water 
that fish will live in? It cannot be; it must of neces- 
sity, by reason of the introduction of oil and other things- 
in the water running the boilers—it must of necessity 
become less pure and less suitable for fish to live in. 
But which is to survive—the manufacturer, who is 
giving employment to thousands, the manufacturer who 
is making England what it is, or are we to go back and 
make tlhe Don a river in which fish, we will say, will 
exist from the one end to the other, and the manufac- 
turers on the stream are unable to use it for the pur- 
pose of manufacturing ? 


20098. The point you raise is a very interesting one, 
but it is somewhat broad and a little way from the 
special point we are dealing with to-day ?—I quite agree. 


20099. The special point we are dealing with to-day, 
and upon which we are anxious to obtain information 
from you is, first of all, whether any nuisance does, in 
fact, arise from the sludging of milldams. Now, you are 
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able, I believe, only to give us information in regard to 
the sludging of milldams upon an unpolluted or sub- 
stantially unpolluted stream ?—Substantially unpolluted 
stream, yes. 


20100. And you give us as your opinion that nc 
nuisance arises; and that, in point of fact, in your view, 
no inconvenience arises ?—Yes, 


20101. But I would like to put this, at all events, to 
you—you may be in the main right on an unpolluted 
stream, but I would like to put this to you—that the 
action of your manufacturers in upholding the waters 
of such a stream gives as a result: the sending out 
into such a stream of a large accumulation of sus- 
pended matter, which, if it was allowed to go minute 
by minute, hour by hour, day by day, would not be 
felt. For instance, it is likely that the suspended 
matter in that city would not exceed two parts per 
100,000 in the natural conditions, except at times of 
storm. I have in my mind figures in connection with 
other rivers, not the Don; but it is exceedingly likely 
that, in times of sludging, the river would for some 
hours afterwards contain 100 times as much suspended 
matter ?—Just as it does in flood, you know. 


20102. It is suggested to us, if it is perfectly innocuous 
mineral suspended matter, sand, and so on, it will 
settle in the channel of a stream and only very slowly 
be washed away; and that the retention even of dead 
leaves and matters which come down the stream will 
cause an excess of a nuisance, which possibly might 
exist in theory, if they went down the stream minute 
by minute and hour by hour?—I do not think 
that it is anything like a correct view of what happens 
in a stream like the Don, to say that it goes down 
minute by minute and hour by hour, because it 
does not. The Don is really a mountain torrent. 
When you say a mountain torrent, you think 
of something with very high mountains and a very 
rapid river; but, nevertheless, it is in effect a moun- 
tain stream, a mountain torrent. What happens there 
is this: that the flood takes the stuff down, sewage or 
whatever it may be, and when it comes to some bend in 
the river, and the flood is exhausting its power, down 
goes the material in precipitation, and in the summer, 
in the dry time, the wiver itself has practically no flow 
excepting compensation water from the dams from the 
waterworks. 


20103. Then I gather from what you say that this 
stream is not so pure as I thought it was; you say it 
contains sewage ?—I was taking sewage ; I was coming 
to this point, that if you take the sewage out, which 
ex concessis must be done, then your cause of offence 
against the dam is gone; and that brings me back 
to a thing I was going to say to you about a minute or 
two ago, except as to the question of decaying vegetable 
matter, the volume of decaying vegetable matter, as 
compared with the solid detritus, sand and gravel 
which comes down the stream, is practically infinitesi- 
mal. 


20104. And then in your case, speaking generally, 
the evils of dam sludging are not great?—I do not 
think so at all; you know, all the way down to the 
lowest of our works, that is to the bottom of Sheffield, 
there is no sewage comes in except from certain little 
rural collections of houses, which are always such a 
difficulty ; you have a certain amount of sewage per- 
colating into the stream. Well, now, in our case that 
was brought as a possibility of pollution, and, of course, 
one after the other proved it on our opponent’s side, but 
it was like talking about putting a wineglassful into 
a big bath, or something of that sort. I mean the 
thing was too infinitesimal to have any real effect. 
Below us, of course, there is the problem of the Shef- 
field sewage effluent, which is giving rise to a great 
deal of trouble and anxiety to the Sheffield Corporation 
at the present time. 


20105. Then you have no cases of dams- on very 
polluted streams ?—No, and I do not like generalising 
from insufficient knowledge. 

20106. The point I want to make is this, that your 


2+ eee applies to an unpolluted stream ?—Practi- 
cally. 


20107. And that you state your opinion that ia such 
a case the sludging of a dam would probably produce 
no appreciable nuisance ?—It does not, in my opinion. 


_ 20108. But you do not want to convey, surely, that 
in any case dam sludging would give rise to no ay- 
preciable nuisance ?—No, I do not. I say it is not only 
my opinion, because we have been, as I say, through the 
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sworn testimony in three Courts. Take the last Court, 
which was careful enough, the Divisional Court, that 
examined the matter very carefully ; it is all down on 
sworn testimony that there has been no pollution. 
But take your case of a river which is polluted with 
sewage; just let us suppose for a moment that there 
was a large town at the top of the Don delivering 
large masses of crude sewage into the stream, would 
anyone think it would be a fair thing to impute to 
the process of sludging the fact that the pollution 
went on down the river at each sludging? Surely the 
answer would be:—Remove the source of the evil 
above; take the sewage out of the stream, as you have 
ample powers to do, and then there would be no 
sewage in the dams. 


20109. Yes, but the whole thing would turn on this, 
would it not, whether—by withholding these matters 
and Jetting them accumulate for months, and it may 
be for a year or two years, and then turning them out 
wholesale within a few hours into the stream—you 
are not condensing the nuisance into a very short 
period, which, allowed to spread over the whole period, 
would scarcely have been appreciable?—Well, you 
are asking me, of course, now about something which 
I have no means of measuring. Just suppose for a 
moment that Sheffield was sending the whole of its 
crude sewage into the river Don and passing it down 
through Rotherham, and that in between the two places 
there'was a mill dam, and that that mill dam was 
sludged at intervals of a year. Well, I should say that 
it would make no appreciable difference whatever. I 
should say that the nuisance of the crude sewage in 
that stream going down was the real nuisance, and the 
fact that you sent a few hundred tons or so of material, 
some of which was sewage, down that stream would 
not have any real effect in adding to the real difficulty, 
which would be the passing of the crude sewage of 
Sheffield in this stream going down to Rotherham. 


20110. We take that as your opinion; but you are 
probably aware, are you not, that grave complaints 
have been repeatedly made, say, to the West Riding 
Authority, which you have referred to, in connection 
with the evils of dam sludging; that the matter has 
received attention in other parts of the country; that 
papers have been read at Sanitary Institutes calling 
attention to the serious evils caused by these things. 
You are probably aware that there is another side 
to the question*—I am quite aware that there is 
another side to the question; but, of course, I am 
here to answer for the river Don. I do not know 
what would be the effect of sludging a mill dam in a 
comparatively still water ; but then, on the other hand, 
I fancy that the conditions of the river Don would 
apply in the case of other rivers, because from the 
nature of the things you cannot have these mill dams 
supplying power on any streams except rapid streams. 


20111. Then we are to take it, reiterating what we 
have been talking about for some time, that in connec- 
tion with this stream, which is substantially a pure 
stream, in connection with works which themselves 
do not turn out trade effluents, for the most part no 
serious evil, in your opinion, arises from the sludging 
of the dams ?—No. 


20112. Then the next question comes, suppose there 
was an alteration of the law brought about to put under 
the control of Rivers Boards, or other authorities, the 
sludging of these dams, would that, do you think, be 
considered to be an evil by your association ; would it 
hurt them to any important extent if they were obliged 
to let off those dams at certain periods to be selected, 
or at times of storm, or times of holidays, and so on ?— 
Would you kindly look at this, which I will hand in. 
(Document handed in.) I mentioned in my proof I 
would hand it in. 


20113. These are regulations by your association ?7-— 
These are rules as to sludging out of dams adopted 
at a general meeting of the Don millowners, held at 
the Cutlers’ Hall, on Tuesday, 29th June, 1898. 


20114. Then your association has imposed upon its 
members conditions?—Our association has imposed 
upon its members voluntarily conditions which were 
considered to be reasonable in connection with the 
sludging of dams. 


20115. Your association already recognise that in 
connection with dam-sludging if certain conditions 
are not fulfilled evils may arise?—Yes; but I rather 
think, if you will allow me to say so, that the question 
to which we addressed ourselves was not the question 
of pollution, which practically, in my opinion, dves 


@ 


Mr. 
Herbers 
Hughes, 
C.M.G. 
Dec. 1904 


My. 
Herbert 


Hughes, 
OOM. iG. 


8 Dec. 1904. 





4 


22 MINUTES OF 


not exist, but it was to the effect with regard to a large 
mass of solid matter interfering with the flow of the 
stream. Supposing a man, for example, did not sludge 
out his dam for five, six, seven, or eight years, anu 
then sludged it out, it would stand to reason that 
there would be an enormous mass of materials to go 
down ; and not only would he affect the stream by 
sending an enormous amount of solid matter m 
suspension down, but he also would affect every other 
millowner below him whose shuttles would be open. 
They would know nothing about when he was going 
to do it; their shuttles would be open, and in would 
go this mass of material, and the thing would have 
to be done three or four times over, which would be a 
wrong thing. The consequence was we put ourselves 
into the voluntary harness in order to insure reason- 
able. protection... For instance :— 


1.—All dams upon the streams should be cleaned 
out every year. 

2.—The time for sludging out dams. should, if 
possible, be during holidays or general stoppages; 
but no dam should be sludged unless there is.a 
good flow of water in the main stream.” 


The object of that, of course, being partly to prevent 
the other dams being made receptacles-of the sludging 
of the first, which would be to do the work three or. 
four times over—well, 30 times over if it went all dowa 
the stream; and on tbe other hand on the part. of the 
public that there should be a good flow of water on 
the stream, so. that it should not be clogged up by 
solid matter :— 


3.—As much water as possible should be passe] 
through the dam at the time of sludging, so 
as to carry it away rapidly and in as fine particles 
as possible, and the work, when once commenced, 
should be carried out expeditiously. 


4.—Information must be conveyed 48 hours be- 
fore sludging a dam to all the millowners.down 
the stream within a distance of five miles, and to 
the manager. of the River Don Navigation, Corn 
Exchange Buildings, Sheffield. 


That is because they have an intake in the dam for the 
purposes of their canal. Of course, they. are in the 
same position.as an ordinary. millowner; they do not 
want their shuttles open when material is going down, 
because they would have to clear it out again. 


5.—In case these rules are not generally adhered 
to by any millowner, he shall not be entitled to 
be defended out of the funds of the millowners in 
case a summons is. issued against him for sludging 
his dam. i 


Well, now, we put ourselves in that position. Now let 
me answer your question. Any regulations in reason 
as to how dams should be sludged will be cheerfully 
accepted by the millowners’ body. I have told Mr. 
‘Trevors Edwards, who is the solicitor to the West Rid- 
ing Rivers Board, that the moment he abandons the 
position which he is taking up, his Board are taking 
up, of abolishing sludging altogether; which woul 
mean abolishing the water power altogether, and says: 
—“Now, how can we put our heads together ; how can 
we best sludge out the dams; can we Say that a year 
is too seldom; do it once in six months, or something 
of that sort.” _We should immediately become respon- 
sive. We. should welcome anything of that kind, 
granted that dam sludging, which is the only prac- 
ticable means of getting rid of this detritus, which. 
comes to us down the river in the natural way is 
admitted. Granted that is admitted, that we have 
a right to get rid of it in the old, ancient way, 
with no harm to anybody, never having created an 
epidemic, or even a single case of illness, so far as 
we can find out, we are willing to have such regulations 
as may be reasonable, that would cause the least incon- 
venience to millowners on the stream and everybody 
concerned. 


20116. Then the fact that your Association have 
agreed to submit themselves to these regulations, that 
you yourselves have drawn up, I think may be taken as 
proof by this Commission that in the absence of some 
control, self-control in this case, but in the absence of 
some control dam sludging may be a serious evil ?—It 
may be an inconvenience. 


20117. Well, put it that it may”be an inconvenience ? 
—You see, Mr. Chairman, may I differentiate between 
pollution and the other thing that we have got to avoid 
—that does not so much concern you, although it very 
mu2k cencerns us—the interference with the flow:of the 
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stream. These regulations are aimed to prevent just this. 
Two or three people might sludge their dams together at 
a time of dead low water; that material might go down 
the stream, and by reason of the stream not flowing at 
any rapid rate it would be precipitated, creating sand- 
banks—that was tried to be alleged against us—and 
so forth in the stream. Well, our object is to avoid 
all that, and also to avoid that we are sludging our 
dam, getting rid of our solid matter and sending it 
down the river in a state of suspension just as the river 
does when it is in flood to our neighbours’ detriment, 
and to ensure that the other people down below should 
close their shuttles so that they should not have any 
portion of it coming into their dam, as they would have 
to repeat the process at a later date. 


20118. In short, for dam-sludging some control is’ 
necessary ?—I think: it is desirable in the interests of 
everybody concerned in the river; but in the interests 
of the prevention of pollution I do not think any control 
is necessary, because I-do not think, in a properly: 
regulated stream, there would be pollution worth speak- 
ing about in the sludging of the mill dam. ° r 

20119. And we are to gather, are we, that if some 
reasonable control is in the hands of such bodies 
as Rivers Boards; you think thatthe manufacturers 
would. willingly submit. te reasonable’ conditions? 
—If, with all respect to the Rivers Board, I might sug- 
gest that there was an appeal to some body. Iam not 
myself filled with: admiration as to the moderation of 
the West Riding Rivers Board. On the contrary, I 
regard the West Riding Rivers’ Board, under its pre- 
sent policy, of being a body—I must say nothing offen» 
sive—of a distinctly interfering kind, 

20120. Naturally ; it is the nature of their business? 
—For my part, I think the West Riding Rivers Board 
would pursue their ideal to the extent of enabling boys 
to catch trout in the confines of the City of Sheffield, 
and would not care a little bit if by doing so they had 
to interfere, as they would interfere gravely, with the. 
trade of Sheffield, ‘and put an additional shackle: on. 
people already shackled badly enough in their struggle 
for life in trade in competition with other places. 


20121. I am afraid the policy of the Rivers: Board is 
not. before us to-day. They. cannot carry: it out: of: 
necessity unless they interfere with somebody ?—Mr. 
Chairman, you asked me if I would leave it to the 
Rivers Board. No, I would not. I think we need not 
go into that subject, but some. body, probably the Local 
Government Board, should have a voice in the matter, 
or on appeal, as to any regulations. .Then,~by all means, 
if it is thought that regulations, further than those we 
have made, should be adopted, let them be put forward. 


20122. Are you familiar with the Third Report of 
this Commission, in which a, suggestion was made that 
in connection with trade effluents, for instance, there 
should be in the first.instance an appeal to the Rivers. 
Board, and from the: Rivers Board to a Central: 
Authority in London ?—Yes. 


20123. Then such an appeal would meet your diffi- 
culty ?—It would meet the difficulty of regulation only. 
Mind you, I do not give way on the question of regula- 
tions unless it is admitted that the dam sludging is to 
go on. I mean to say the dam sludging, subject to 


regulations, yes; regulations which would abolish dam 
sludging, no, 


20124. You mean that under no circumstances would 
your Association desire to consent to removing the 
sludge in carts or barges on to land; is that what you 
mean ?—Al]l I have to say about that—I am glad you 
have mentioned that now—is this: It is as absolutely 
impracticable as anything could possibly be. Take the 
City of Sheffield, now; take the works in the City of 
Sheffield which have refuse to get rid of, furnace 
slag and so forth. What happens to it? Well, 
it has to be carted, perhaps, from two and a half to 
three miles from the works. When it gets to its 
destination it has to be deposited at a cost of from 6d. 
to 9d., and in some cases 1s. per cubic yard. Practi- 
cally speaking, it would be absolutely prohibitive; you 
would not be able to use your water-power if you had 
to remove the proceeds of this; which, of course, in 
this instance is really the natural detritus coming down 
the stream. The weight of material which requires to 
be moyed would be immense, not harmful material, 


but the ordinary sand and detritus that comes down 
the stream. 


20125. But you say it would be impossible—I sup- 
pose financially impossible—for a manufacturer to re- 


-move the sludge from his mill dam, but, as a fact, does 
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not almost every manufacturer have to cart away his 
ashes from his boilers ?—-Yes, 


20126. And trade detritus of a solid kind ?—Yes;. but 
the power you get from the dam is somewhere about 
40-horsepower, we will say; there is horsepower that 
does not cost you anything. If you remove the detritus 
brought down by the alluvial stream to the land from 
your dam you will be removing a very large amount of 
material as compared with the 40-horsepower, as com- 
pared with the ashes and slag and so forth from a 40- 
horsepower engine. 


20127. Do you suppose it would be more ?—Un- 
doubtedly it would be more. 


20128. Why, it would only have to be moved pro- 
bably once in a year or once in two years ?—I honestly 
wish that the Commission could not just have to- hear 
what I have to say, but would come and have a look at 
a mill dam when it is sludging out and see the:masses 
of sand and material that have to go down the stream 
just as it is brought by the stream. I assure you it is a 
very difficult problem, and it was attempted in evidence 
in our case to be proved by the West Riding Rivers 
Board, by way of showing that what they were doing 
was not unreasonable, that we could remove this 
material, and that it would cost us very little to do 
this, while the fact was just the opposite. 


20129; As a fact, in many cases it is so, is it not; 
possibly not in your district, but in others >—As to that, 
unless I absolutely know the circumstances, I should 
not like to pass an opinion; What I do-know is this, 
that the waters of the River Don-give'us.free power to 

-the extent, perhaps, in some instances, of 40-horse- 
power free. I say that if upon the advantage of that 
you put the difference between sending men into the 
dam to loosen the stuff, and-letting the river, as it will, 
carry it down, and the carting of the material from the 
dam to carts to take it away. from the place a 
long distance, and the money you have to pay to de- 
posit it, I simply say that it would kill the water power, 
that is all, And what I ask the Commission is this: 
As I said before, I am, and so are these millowners that 
I act for, absolutely in favour of stopping anything 
which puts human life in peril or brings sickness, 
but what we ask you, and any body of gentlemen who 
are addressing themselves to the subject, is this: If it 
cannot be proved that the sludging of the dam pro- 
duces illness, sickness, or some other thing which is 
not consistent with trade, why should you interfere 
with trade to the extent of abolishing dam sludging 
which does no harm? Now, let me put to you why I say 
my people are in earnest in that. You are, I dare say, 
aware that we are largely dependent for water power 
on the supplies of water—called “ compensation water,” 
which is provided by Statute ; public bodies impound 
the water as Dewsbury, Barnsley, and Sheffield have 
done-—Sheffield’s “‘ compensation” from the Loxby and 
Nevelin watersheds being as much as 94 million gallons 
a day, we are dependent upon that water, but never once 
have the millowners refused to give up that supply in 
times when they wanted it most—for a consideration, of 
course, but to give it up when it was worth a great deal 
more to them than anything they got for it, because of 
the domestic needs of the people. Now, on that we 
have always given way, and always recognised the 
domestic needs of the people for water. 


20130. I do not think it is a matter so much of sick- 
ness, as of inconvenience. For instance, the manu- 
facturer below on the stream, your regulations imply 
that there is inconvenience of that kind unless proper 
precautions are taken ?—Yes; inasmuch as the detritus 
goes into other dams. 


20131. Your evidence is largely limited to a stream 
which is almost unpolluted, and I do not know that I 
need keep you longer by asking you any more ques- 
tions ?—I should just like to say one thing, and that is 
this: There are a great many dams; as you will see, 
they are printed here; here is a list of the works which 
are on the Don; you will see the number of people who 
are using this water-power over and over and over again. 
You can imagine how valuable it is when you look at 
the list of names: Well, now, dam sludging has gone on 
up to the present time. I have never heard, in the 
whole of my twenty-eight years’ experience in Sheffield, 
any complaints whatever on the part of the people who 
were taking in the waters of the Don for engine pur- 
poses in Sheffield, of which there are a large number, 
of any inconvenience whatever caused by solid matter 
in suspension, arising from the sludging of dams. 
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20132. But surely that is due to the regulations 
under which your association works ?—Precisely ; and, 
as I told you, I would not object to regulations of that 
type. 

201524. Before asking my colleagues if they have 
any questions they would like to ask you, I may men- 
tion incidentally this: I know a little of the subject 
before us, that the waters of the Don were generally 
acid, and that the alkalis used in connection with 
sewage treatment had their utility. That acidity is 
largely due, is it not, to the sending into the stream 
of water from mines?—Well, the ochre water hes 
scme effect. 


201335. Is it not mainly due to the ochre water, or 
is it to the pickle ?—I should rather be inclined to think 
that it was material from the wire mills—which had a 
good deal more to do with it, the acids from there. 
You will remember some time ago there was a great 
scare about lead-poisoning. It isa peculiarity of water 
undeniably pure which comes off the moors in our 
neighbourhood that it does contain a quantity of acid, 
and that the acid will take up the lead from lead pipes, 
and therefore also attack other metal, and that 
that has to be neutralised, as it is neutralised by the 
adding of.chalk, and so forth; so that practically you 
have got a state of things arising with the pure water 
which is drunk by the people of Sheffield, and which is 
as hear purity as you.can possibly get, because it is 
nothing but water running off moorland:into the reser- 
voirs.. That water carries acid with it, and if it is not 
neutralised by.chalkiit will take up the lead of the pipe 
and.produce lead-poisoning. 


20154. So that you have three sources of acid ?— 
Yes. 


20155. The natural source of the moorland waters ? 
—Yes. 

20136. And the ochre water and the effluent from 
the wire ?—Yes. I thought you had heard of it, be- 
cause it led to a scientific discussion. Many causes 
were alleged as to why the water was acid and why it 
took up lead. 


20137. (Mr. Stafford.) Have you had any analyses 


made of this sludge ?—Oh, yes; very careful analyses. 


have been made with the view of proving that it is pol- 
luted, and those analyses were put in proof in our case. 
Analyses by the whole of the staff of the Rivers Board 
and the County Council were taken most carefully. 


They had bottled the effluent as it went down while 


the sludging was going on, and brought that evidence 
before the Courts. 

20138. What was the result of these analyses ?—It 
did not prove pollution. It was all right from appear- 


ance point of view. They shook up the bottle, and it 
went rather black-looking, and that was supposed to 


create an effect, but the analysis utterly failed to show 


that it was polluted. 


20159. Do you hand in any of these analyses in your 
statement ?—No, but I should think you could get at 
them. The proceedings in the case would be open to you. 


I should be very pleased, indeed, if the Commissioners: 
I have- 


would like it, to send them the shorthand notes. 
only one copy—they could easily have them printed 
if they wanted to—of the trial before the Quarter 
epee which raised the facts, and you will see the 
acts. 


20140. It might be interesting to have the analyses 
(Chairman.) We could get these from the 
Rivers Board ?—It does not matter whether you get 
it from the Rivers Board or myself. We had a joint 
shorthand note. 





20141. You tell me the pollution was not proved ?— 
Oh, no; if it had been 





20142 Do you assume that is so because the prosecu- 
tion failed ?—That is the only ground upon which it 
could fail. 


20142*. Was there not another ground—that there 
is an exemption, is there not, in connection with the 
Rivers Pollution Act, if you merely send down what 
belongs naturally to the stream?—One moment, Mr. 
Chairman. You may send down the natural detritus, 
but listen to this proviso—this is what we were attacked 


upon :—“ Provided that the sand or gravel or other’ 


natural deposit so put back or carried as aforesaid 
does not interfere with the due flow of or pollute the. 
water of such river or stream.”’ So that if they could 
have proved pollution—it was what they tried to prove 
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-—or if they could have proved interference with the 
duo flow, which they also tried to prove, we should 
have failed; but, as a matter of fact, they trie to 
prove them both, and failed to prove either; therefore 
we got our case. 

20143. (Mr. Power.) Apart from obstruetion or pol- 
lution, was there any evidence produced that people 
had suffered disadvantage from the sludging?—No; 
that disadvantage is legitimised by the Act if there be 
a non-polluting discharge. 

20144. I mean riparian people ?—No, I have never 
heard. No; there was no case made of that sort. so far 
as I know. 

20145. Is there another river Don in the West Rid- 
ing which is connected in any way with Heckmond- 


wike 2? — Not in the West Riding, so far as my know- 
ledge goes. There is the Little Don, which is a tribu- 
tary to the Great Don; that is the river on which 
Sheffield has made its new waterworks. 


20146. The Don flows, after leaving Sheffield, through 
Rotherham and Doncaster ?—Yes, and down into the’ 
Trent, and from the Trent into the Humber. 


20147. Oh, that way?—I think so. I will not be 
absolutely certain, but if you had asked me some time 
ago I should have been familiar with it, because we 
had a case in which the point occurred. The Don 
runs into the Trent, and the Trent runs into the 
Humber. I think that is the course of the river. 





Statement handed in by Mr. Hersert Hucues, C.M.G., Clerk to the Don Millowners’ Association, 


RIVERS DON, LOWER DON, AND LOXLEY MILLOWNERS. 


Routes as to Sludging out Dams, adopted at a 
General Meeting of the above-named Millowners, held 
at the Cutlers’ Hall, Sheffield, on Tuesday, the 28th 
day of June, 1898 :— 


i—All Dams upon the stream should be cleaned 
out every year. 


“2.—The time for sludging out Dams should, if 
possible, be during holidays or general stop- 
pages, but no Dam should be sludged unless 
there is a good flow of water in the main 
stream. : 

3.—As much water as possible should be passed 
through the Dam at the time of sludging, so 
as to carry it away rapidly and in as fine 
particles as possible, and the work, when once 


commenced, 
ditiously. 


4.—Information must be conveyed 48 hours before 
sludging a Dam to all the Millowners down 
the stream within a distance of five miles, and 
to the Manager of the River Don Navigation 
Corn Exchange Buildings, Sheffield. - 


5.—In case these Rules are not generally adhered 

- to by any Millowner, he shall not be entitled 

to be defended out of the funds of the Mill- 

owners in case a Summons is issued against 
him for sludging his Dam. / 


Dated this 5th day of July, 1898. 


should be carried out expe- 


Hersert Huenss, Clerk to the Millowners. 
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_ List oF MILLS AND WORKS ON THE LIVERS Don, LitrtLe Don, AND LOXLEY, TOGETUER WITH THE 


NAMES OF OCCUPIERS. 








RIVER Don. 


RIVER DON—continued. 


River LOX Ley. 








Bullhouse Mill, Penistone. 
Goldthorpe and Hinchliff. 


Millhouse Works, Penistone. 
W. Smith. 


Eckland Bridge Works, Penistone. 


W. Hoyland and Co. 


Plumpton Mill, Thurlstone. 


Thos. Tomasson and Sons. 


Thurls{one Corn Mill, Thurlstone. 
F. Booth and Son. 


Thurlstcne Oil Mil!, Th ilstone. 
W. Whiteley. 


Nether Mill, Penistone. 
Goldthorpe and Hiucheliff. 


Oxspring Wire Mill, Penistone. 


G. Winterko’ tom. 


* Oxspring Corn Mil), Penistone. 


Thomas Dransfield. 


Old Wire Mills, Thurgoland. 


Jagger Brcthers. | 


New Wire Mills, Thurgoland. 
G. Wordsworth and Sons. 


The Tilt Mills, Thurgoland. 
Joseph Dy-en and Co, 


Upper Forge, Low Forge, and Tin Mill. 
* Thomas Andrew, 


Wortley Lon Forges. 


Deepcar Mills, Deepear. 


John Armitage and Sons. 


Dyson Holmes Forge, Oughtilridge. 
Josh. Rodgers & Sons, Ltd., 


Norfolk Street. | 


Spring Grove Corn Mill, Oughtibridge. 


Spring Grove Paper Mills, Oughti- 


bridge. P. Dixon and Sons. 


Oughtibridge Forge, Oughtibridge. 
, A. Bl.ckwell. 


Oughtibridge Low Tilt and Corn Mill. 


Middlewood Iron and Steel Works, 
Middlewood. 


| 


Beeley Wood Steel and Iron Works, 


Wadsley. Henry Burkinshaw. 


Clay Wheel, Wadsley. 
Thos. Firth and Sons, Ltd. 


Niagara Forges, Wadsley. 
; A. Stringer. 


Marshall’s Forges, Wadsley. 


Wardsend Steel Works, Ward:end. 
Wardsend Steel, Cempainy. 


| Old Rolling Mill, Owlerton. 


Old Park Corn Mill, Owlerton. 


Old Park Silver Mill, Neepsend. 
Old Park Silver Mills Co., Ltd. 


| Clifton Steel Works, Neepsend. 





Jno. Hy. Andrew and Co., Ltd. 


Philadelphia Steel Works, Penistone 
Road. Burys and Co., Ltd. 


Britannia Corn Mills, Alma Street. 
H. & W. Ibbotson. 


Millsanas Works, Millsands. 
Sheffield Forge and Rolling 
Mills Co., Ltd. 


- Wicker Tilt and Forge, Wicker. 








Wicker Wire Works, Blonk Street. 
J. G. Cocker. 


Don Steel Works, Savile Street. 


Francis Hobson, Seaman, & Co. 


Royds Mill, Attercliffe. 
Thos. Marrian and Co., Ltd. 
Edwin Whitton. 


Attercliffe Steel Works, Newhall Road. 
Sanderson Bros. & Co., Ltd. 


Brightside Works, Brightside. 
W. Jessop and Sons, Ltd. 





LITTLE Don. 





Midhope Corn Mill. 
Herbert Woodhouse. 


_ Stocksbridge Works. 


S. A. Parkin. | 


Middlewood Forge and Rolling Mills, | 


Middlewood. George Clarke. 
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Saml. Fox and Co., Ltd. | 


Henholme Pipe Works, Deepear. 


J. Armituge and Sons. 


Deepcar Mill. 





Bradfield Corn Mill, Bradfield. 
J. Crapper. 


Storrs Bridge Forge, Loxley. 
Swift Bros. 


Old Wheel Steel Works, Loxley. 


Thos. Wragg and Sons. 


Ashton Carr Mill, Loxley. 
C. V. Bunting. 


Rowell Bridge Wheel, Loxley. 
Pitchford and Elliott. 
W. Williams. 


Olive Paper Mill, Loxley. 
B. Swift. 


Little Matlock Works, Loxley. 
Kenyon Bros. and Co., Ltd. 


Green Wheel Tilt, Loxley. 
C. V. Bunting. 


Glass Tilt, Loxley. 


Pattinson and Co. 


Loxley Steel Werks, Loxley. 
H, Denton, 


Wisewood Forge, Loxley. 


J. Wood and Sons, 


Wisewoud Rolling Mill, Loxley. 
J. Wood and Sons. 


Malin Bridge Wheel, Malin Bri¢ge. 


German Wilsor. 


La Plata Works, Malin Bridge. 


Burgon and Bal). 


Limerick Wheel, Malin Bridge. 
Ward and Payne. 


Owlerton Wheel and Wire Mills. 


Woodsworth and Sons. 


Nether Owlerton Whee), Owlerton. 
S, Laycock and Sons, Ltd. 


Owlerton Old Paper Mill. 
S. Laycock and Sons, Ltd. 


Birley Meadow Tilt, Owlerton 


Denton and Best. 


Uprer Slack Works, Owlerton. 


D. Doncaster and Sons. 


Nether S'ack Works, Owlerton. 
Thompson Bros. 
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MINUTES OF EVIDENCE : 


J. Seuwyn Rawson called in; and Examined. 


20148. (Chairman.) You are a millowner ?—Yes. 
20149. On the river Don ?—The river Ryburn. 


20150. Which flows into the Don t—No; it flows 
into the Calder; it has no connection with the Don. 


90151. Where is your mill?—It is upon the stream 
above Sowerby Bridge. 

90152. You have no connection with the Don ?—No ; 
it is a different district altogether. It really starts on 
the Pennine Range, higher up on the Blackstone Edge 
Range. 


20153. Then the stream on which you are situated 
is the ?—The river Ryburn. 

20154. And that is a tributary of the Calder ?— 
That is a tributary of the. Calder. 


20155. ‘Then is that stream, as it comes to your 
mill, substantially a pure stream, or are there dams 
above you?—There are dams both above and below. 


20156. Is there any sewage coming into the stream 
above you or any trade pollution ?—There is very little 
trade pollution, but in the evidence that was given in 
our case when we were prosecuted by the Rivers Board 
it was stated that there were 490 cottages which 
drained into the river. 


20157. Above you?—Above us. I am not here to 
dispute that; my own evidence was that there were 
120. 


20158. It is immaterial ?—It took a larger range. 


20159.. You agree there is sewage coming into the 
stream ?—Yes. 

20160. And therefore by impounding the waters at 
your mill you are holding up something of the sewage 
or suspended matter which otherwise would pass down 
into the stream?—Yes, we are holding up a certain 
quantity ; we must do. 


20161. Now, do you suggest by doing that you do not 
cause any evil to arise, first of all in your dam and 
afterwards in the river in times of sludging?—No; I 
do not think so, 

20162. You absolutely hold, do you, that no evil is 
produced ?—Yes; we never have had any complaints. 
From the mills above we have never found anything to 
complain about, provided they did, as it seems the Don 
millowners do, sludge at holiday times and give the 
lower millowners notice. 


20163. (Mr. Power.) What-is the next nearest te 
your mill, of the mills below you ?—Major Morris’s. 

20164. How far?—If I might explain; the mill that 
we were prosecuted for is not my mill now. My brother 
and I were running it, and we have since given up manu- 
facturing, and it is not used now. That was the Thorpe 
mill dam, the next mill dam below us was Morris’ 
dam, which is about a quarter of a mile below; then, 
again, after that I have a mill dam which is about 200 
yards below that, and then about another quarter of a 
mile below my cousin has another mill dam, so we are 
all on the same stream. 


20165 The dam of your disused mill will now bo 
shut off from the river, or will that continue to be 
sludging up?—No, it is disused for anything except 
running a dynamo. 

20166. (Chatrman.) If you had a mill dam imme- 
diately below you, you would think it necesary to give 
them notice when you were to sludge P—_We always did ; 
as a matter of courtesy we used to two miles further 
down the river, as far as Sowerby Bridge. 

20167. Then a temporary evil does arise, and you 
think it necessary to warn persons down a stream to 
close their valves ?—The evil would arise from the fact 
that below our mill dam, at the next mill they have a 
mill weir, and if we did not sludge in a holiday time, 
or if there is very little water going down the river, all 
our sludge; or, at any rate, a considerable portion of it, 
being so close together, would pass into their dam. 

20168. So it is necessary to have some control ?—I 
think so, 

20169. You agree that some control is necessary ?-- 
Oh, I do not dispute that at all. 


20170. Are we really to take it as your deliberate 
opinion that the upholding of these matters, partly sew- 
age matters, in the mill dam, produces a sludge which is 
innocuous, which is likely to give rise to no nuisance at 








all, even if let out at long intervals and large quanti- 
ties ?—If I might go back 

20171. We will take that from you if it is your view? | 
—Oh, yes, it is so. I was only going to say, if I might go 
back 50 yeats, we used in those days to sludge our dams, 
as a rule, once every three or four years ; not every year, 
and the river was full of fish; we never found that it 
damaged the fish in any way; to-day there is no fish in 
the river. 

20172. (Mr. Power.) Were the dams sludged, many 
of them simultaneously ?—No; I do not think so. 


20173. Or in regular order ?—No; I do not think so, 
because we should, perhaps sludge once in, three years, 
and we usually did it at hol'day times. 


20174. What is the effect of giving notice; is it not 
that perhaps all mills sludge their dams at once and the 
same time ?—Oh, no, not at all, 


20175. (Chairman.) Then, though you have not had 
any complaints, you say, in regard to the sludging of 
the dams, which you no doubt carry out so as to avoid as 
far as possible producing any evil, you know that on 
other streams there have been serious complaints of 
dam sludging, do you not ?—Well, I could not say any- 
thing about that. I do not know that any millowners 
have ever complained to us, and I never heard of any 
doing so on our stream. 


20176. But you recognise that it will, temporarily at 
least, largely increase the suspended matter in the 
stream if you sludge out a dam which has not been 
cleaned for a year or so?—It will for a mill possibly 
down the stream. 


20177. And you recognise the necessity of some con- 
trol of dam sludging ?—I do not think there would be 
any harm in it, supposing there was reasonable control. 

20178. As a fact, nobody has any control of dam 
sludging at present ?—No; they have not, 

20179. And you think it would be reasonable that 
somebody should be given such control?—I think so. _ 
20180. Would you be satisfied to place it in the hands 
of the Rivers Board, subject to. appeal to a Central 
Authority P—Yes, I think so; subject to appeal. The 

Rivers Board, I know, are a very hardhearted body. 

20181. (Mr. Power.) Have you at present on your 
stream any general rules. governing sludging ?—No; 
none whatever. We have no Millowners’ Association 
on our stream. . 


20182. (Chairman.) At present there is no control ?— 
No; none whatever. 





20183. You think that control is reasonable ?—Yes ; 


we have never had any case of complaint from our 
neighbours, 


20184. If damming sludge were prohibited, and you 
were compelled to remove your sludge in carts or barrels 
on the land, would you consider that would be a pro- 
hibitive expense for a manufacturer ?—Well, in two in- 
stances. In one instance, the mill dam above the 
Thorpe dam, it will be an impossibility almost. 


90185. In certain cases ?—Yes, 


20186. But in many cases it would be possible P—My 
own dam it would be almost impossible to remove it, 
because on the one side there is a precipitous rock you 
could not get up or down; in fact, it is cut out of the 
side of the hill almost, and on the other side there is a 
bank which is too narrow to get a cart and horse up 
between the stream and the mill dam, The dam is a 
matter of 200 to 300 yards long and 60 yards wide. 


20187. Then, in such case where, owing to the local 
situation, it would be! very costly to cart away the ma- 
terial, you would suggest that it would be better to let 
off the dam much more frequently ?—Well, we do let it 
off as frequently as possible on Saturday afternoons. 


20188. That is the remedy you suggest, is it not >— 
Oh, certainly. 


20189. (Mr. Power.) Have you not an alternative— 
namely, dredging from a flat-bottomed boat and convey- 
ing off the material to one end of the pond and there 
loading it into a cart and carrying it away. That 
might be possible under such circumstances as your 
mill dam ?—It would be an enormous expense, I am 
afraid. 


20190. Do you think it would P—I think it would. 
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20191. It is'done, you know, constantly in navigable 
rivers P—I know it is in rivers. ; 

20192. In rivers and mill dams in some parts of 
the South of England it is very frequently done. It is 
done pretty frequently, not: waiting; five or six “years. 


It has: the advantage that it does not send large . 


masses of suspended matter.down ; it takes a great deal 
of it out ?—I have never seen it done except dredging 
in harbours. 


20193.:I-do not know :the :relative, cost. of dredging 
compared, with that. of running 
Suppose we had to take and. wheel. this out. 
Of. necessity. before. you, could, wheel, it. the mill 
dam-.would probably have. to. be. emptied, and 
remain empty for a week or ten days, because it 1s 
quite thin, and it would require to stiffen before it could 
be dug or wheeled, ‘so that it would, in the first place, 
mean closing the works for a week or ten days, and 
then I should say it would probabl, take nearly a fort- 


night to empty any’of these mill dams by wheeling ott.’ — 


20194. :The dredging, plan froma punt would be pre- 
ferable in.that it would. not stop the works?—If. it 
could be done, certainly. ; 

20195: If it could be doné ?—Im this Thorpe mill dam, 
at the end where it discharges into the river, the lower 
end, it is about 15 feet below the bank, so that: would 
all have to -be-either lifted by.a steam crane or else 
wheeled up from steep planks. 


20196. (Chairman.) There are many cases where it is 
quite possible todo this, are there not'?—To wheel it 
out? ° 

20197; Yes?—Oh, there are, certainly. =, 

26198. Where theres is ‘adjacent land?—Yes, cer- 
tainly ; if it were possible to wheel it out ata reasona ie 
cost I would wheel it out myself. 


20199. You. think. that. would be a proper thing to 
insist. upon. where practicable ?—Except for the ex- 
pense; as I say, having to close the works down for two 
or three weeks, 


20200. (Mr: Power.) It has some value.as manure, 
has.it not 2—Certainly,; I should be very glad to get 
the whole of it out for my own land, very glad indeed, 
if it.could be done at anything like reasonable cost. 

20201: (Chatrman.) Would it not be possible to pump 
the sludge ?-Oh, no, it would be too stiff. 

20202. Instead of leaving it empty for a fortnight in 
order to dry this material and then another fortnight 
empty while you cart it away, would it not be possible 
to pump the sludge out without emptying the dam ?— 
No; it-would be too stiff; you could not pump it. 


20203. Would: you give us your opinion upon another 
suggestion which has been made to us, that it is pos- 
sible to construct the bottom of the dam inclining to a 
well, and to:let pass away from the bottom of the well 
under pressure of the water in the dam certain quan- 
tities. of sludge. at. frequent intervals?’—Oh! the sludge 
would never reach the well... Take, Thorpe ‘Mill, with 
which Iam best.acquainted, as:I have lived there, 30 
years, in that case,-at perhaps 60: yards from the top, 
there is nothing but. sand, pure river sand; in fact, we 
have. wheeled out thousands. of tons.. We used to wheel 
out hundreds of tons a year. There was a very. ready 
sale for it, and after a flood a large quantity was always 
brought down of pure river sand, and we used to draw 


Mr, A. F. SOMERVILLE 


20211. (Chairman.) You are the chairman of the 
Ranitary Committee of the Somerset County Council, 
and have been so'for some years?—Yes, since 1894. 


20212. And you have some personal experience in 
fhe neighbourhood. of your own homie, I believe, of the 
be Sure se dam-sludging ?—Yes'; unfortunately I 
nave, ) 

20213. Would you tell us: you have, I think,.in the 
stream above you several of these dams, have you not? 
ta: first ofall, you are on the Doulting stream P— 

es. 

20214. And that is three miles from Shepton Mallet ? 
—The Doulting stream, the Ordnance Survey people 
called the Sheppey the other day, which they thad no 
reason to. The real old name of it is the Doulting 
Waiter, the Doulting stream. It is marked in the map 
aus the Sheppey—that is*a new technical name. The 

. source of the stream is one mile above Shepton Mallet. 
6225—Ap. I. 
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the dam off:on. Saturday afternoon and holiday times 
and put»a lot of men in and wheel it on to the bank, 
and we had a very ready sale for it at 1s. 6d, to 2s. a 
cart-load. Men would fetch it at that for building pur- 
poses, st 

20204. It would seem, then; that this carting away 
in that particular case was very practicable ?—That was 
at that end; that was about 60 yards from the top. 
Then you came down, further down to the sludge, and 
when you got to about 60 yards from the entrance from 
the stream it tails off into ashes and anything of that 
sort, and then‘ into fine sludge, and, of course, as you 
get lower down the mill'dam was considerably wider 
and considerably deeper; it was only at the top-end 
where the sand settled. ' 


20205. Then, in impounding these waters you do so, 
of course, for the advantage that arises from that to 
you?—Oh! yes, certainly. 


20206. That advantage is of considerable value, is it 
not ?—Yes, it is. 


20207. And it seems fair enough, does it not, to at- 
tach certain responsibilities ?—On the one hand we get 
the benefit; we get.the pull,.as we say, over the people 
down nearer Halifax by having water-power, but, on 
the other hand, we are so far out into the country that 
the eartage of coals for the engines and the cartage of 
goods, and general expenses come to more, so that if it 
were not for that we should be at a great disadvantage. 


20208., Well, briefly, your view, then, is that in your 
district the sludging of your dams has not given rise to 
serious complaints, that you think some control of dam- 
sludging is reasonable, that you would be ready to 
entrust that control to the Rivers Board with an appeal 
to a Central Authority, and that in those cases where 
it is not practicable to remove by carting, the best 
thing to be done.is to frequently empty, the sluage P— 
Yes. I may say that the millowners, as a rule, do 
usually draw their dams—I do not say sludge in the 
usual meaning of the word sludge when I am speaking 
of sludging, but—draw their dams off at holiday times 
and whew there is plenty cf water, arid then turn on 30 
or 40 men with spades’or rakes and rake it into the 
stream as it passes through, 


20209.. That is just what is complained.of, of course ? 
—Well, what a good many of the millowners do is this : 
Whenever there is a fresh on a Saturday afternoon, 
when they can allow the mill dams to be drawn off, 
they open their shuttles and let the whole of the water 
through, because naturally the more water we can 
collect in the mill dams the greater horse power we 
get, so it is beneficial to keep the dams as clean as 
possible. We do that for our own benefit. But still 
the water then “n those cases makes one or two defined 
channels through the mill dam, and the sludge, which, 
of course, has been. in suspension, settles over the whole 
of the dam, so it does little more than wash out these 
defined channels. 


20210. The: rest is pulled in?—The rest is pulled. in 
at the sludging time. I should like to say, as I said 
before, that there used to be a large number of fish in 
the stream, and there would be to-day, I believe, were 
it not for the:fact that there are paper works. It is 
the paper works that have caused the fish to be done 
away with altogether. There are some paper works 
started up aboverus. Of course, that is another matter. 


called in; and Examined. 


20215. One. mile above Shepton Mallet: it is 


quite 
a pure stream.’?—Yes ; quite a pure stream. ' 


20216. The first dam is at Shepton Mallet ?—Yes. 
20217. The first dam is at Shepton Mallet ?—The first 


one of any size is at Shepton Mallet, and I think that is 


the only one there which is used now, and one below 


' Shepton Mallet, at Bowlish, which-is a hamlet of Shep- 


ton Mallet, and then there are two in the village of 
Croscombe ; so there are four altogether. 


20218.\ And although the stream above Shepton Mal- 


‘let is substantially a pure stream, there is consider- 


able pollution from: sewage in passing through thé 
villages from Shepton Mallet. downwards ?—They have 
got a sewage farm at Darshill, the effluent of which goes 
into the stream, but the effluent is very much better 
now thanit used tobe. —~ 
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20219. But there is also some crude sewage from 
cottages /—There is a certain amount of crude sewage 
from houses in Shepton and Croscombe. 


20220. We may take it there is some crude sewage 
and some sewage efiluent, perfectly or imperfectly 
purified ?—Another sewage pollution, very serious pol- 
lution, is the large amount of droppings on roads. That 
road between Shepton and Dinder, where I live, is a 
road which is largely used for driving cattle to market, 
and there is a good deal of horse trattic on it too. 


20221. In times of rain ?—In times of rain all this 
is carried down into the stream. 


20222. Tell us what you find from your experience to 
be the effect of the holding up of the waters of the 
stream and the accumulation in the dams of the sus- 
pended matter coming down ?—So long as the hatches 
are down, of course, the suspended matter is precipi- 
tated—we get the water fairly pure 

20223. No nuisance arises from the dams themselves 
except at the times of sludging?—No, oh! no; it is 
rather the other way, you see. 


20224. They help to keep back matters brought down 
by the stream ?—Yes. 


20225. They are really precipitation tanks ?—They 
are precipitation tanks, and the stream being pretty 
rapid below, the amount of pollution which arises in 
these dams from the deposit of sludge is removed by 
the passing of the water in a rapid way down the 
stream. 


20226. Then if these dams were emptied so as to 
bring about the removal of their sludge on to land 
there would be a positive benefit to the neighbour- 
hood ?—Oh! yes; certainly. 


20227. But as a fact that is not done scarcely ?—No 


20228. And the sludge is pushed into the stream 
at long intervals?—Yes, that is what I complain of. 
I have been listening to the replies of the two last 
witnesses, and I was very much amused at one 
remark the last witness made. While I think 
of it I should like to refer to it. He said there 
was no pollution in the deposited matter in the 
dam, and yet at the same time he considered it was 
very valuable matter to put over his land. Now the 
two things do not agree. If there is no pollution, 
if the matter is not a polluting substance, it is abso- 
lutely useless when you take it as a manure, and the 
fact that it has a manurial value and contains am- 
monias which make it, of course, of value to put into 
the land, proves that the sludge is a polluting sub- 
stance. 


20229. If there is organic matter present ?—Yes, 


20230. Then what kind of nuisance has arisen from 
the sludging of the dams in your district ?—Chiefly 
this, that the times when they sludge are the holiday 
times. The holiday times are the driest times of the 
year, when the river is at its lowest, and the result is 
that of late years they take advantage of these holiday 
times to draw up the hatches. ‘hey send men in—a full 
army of men—with shovels and scrapers, and they 
scrape the whole of the stuff down into a very diminished 
stream, and it comes down solid mud. But when that 
happens there is, first of all, the blocking of our 
ponds and the stream below, and, what is a far more 
serious matter, is that it is absolutely impossible for 
the villagers below to use the water while this is 
going on; and, moreover, the cattle in the summer are 
all turned out in the fields—in the winter some of them 
would be in the houses, but in the summer they are 
in the fields—and they cannot drink the water. I have 
known cases where cattle have gone down to the water 
and have actually turned back and have been sick after 
drinking this foul water ; others will look at the water 
and turn away without attempting to drink it. 


20231. It is visible?You can feel it; it is like 
Egyptian darkness. 


20232. (Mr. Power.) Does it smell at all ?—Smells 
most foully. This matter which is deposited in the 
mill dam is a putrefying matter; it is organic, and it 
goes on putrefying, consequently. The top layers, as 
Mr. Rawson said, are sometimes valuable river sand, 
but, when you get down into the horrid polluting, 
organic matter, and this is put down the stream, it 
comes down with a low head of water in a most pol- 
luted state, and stinks like a sewer. 


EVIDENCE ; 


20233. It replaces the river water for the time 
being ?—It fills this little stream of river water with 
a highly polluting substance. 


20234. There is a large bulk of it in comparison with 
the water in the stream ?—Yes. . 


20235. (Chairman.) That is last year?—Last year 
was the worst year we have had; it lasted nearly two 
months. 

20256. How was that ?—They did it for a week or a 
iortnight—I think at the mill they were carrying out 
some repairs—and then after that they did it on Satur- 
day afternoons. The mill stopped off on Saturday, 
and men went into the dam every Saturday during the 
summer days; they would work, say, from one or from 
two up till six. . 

20237. (Mr. Power.) The same dam, do you mean ?— 
The same dam. It had not been sludged out for a long 
time. I never saw it so clean as it was. It required 
two months. It takes a long time to get the mud out, 
unless you do it systematically. The last time I saw 
it cleaned out systematically I remember as distinctly 
as possible that it was done with horses and carts. 
Of course, it is most expensive. Where I could get 
mud thrown at 3d. a load I paid: the other day 5d. 
1 know it is more expensive. I look upon it as part 
of the working expenses of the mill. 


20238. (Chairman.) Have you not any remedy at 
common law ?/—Yes; you have a remedy, but the diffi- 
culty is this: when one mill dam is sludging, the 
millers below start to sludge, too, or else it would fill 
up their dams; but while the unfortunate people lower 
down get the damage done, they cannot identify tha 
actual amount of sludge which is coming down as be- 
longing, we will say, to mill “A”; it belong to “A,” 
“ By’ and “c“ Cr | 

20239. The remedy at common law is the bringing 
home to any particular mill the source of the pollu- 
tion ?—You must fix upon one man, and I do not think 
that a joint action would lie against all three. 

20240. Now tell us, do you think the case would be 
met if some control in regard to dam-sludging were 
placed in the hands of either Rivers Boards or other 
authorities that might be arranged?—Yes; if the 
Government would kindly constitute Rivers Boards, or 
would compel County Councils to have medical officers 
of health, I think that something might be done. 


20241. Do you think that a Rivers Authority dealing 
with the watershed would be very valuable all over the 
country ?—Well, I think it would ; but, still, I do not 
see why it is necessary to multiply authorities. 


20242. You think the powers could be excercise 
by the County Council?—I think our Sanitary Com- 
mittee could deal with the matter if we had a medical 
officer of health and a proper staff to deal with it, and 
I do not think that would be any more expensive than 
constituting a new authority. 

20243. Would control, whether placed in the hands 
of a Rivers Authority or the County Council, of the 
sludging be sufficient without absolutely prohibiting the 
passage of the sludge into the stream ?—I think that 
there ought to be prohibition of this scouring, certainly. 
By scouring I mean to say the sending men to scrape 
down the sludge. 

20244. What I mean is this: If, for instance, the 
period of flood were selected for the dam sludging, first 
of all, is it practicable to select such a period, and then 
would the passage of the sludge at the time when the 
river was swollen do much harm?—I do not think it 
would do nearly so much harm, It would be quite a 
different thing if sludging were simply by pulling up 
the hatches, as I understand from the last two witnesses 
is usually done in their districts, and men were not 
sent into the dam to scrape it down, and if those 
hatches were simply pulled up, and there was no 
sludging except during the time of flood in the winter. 
It should be prohibited altogether in the summer ; 
shat is the time we feel it most. 

20245. Then the selection of the time for sludging 
would be one of the elements of control P—Yes. 

20246. And the other would be the frequency of the 
sludging ?>—Yes, 

20247. (Mr. Power.) Would it be a grievous burden 
to put on some millowners, for instance, the obligation 
to dig out adam? A few years ago, you say, it was the 
custom to do that, and now they have given it up; 
why is that ?—Oh! it is simply to save expense, because 
the law allows them. If the law allows a man to do a 
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thing which saves him expense he certainly will not go 
to further expense for the sake of his neighbours. 


20248. (Chairman.) You think that under the Rivers 
Pollution Act they have the right not only to impound 
the water, but to send down the stream the matter 
which has been brought down the stream ?—I think it 
was an unfortunate construction put on the Act by the 
Courts above. I do not think it was intended. 


20249. Do you think there should be an alteration of 
the law to meet this case P—Yes. 


20250. You really think the case is a serious case ?— 
Oh! yes, avery seriouscase. These two last witnesses 
looked upon the rivers as the property of different mill- 
owners, A, B, C, and D. I look upon them in quite a 

_ different light, as public property, in which are inte- 
rested riparian owners, villagers, and owners of land 
generally. 


20251. Do you wish to make to this Commission any 
suggestion except those which have been brought out in 
your answers?—No; I think not, except this: that I 
am inclined to discriminate between streams in purely 
country districts and rivers such as are mentioned 
above, which are always of a polluted character. There 
is no reason at all why our streams should not be suffi- 
ciently good for nearly every purpose. Our own stream 
would be with a little asistance from the County Coun- 
cil. If we had a medical officer of health and that sort 
of thing, I think we could make most of our streams 
pure. But in that case I think the sludging ought to 
be stopped. I would go so far as this: I would allow 
the hatches to be drawn at a certain time of the year, 
but I would not allow any sending of men into the dams 
and scouring them down—raking down the sludge. 
When the mill dam required to be emptied, then I 
think the hatches might be drawn, and the sludge du¢ 
out and carted away. I think there would be no harm 
done in that, and if there was any special case where 
the sludge could not be dug out and carted away, then 
I think special leave ought to be given. 
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20252. There is just one other point I would like to 
ask you, and that is: There are a certain number of 
streams with what one might call derelict weirs, are 
there not P—Yes, 


20253. Do you think that some power should be given 
to some authority either Rivers Authority or County 
Council, to deal with derelict weirs?—Certainly. 1 
think that is most important. I think that there should 
be power given to Rivers Boards or some authority like 
that to remove them. I think that is a very important 
matter, because there is no doubt about it that the 
freer the stream is from weirs the more purification 
takes place. 


20254. (Mr. Stafford.) It is only during the sludging, 
I understand, that the nuisance arises ?—I will not say 
that. I say the serious danger arises at that time. 
We suffer a good deal at other times. Every Saturday 
night the miller draws this hatch, and a certain amount 
comes down, but the pollution is not at all of the same 
villainous character as it is when it is done by scouring 
out the pond. 

20255. But the chief nuisance apparently arises at 
the time of the sludging, which is about once a year ?— 
Yes, and generally when the water is so low: thas is 
my point. 

20256. Would not the cost of removing all this sludge 
by hand, or rather by carting, be very great?—Oh! 
nol did it myself last year. I removed a great deal 
from the ponds in front of my house, ¢nd I forget 
exactly what it cost, but it certainly paid for expenses 
for spreading on the land. 


20257. It paid for its expenses?—Yes; of course. I 
know I spent £38, and I forget exactly how many yards 
IT removed for that. That would clear a good many 
small mill dams. 

20258. Thank you?—I am much obliged to you for 
allowing me to give this evidence before you. 


20259. We are very pleased to have your views. 
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20260. (Chairman.) Mr. Tatton, you are the Chief 
Inspector of the Mersey and Irwell Joint Committee ?— 
Iam. 


20261. And on previous occasions you have given us 
valuable evidence; and to-day you have been good 
enough to come in order to give us the benefit of your 
experience in regard to the evils connected with the 
sludging of mill dams ?—Yes. 


20262. Now, we had certain evidence yesterday which 
tended to show, on the part of the persons holding or 
using the mill dams, that the evils of discharging ac- 
cumulated suspended matters, which had been brought 
down by an unpolluted stream, were scarcely appre- 
siable, and that it would be wrong to call upon owners 
of mill dams to go to great expense to prevent evils 
which they considered were unappreciable. Now, 
will you be good enough to give us your opinion in re- 
gard to mill dams in your district situated on unpol- 
luted and polluted streams, and tell us whether you 
think that the evils are real evils, and then give us your 
opinion as to how those evils might be removed without 
prohibitive expense to the owners of the dams ?—Would 


it be convenient, Sir, if I read my evidence in the first 
instance ? 


20263. Yes, you can read any part of it you like, Mr. 
Tatton, or give us briefly in your own words a sum- 
mary?—I have divided the sludging cases which we 
have had in the Mersey and Irwell under two general 
heads, and we have in the first place the sludging of 
mill dams; and in the second place the sludging of 
tanks, precipitation tanks, which have been used by the 
manufacturers for precipitating their trade effluent, I 
take it that what you require is especially the sludging 
of mill dams. 


20264. That, in the first instance, is the point upon 
which we want your opinion ?—The waters of the rivers 
in Lancashire and Cheshire are very largely used for 
power purposes, and in order to obtain the head to work 
the turbine or water wheel, as the case may be, dams are 
constructed across the stream, and the water is either 
held up in the bed of the stream itself, or is conducted 
from these dams to a reservoir made, closely adjoining 
the river. In course of time, these mill dams get silted 
up by selid matter which is brought down in suspen- 
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sion, and owing to the velocity of the stream being re- 
duced, settles in..the mill. dams. This sludge contains 
organic matter, | may say, invariably, and is apt to 
be offensive in the summer; and mill dams, therefore, 
require cleaning out—at any rate they require the top 
water being let off—in addition to the necessity whicn 
arses of emptying the solid matter out, in order to 
retain their holding capacity of water. If the sludge is 
too solid. t> flow forward by opening the sluices it has 
been a common practice to send men. in with scrap°rs 
anlrakes and so on, to urge the solid matter forward 
into the steam. Ishould.say the ordinary practice is 
first of all to open a sluice to daw off the top water 
and then to. send men in with scrapers and so on to push 
the sludge forward into the bei of the stream, into the 
old bed of the stream, through which the stream is 
flowing when the sluice is opened:...the stream then 
carries the sludge forward into the: river down below. 
it causes very serious pollution, as, of course, the ac~ 
cumu ation of probably, it may be, weeks or months or 
years, which has been settling in the sludge, is sent 
down in a very short time, 

20265. Would you apply the expression very serious 
in correction with the evils produced from the settle- 
ment of matter from an unpolluted stream ?—Of 
course, from an unpolluted stream it is so in a less 
degree, . 

20266. You think there -is still material pollution ? 
—Yes, there is material pollution. For instance, if it 
were a fishing river, it is sufficient to smother fish, 


20267. Well, you would say it would smother fish. 
Have you had experience of fish having been smothered 
under such conditions /—Yes, I have. We had a case; 
it was not-an absolutely unpolluted stream; perhaps 
I am wrong in saying that, but it was a case where the 
sluice was opened, and.it was a fishing river below, 

-and I had great.complaints on two oecasions about the 
fish having been smothered, killed by it. 

20268. (Mr. Power.) It was detrimental to the fish 
through the suspended matter, I suppose ; not through 
the sewage or noxious matter that had been in the 

~water ?—_No. 


20269. Would it smell at all on a pure stream ?—Yes, 


it does distinctly ; yes; but the fish are not poisoned; _ 


they are smothered; it is not from chemicals, 


20270. (Chairman.) It is mechanical action on the 
ens is it?—I suppose that is it, a clogging of the 
gills. 

20271. (Mr. Power.) Do people below such a mill 
dam as that we are speaking of now on an unpolluted 
stream, complain of disadvantages which arise from 
sludging ?—Yes. 

20272. Apart from damage to fish, do they say it isa 
nuisance or an.annoyance or a.trouble to them ?—Oh, 
yes, certainly they do. On all streams you get a con- 
siderable accummulation; if the water is held up, we 
will say, for years you get a lot of black mud settling 
on the banks. 


20273. You get leaves and vegetable matter ?—You 
get decaying vegetable matter. 


20274. (Chairman.) In the case of dams and un- 
polluted streams what do you find to-be the effect of 
holding back the waters and then at Jong intervals 
sludging the dams?—The effect then is. to cause 
an accumulation of this sludge on the banks of the 


stream, banks and bed of the stream, which is a great 


nuisance when the water-has gone down again. That 
is one drawback; and, again, if the manufacturers us2 
‘the water below it is a great hardship'upon them. 

20275. Does any smell arise under such condit ons? 
—Yes, it does when.a dam has been sludged. 


20276. Then it may be considerel that .a dam placel 
“on a polluted stream like that is fulfilling, as it were, 
the first process of sewage treatment ?—That is so, to 
some extent. 

20277. Settlement: of . suspended. matter ?—Settle- 
ment of suspended matter, yes. 


20278. If such’ suspended matter were not let into 
the stream at all, but were removed on: the land, it 
would have in itself a valuable effect upon the condi- 
tion of the stream —Certainly; it intercepts. that 
amount of solid matter. 

20279. But the good which has been partly produced 


by the settlement in these reservoirs or dams is wholly 
lost by the return to the river of these matters in a 
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putrefying condition?—It, is wholly lost, yes; in fact 
.t is much outweighed: by the concentrated pollution, £ 
would say. 

20230. ‘then what do you think would be the remedy 
in the two cases of dams on unpoliuted and dams on — 
polluted streams... I supposein the case of dams on» 
unpolluted streams you would scarcely think it neces- 


sary, would you, to insist that the sludge, largely . 


mineral probably, in the dams should be removed on 
to the land ; would you consider that necessary ?—Yes, 
I should say so; I think it ought to be. 


20281-2. Mainly on the- ground that. this mineral 
matter would deposit in banks on the stream? -Yes, 
and cause. trouble: below to riparian owners. 


20285. You would not consider that the regulation 
of the outflow from such dams would suffice, that there 
should be some regulations, for instance, that the 
dams should only be emptied at times of flood, not in 
the summer time or at holiday times, or at times when 
that addition of suspended matter to the stream would 
not cause inconvenience to the manufacturers below ; 
you do not think that would meet the case for un- 
polluted streams?—I am not suggesting that a mill- 
owner should ‘be debarred from opening his sluice; 
that I should accept certainly ; he has a right to open 
his sluice, and any solid matter that goes forward 
through the opening in that sluice must be received 
below ; you cannot prevent that. 


20284. (Mr. Power.) He must open it in time of 
flood, must he not /—He must open it in time of flood ; 
well, he may do so; in some cases they must do so. 


20285. To make it safe?—To make it safe, yes; that 
is to say, if any solid matters is taken forward by the ~ 
water, in the natural way by the flood, that is so much’ 
to his benefit. I do not think that you can prevent 
that. If you do it means that the mill dam may be- 
come a serious nuisance. aaa 

20286. (Chairman. ).Then in the case of dams on un- 
polluted streams, you are of opinion that the law 
should be modified so as to compel deposit in those 
dams tc be removed on to land and not to be allowel 
to be pushed forward into the stream ?—I think so. The 
owner of the dam, whether on a polluted or an un- 
polluted stream, is damming for his profit, and he gets 
the advantage of it. J think, therefore, he ought also 
to accept the liabilities which that dam entails, and 
not to become a nuisance to his neighbours below, 


20287. If that is your view in regard to dams on un- 
polluted streams, clearly it is also your opinion, to a 
much stronger extent, on polluted streams ?—Yes, that 
is so. 

20288. How would it be possible for any arrange- 
ment to be come to between manufacturers and loca] 
authorities to utilise these mill dams as a first process 
treatment of those waters. in cases where the dry 
weather flow consists practically of the flow from the 
sewage works and trade effluents ; would it not be pos- 
sible to call upon each local authority to contribute 
towards the expense of removing the matters?—To re- 
move the mill dam, do you mean? 


20289. (Mr. Power.) To remove the contents of a 
mill dam?—Oh! to remove the contents. I beg your 
pardon. Well, I should object really to their being 
used as sewage treatment in the first instance. 


20290.. (Chairman.) Well, but as a matter of fact 
the deposit of these matters in the mill dam, although 
an accidental result, is in itself a useful result, if the 
deposited matters could be removed wholly from the 
river on to land ?—They are returned to the river after- 
wards; any good produced-by the settlement is lost.’ 


20291. (Mr Power.) It..is sedimentation. for th 
time heing?—Yes, quite’ so, 

20292. (Chairman.) Therefore, are not the whole 
population on the banks of the stream interested in its 
‘being done, and ought they not to some extent contri- 
bute ; I merely suggest that with the idea of getting 
your view upon it?—I do not think you could do that — 
any more than you could.ask a community to clean 
out a manufacturer’s tank in which he treats his trade 
waste. ) 
20293. Then your view is that local authorities ought 
not to be called upon to pay towards the expense of 
removing matter out of dams in polluted streams, how- 
ever valuable such removal might. be to the whole 
population on the banks?—No, I think not; the dams 
are made by private individuals; they are private pro- 


perty. 
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20294. Well, we have had your opinion, Mr, Tatton, 
as to the evils; now, the next point is as to the 
means, of preventing these evils. 1 think you hold the 
view, do you not, that suspended matter that has been 
deposited and has become sludge, and is urged forward 
into the stream by means of scrapers, or streaming of 
the water, causes the person who does this io be lable 
to an offence under Part I. of the Rivers Pollution Pre- 
vention Act?—Yes, that is so. 


20205. That is your view, is it not?—Under the 
Mersey and Irwell Act, not the Riv rs Pollution Pre- 
vention Act of 1876. 


20296. The Mersey and Irwell Act is somewhat 
stronger 7—It is somewhat stronger. 


20297. But you know that under Part I. of the Rivers 
Pollution Prevention Act that. that is an. offence ?—No ; 
I do not say that; we have not worked under the 1876 
Act,which is the one you alluded to,.but under the 
Mersey and Irwell Act. My experience has been that 
the Mersey and Irwell Joint Committee Act of 1892 is 
distinctly stronger. In that Act we have. the word 


“ sludge ” inserted. 
20298. But in the paper you were good enough to 
send on to us I see this passage :—‘‘ Once the suspended 


matter has been deposited it becomes sludge, and it 
matters not whether the offender urges it forward into 
the stream by means of scrapers or by means of a stream 
of water, he is liable for.the offence under Part I. of 
the Act, and he has no appeal to the Local Govern- 
ment Board.” ?—Under Part J. of the Mersey and 
Irwell Joint Committee Act. 

20299. It is Part I. of the Mersey and Irwell Act ?— 
eo Yes, vew den. 


20300. I see; under what clause of that Act do you 
consider that he is committing an offence when he does 
this ?—Under Part I. Clause 2. 


20301. Would you read tke clause if you have it before 
you?—I am sorry to say I have not the Act. 


20302. Clause 2%—Part I, Clause 2. I have not got 
a copy of the Act. 


20303. On-the paper which you have placed before us 
there is a clause from the Mersey and Irwell Jolnt Com- 
mittee Act, 1892; is that it ?—That is the saving clause. 

20304. The Saving Clause; it is not the clause speci- 
fying the offences?—No.  ~ 

20305. Well, we may, perhaps, come upon it pre- 
sently. Then I may take it generally in your own area 
you have had no difficulty in dealing with the evils of 
dam-sludging ; you have obtained convictions in all of 
these cases where dams were on polluted streams ?—Yes, 
that is so; we. have had seven cases, and we have 
obtained convictions in all cases. 


20306. (Mr. Power.) There has not been an appeal 
in any instance P—No, Sir; not in any instance. 


20307. (Majcr-Gereral Carey.) And where the water 
was polluted by the owner after receiving it into the 
mill dam P—No, it was polluted before it arrived in the 
mill dam; the owner then sludged out his solid matter 
into the stream, and we prosecuted him for sludging 
out the solid matter. 


20308. (Chairman.) Is Part I. Clause 2 of the Mersey 
and Irwell Joint Committee Act, in your opinion, a 
stronger clause than the corresponding clause in the 
Rivers Pollution Prevention Act, 1876?—Yes; I think 
it is. We have the word ‘“ sludge” in that Act; you 
will see it is introduced; it was introduced for the 
specific purpose. 

20309. Is that the main difference between the two 
Acts, that in your Act the words, “or any sludge,” are 
introduced ?—That is the main difference. I should 
define sludge as the result of the deposit of suspended 
matter. 


20310. Then in your Act you have a Saving Clause to 
this effect, that persons shall not be considered to be 
committing an offence for putting into such river or 
stream any sand or gravel or other natural deposit 
which shall flow there, or have been deposited by the 
current of any such river or stream ?—Yes, that is so. 

20311. That is the Saving Clause?—That is the 
Saving Clause. 


20312. And am I right in taking it that, in your 
opinion, that applies merely to unpolluted streams; to 


the deposit brought down by unpolluted streams ?— 
Yes, certainly. 
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20313. Then in cases where you have prosecuted you 
have obviously not considered that that clause per- 
mitted of the sludging of dams on polluted streams ?— 
No; none of the cases that we have taken into Court 
that we have prosecuted .come within that Saving 
Clause; in no case has that been: maintained. 

20314. We are anxious to find out whether the con- 
dition of the law as it stands is. sufficient to prevent 
the evils connected with the sludging of mill dams on 
polluted streams. You seem to be under the impres- 


‘sion that the clauses of your own Act are so ?—Well, so 


far we have found them; none of our cas2s haye been 
appealed a-ainst; they have all been fought. 


20315. Yours is of limited applicaticn ?—Yes. 


20316. Under the general law you think the povers 
are insufficient ?—Yes. 


20317. Under the general law you think you want 
something stronger than this Sub-Section 3; you do 
not think it should be exempted ?—No, I do not think 
it. should; we should want something stronger than 
that in the case of unpolluted streams. 


20318. (Major-General Carey.) Do you consider that 
the sludge should be remeved from mill dams under any 
circumstances, whether the water coming down from 
the mill dam is polluted or whether it is not—that the 
sludge should be removed by the manufacturer, and 
should not be passed into the river ?—Yes, I think it 
should. I think the proper way in all cases is first to 
reduce the water in the mill Gam, and then to remove 
the sludge on to ground outside the mill dam. 


20319. Would manufacturers always have the means 
of doing it—the means of removing that sludge ?—I 
know of no cases, where there would. be any practical 
difficulty in the way of that being done... Of course, it 
is a matter of cost; it is cheaper for them to send the 
whole thing down, to sludge the dam only. 

20520. Yes, of course; the argument, as I understand 
it, of the manufacturer is that he receives the water in 
a certain state, and he discharges the water into the 
S.ream in the same state ?—Yes. 


20321. It has not become worse except by the deposit 
of the sludge ; which has been going onfor aconsiderable 
length of time; that he is not responsible for the state 


of the water which he receives in a polluted state; he 


delivers it back into the stream in the same condition ? 


—Well, he does not deliver it back in the same condi-- 


tion; he accumulates all this filth that is in the stream. 
all this suspended matter, which perhaps in itself would 
not cause a serious nuisance if it were allowed to flow 
past his works in the natural way, and discharges the 
whole of the accumulation in a short time, making the 
condition of things very much worse down below, no 
doubt, for a limited period, but still the evil is greater 
for that period. 

20322. The intervals at which he discharges sludge 
may be very considerable ?—Oh, yes, they may. 

20323. Sometimes a year-or two years?—Yes, they 
may. 

20324. (Mr. Power.) As to the construction of these 
mill dams—they are commonly made artificially water- 
tight, I suppose; are they concrete, or merely puddled, 
or what ?—Yes, very fairly watertight as a rule. 

20325. But they do not concrete them for facilities 
of emptying them, do they ?—As a rule they have a 
sluice which would have concrete abutments; in some 
cases they are very roughly made; they only hold the 
water up in some cases, perhaps four or five feet deep, 
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so that you have not a great weight of water against - 


them. 


20326. In other parts of the country there seem to be 
various methods of dealing with such dams. In some 
they run them dry—when they have time, I suppose, 
at their disposal—and wheel out the contents on 
barrows; and in some, I have seen it myself, they have 
a flat-bottomed punt with a pole and a scoop at the end 
of the windlass rope, and thus they dredge out sludge 
without interfering with the operations of the mill 
or the pond. Are any of these methods practised in the 
district within your jurisdiction, or has the sole method 
in the course of time come to be this sludging process 
that you have described—driving everything into the 
stream ?—I should say that these systems that you 
have mentioned are not practised at all; I have seen 
that done which you have described. 

22327. Are those other methods falling into desue- 
tude, do you think, in preference for the method that 
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you spoke of ?—I think they prefer the method I have 
described if they are allowed to use it. 

20328. A suggestion has been made that some of these 
people imagine that under the Rivers Pollution Act 
they have some sort of licence to do this; is there any 
such impression abroad, do you think, in your district ? 
—Are you alluding to the 1876 Act? 

20329. License to get rid of this accumulation in 
their dam provided they serd down nothing more than 
somes to them ?—Well, I cannot say that, sir; I have 
not worked under that Act at all on the Mersey and 
Irwell watershed. 


20330. (Chairman.) You probably are acquainted with 
the case of the Ribble Joint Committee v. Halliwell ; 
does not that bear out the case Mr. Power is speaking 
about ?—Yes; I only know from reading about it; yes, 
I think it does there; on the Ribble they are working 
under the 1876 Act; they have not got the extra 
powers which we have under the Mersey and Irwell Act. 


20331. Then may we take it that, in consequence of 
the successful prosecutions which you have carried out 
under your Act, owners of dams in your district gene- 
raily remove all matters from dams on to land?—I 
think generally they do. 


20332. And you think the expense of doing so is not 
a prohibitive expense; it is found in your district to 
be practicable to do this ?—Yes, it is, 

20333. In certain cases you can see it would be some- 
what difficult to remoye these matters; in a valley wita 
very steep sides, where a road was not available, close to 
the dam, and so forth. Do you think in many cases, 
especially with regard to dams on unpolluted waters, 
that the control of the discharge by the Rivers Board 
or other authority would be useful control; I mean in 
regard to times of discharge, and the length of period of 
stagnation, and so on?—It would be very difficult to 
work that, Iam afraid, 


20334. It has been suggested that, for instance, 
the discharge should not be allowed in dry: summer 
weather ’—Yes. 

20335. That people should be compelled to discharge 
at times when the flow in that stream was sufficient to 
carry matters rapidly forward, and at times when the 
discharge would not inconvenience manufacturers lower 
down and so on it has been suggested to us that such 
control placed in the hands of a supervising authority 
would in these matters be very useful. Do you think 
that it would, or is it your opinion that in no case 
should discharge be permitted?—I do not think it 
should be permitted; it is very difficult to say; 
at certain times you may discharge your mill dam 
and at certain times you may not; it is very hard to 
regulate them ; the inclination of the manufacturer is 
to do it when he wants to do it. 


20336. You think that that kind of control would not 
be of much value?—I think it would be very difficult 
to work. 


20337. And that the really right thing to do is to pre- 
vent the discharge altogether ?—I think that is so, yes. 


20558. Very well, we might pass on now to another 
peint upon which we are anxious to have your views, 
and that is as to the possibility of dividing the streams 
or watersheds into zones, aad having standards of 
purification applicable to each. We felt that you have 
had a large experience in the administration in your 
district, and that you have at present, I believe, a sort 
of provisional standard upon which you act ?—Yes, we 
have. 

20339. And therefore your experience is sure to be a 
very valuable one?—I am of opinion that the standard 
should be uniform over the whole watershed or adminis- 
trative area, both from an administrative and also from 
an equitable point of view. As regards the administra- 
tive aspect, given that the standard effluent of the 
future will be an effluent that, apart from the question 
of suspended matter, will not decompose in itself, and 
will not cause any trouble if discharged into an un- 
polluted stream or into its own stream. 


20340. (Mr. Power.) That is the minimum of require- 
ment ?—That is the minimum of requirement;I think 
we must have that. 

20341. Have you any drinking water streams in your 
district; streams that are used as a source of water 
supply ?—No. y ; 

20342. (Chairman.) Would you be disposed to modify 
«tat standard in such case ?—To make them easier ? 


20343. (Mr. Power). No, a higher minimum 

20344. (Chairman.) Supposing you were discharging 
into a stream that was used for drinking purposes ?—It 
would certainly have to conform to that standard if it 
went into a drinking water supply. 


20345. (Mr. Power.) Would you not have some re- 
quirements superadded ?—Yes, I think you certainly 
would require to have something more than that. 


20346. You are not concerned with that considera- 
tion in your districey?—No, we are not; our rivers are 
too bad. 


20347. And therefore your standard has been, so far, 
with a view to bring people into line ?—Yes, it has. 


20348. (Chairman.) Then where would be the evils in 
your opinion of having a varying standard applying to 
different parts of the river or watershed ?—Well, having 
a variable standard would mean that the large towns, 
which are usually on the lower reaches of the river, 
would have easier requirements than the smaller towns 
higher up. 

20349. (Mr. Power.) Something below what you have 
just told us?—Something below what I have just told 
you; that is, I presume, what the suggestion would 
be, that if you had a variable standard you should have 
a lower standard for the lower reaches of the river 
where there is a large volume. 


20350. Of course, the Commissioners have made no 
standard yet, but I think many of us would not like to 
go behind the standard that it will not allow a putres- 
cible effluent ?—That is a very important point. 


20351. I speak subject to Colonel Harding’s opinion ; 
I think certain of us have a tendency that way, at any 
rate /—Yes. 


20352. Of course, the towns lower on the river, if they 
had a larger amount than those above of organic matter 
left in their effluent, might, so long as their effluent 
was non-putrescent, be allowed that larger amount of 
organic matter, but I should think the condition of non- 
putrescibility could not be relaxed ?—Yes. 


20355. (Chairman.) You do not think that the ques- 
tion of relative dilution could be considered as well as 
the question of relative pollution of the stream itself? 
—No, I do not think it should. I think that in the 
first place as regards equity it is fair to expect the large 
towns to treat their sewage as efficiently as the small 
towns. What it comes to is this, that the saving in 
getting a good effluent, in getting an efflent which I 
should pass as an efficient one; the difference between 
that point and a lower standard does not necessarily 
entail a very great expense. In any case you would 
have the sewers and the outfall works, and probably 
single contact to pay for, but in order to bring your 
effluent up to our standard it would merely mean extra 
filtration, which is a small proportion of the total cost 
your works have required. 


20354. Then we quite understand, now, Mr. Tatton, 
that in your view variable standards of the kind sug- 
gested would not be advisable ?—No, I think not. 


20355. And that you think an effluent which in itself 
would be non-putrefactive is essential in all cases ?— ~ 
I think that is essential in all cases. 


20356. Well, now, passing on to the question of 
storm waters, Mr. Tatton, you have been good enough 
to place before us a valuable report bearing on the 
storm waters of Stockport, Macclesfield, and Roch- 
dale, and given us the benefit of certain notes and 
analyses which have been made in regard to those. 
Now, it is difficult perhaps to gather—I have not 
had the opportunity of spending much time over 
this report as yet—it is difficult to get from it any 
information as to the number of dilutions of sew- 
ago which in your opinion should be treated. It was 
difficult I see to get even accurate information at these 
various places of what amount was being treated and 
what amount passed away, and no doubt as yet there is 
very indefinite and incomplete information in regard to 
storm waters either as to their volume or as to their 
composition, but you have in these tables contributed a 
good deal of information towards that, and we are 
getting information in other directions. But I gather 
generally that the amount of storm waters which are 
being treated, which are here referred to, do not rise 
above three or four volumes of the dry weather flow ?— 
That is so. 


20357. In your district have you many cases of 
authorities, especially the more important authorities, 
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that are dealing with the six volumes of the dry weather 
flow, which we understand the Local Government Board 
require to be treated ?—No, I have very few. 


20358. (Mr. Power.) Does that mean that their over- 
flcws. come into operation before the three, four, or 
five volumas are reached ?—Yes, that is to say in the 
case of Macclesfield, which I have quoted here, the 
storm overflow comes into operation when the storm 
water was equalling two and a half times only the dry 
weather flow. Of course, thas did not mean that we got 
no more sewage down to the outfall works; it still con- 
tinued to flow down to the outfall works. 


20359. But some passed away when it flowed down at 
that rate ?—A certain proportion passed away at that 
time. 


20360. (Major-Gen. Carey). Over two and a half times 
the weather flow?—Over two and ahalf times the 
dry weather flow. 


20561. That passed into the river ?—A portion of it, 
which we are not able to gauge, passed into the river, 
and the remainder passed forward into the outfall 
works. 


20362. (Mr. Power.) In a case like that, Mr. 
Tatton, however stringent your standard might be for 
what passed through the whole “treatment” process 
a considerable amount would be allowed to go into 
the stream which should not go there?—Oh, yes, 
that is so, and the trouble is that storm overflows 
do a great proportion of the harm in the summer 
time ; if you have a sudden thunderstorm in a hilly 
district, the water will flow down the sewers with great 
rapidity, and even if you fix your overflows, say, at six 
times the dry weather flow, it may go over these over- 
flows in very large volumes into the river at a time 
when the river is low and cannot. deal with it—cannot 
carry it forward. 


20363. This might occur in a fraction of the 24 hours ? 
—In a fraction of the 24 hours. 


205654. And you think the volume might be very large 
that so passed over in a short time ?—It might be very 
large indeed. 

20365. (Chairman.) But evidently you think that 
storm waters beyond six times the dry weather 
flow are still polluttmg?—Oh, there is no doubt about 
that. 

20366. And do you think that, say, 10 or 20 times 

diluted, there would still be pollution carried to the 
stream?—It depends on the place entirely; you 
must take each place on its own merits. If you 
have a hilly district you want your overflows at a 
higher level than in a flat district, because the sewage 
finds its way down to these overflows much quicker than 
it does in a flat district ; it rushes down from the over- 
flow into the river; whereas if the district is fairly flat 
it takes a considerable time and is more equalised, and 
you get more sewage down to the outfall works and less 
over the storm overflows. 


20367. (Mr. Power.) In the speedy operation of the 
storm-overflow you would get the first washings of the 
storm, which are perhaps the most objectionable ?— 
That is exactly the trouble; they are most objection- 
able. 

20368. Have you made any attempt in your area to 
regulate the point at which this, that, and the other 
overflow of a town sewer should come into operation ?— 
What we do is not to suggest a volume, but if we find 
the overflow is apt to offend periodically we make com- 
plaints about that overflow and have the sill raised, and 
I think that is really the way to tackle the difficulty. 


20369. (Major-General Carey.) To raise the sill?—To 
raise the overflows until you find that they.do not come 
into operation when the stream is low. Of course, we 
admit that at times of very heavy rain you must have 
on our rivers which are not used for drinking purposes 
—there must be some overflow. . 


20370. Is the dry weather flow calculated on the 
average of the 24 hours, or on the maximum in a day ?— 
It is on the maximum; the average maximum flow-- 
that is to say, taking each day, you take the maximum 
flow of each day, and you take the average of these 
days, and dilution is calculated on that maximum, on 
that average maximum ; that is to say that it would be 
considerably more than the average dry weather flow of, 
we will say, six o’clock in the morning; the maximum 
flow is probably about 12 o’clock in the day; two and a 
half times dilution at 12 o’clock would mean very many 
more dilutions at six o’clock, What I mean is this— 


6225—An. I. 


33 


that supposing your overflow is at a fixed level and it 
comes into operation, it may be when the sewage is 
diluted up to a volume of twe and a half times at mid- 
day, it would not come into operation when that sewaze 
was diluted up to two and a half times at six o’clock in 
the morning. 


20371. No, there would be less volume passing 
through the sewer ?—There would be less volume pass- 
ing through the sewer, yes. 


20372. You take the average of the maximum 2— Yes. 


20373. (Mr. Power.) Tne average of the highest dry 
weather flow at noon. 


20374. (Major-General Carey.) How do you get the 
average ?—We take it over a period of six weeks and 
during dry weather in the summer. 


20375. Then, I notice, to take one of these places, 
mentioned in the Report which you have made to the 
Commissioners on sewage flows, that, in 1902, the flow 
reached six times the dry weather flow—five times, 
four times, four times, four times, six times, five 
times, four times, seven times, six times, five times, four 
times ; so that there are a large number of cases where 
it has exceeded three times ?—Yes. 


20376. At least, in which it has exceeded the three 
times ?—Yes, but I must explain that. In that table the 
rates are worked out on the dry weather rate of that 
particular hour. For instance, if you take Table Al 
—take March 22nd, 1902—the time of the storm was 
between 12.20 and 1.40, that is 1 hour 20 minutes; the 
rates of dilution were six times for 20 minutes, five times 
for 45 minutes, and four times for one hour. That is the 
actual time the storm took place. 


20377. Yes?—That is the night flow, you see; and, 
therefore, those dilutions would very soon be reached, 
because they are taken for the particular dry weather 
rate at that hour. 


20378. It would be the sewage running at ae mini- 
ee then, between 12.20 and 1.40 a.m. ?—Yes, it would 


20379. On the 25th, 1 o’clock a.m.—that would be the 
same thing, “early morning eight times” ?—That is 
the same thing, 


20380. (Mr. Power.) Given a minimum standard that 
the effluent should attain to, I rather gather that you. 
are disposed to consider that it may be necessary to fix 
by authority the level at which overflow at the weirs on 
sewers should take place for each town; and not only 
at the outfall works, but on the several sewers of the 
town according to their gradients ?—Yes. 

20381. It would have to be done by an authority, 
which would have regard to the total flow of the river, 
I suppose, and the amount of purification effected on 
that part of the sewage subjected to full treatment, as 
well as to the liability to overflow at the weirs ’—Yes, 
that is so; the whole system should work together. 
All the overflows should be regulated, whether in the 
towns or at the outfall works, to conform to whatever 
the requirements are. 


20582. But then, if you have a uniform standard 
which must be observed, it seems to me you must have 
separate regulations at each place as regards the over- 
flow weirs, and not only on the outfall sewer, but on a 


number of sewers; it would amount to that, would it: 


not ?—Well, your standard would not refer to the con- 
dition of the storm water, but to the volume. 


20383. Yes, it would affect the volume that would. 
pass away ’—Then it would vary. 

cep If ike aes dealing with two and a half or three 
volumes completely at the outfall work 
have liability Pivoneh the position in ahiek te een 
are, not only that on the main outfall sewer but on. 
other sewers, that anything beyond this will pass. 
away in greater abundance in the storm when you get. 
Six, seven, or eight times that of the dry weather flow 
for a short time, you may have to put these weirs 
pe But wee a that eres you would have to 
apply a general principle in each particular i i 
the hoe Yes, that 2 so. eer an oa 

20385. (Major-General Carey.) You would have to rely 
on the local authority to raise their weirs ?_Yes with 
inspection. Supposing we found one overflow in the 
town came into operation before the others, we should 
then complain to the authority and get that overflow 
raised. It would have to be done by inspection, but 
there is no difficulty about that ; we do it now to a 
great extent ; we have had a great number of overflows 
raised that were serious offend:rs, 
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20386. Those in which compulsory action has really 
been taken by the Rivers Board ?—Yes, that is so. 


20387. (Chairman.) I have one or two more questions 
which I ought to put to you, Mr. Tatton; and one of 
the most important things we should like to know from 
you would be your opinion as to the number of dilutions 
it would be proper to ask the local autherities to treat. 
I notice in the table you have placed before us that 
when a volume of dilution has reached four, you have 
it by the analyst’s evidence that such storm waters 
are really more polluting than the dry weather flow 
of the sewage ?—Yes, that is so. : 

20388. Therefore, clearly, if the consideration to guide 
us is to be the number of dilutions which produce so 
small an amount of pollution that it may be left to the 
self-purification action of the stream to get rid of it, we 
should have to fix the standard at a great many volumes 
of dilution, should we not —You would in certain cases, 
no doubt, ' 

20389. There might be exceptional cases where it 
might be more or less, but, speaking generally, you 
would have to fix the number of dilutions to be treated, 
if that was the only matter you were considering, the 
proportion of dilution, you would have to fix it very 
high indeed—10, 20, 30 dilutions, something like that ? 
—I do not think it would be as high as that. But in 
cases of towns with hilly sides it would undoubtedly be 
higher; but, of course, it is the rate of flow we are 
speaking of now; that does not necessarily mean so 
many volumes to be treated at the outfall works; for 
instance, supposing you fix your overflows eight times 
the rate of dry weather flow, it does not mean that you 
would have eight times the dry weather volume dis- 
charged at the outfall works; it might only come up to 
that eight times say for an hour, and then go down 
again, and your volume perhaps would not be more 
than five. 


20390. I quite appreciate that; but suppose we were 
merely to be guided by the question of pollution of 
streams, should we not necessarily have to fix the 
number of dilutions before which storm overflows should 
come into operation at a very high level? Clearly, 
then, six dilutions would not suffice, because I notice 
in one of the analyses of the Macclesfield storm water 
that the oxygen absorbed from storm waters over six 
times diluted was 37 parts per 100,000. Whereas in the 
a weather sewage of Macclesfield it was only 4:35 7— 

es. : 


20391. In settled sewage ; and you may take it prob- 
ably it would be 9 or 10 parts ragtre ababie tay fends 
sewage /—Yes, 

20392. So that really at six dilutions we had here 
storm waters, which, as measured by the oxygen 
absorbed, were thyee times as bad as the dry weather 
flow of sewage; therefore, clearly six volumes would 
be insufficient if we are to be guided simply by the idea 
of preventing the pollution of the stream ?—It would. 

20393. Then is it in your opinion practicable to call 
upon any authority to deal with such a number of 
dilutions as should prevent pollution of the stream ?— 
I should not like to say that. I think it would not be 
a hardship to call upon authorities to treat six vo'umes. 


20394. It would not be a hardship to call upon them 
to treat something more than six times?—I do not 
think you would require to treat many more than six 
times, 


ra 
20595. You think it is impracticable for them to treat 
more than six times?—Well, it is all a matter of cost 
obviously. In some cases it may entail extra sewers. 


20396. What I want to get at, Mr. Tatton, is this; 
must we be guided by that which is financially practic- 
able, or must we be guided by the question of the pollu- 
tions of the stream. It would seem to me from the data 
which you have placed before us that the number of 
dilutions would have to be very great before you would 
allow storm waters to come into operation, if you were 
to be guided alone by the question of pollution of the 
stream ?—Yes, I think they would. 

20397. And therefore you would probably consider 
@ more or less empirical limit, the limit of what is 
financially practicable ?—Yes, clearly. 

20598. Is that your view ; I am very anxious to get 
your view ?—It must be fixed so to some extent. 

20399. Do you think we must be guided by what is 
financially practicable in this case, and that it is not 
possible to reach the treatment of so large a number 
of times as would really stop any serious pollution of 
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the streams?—I think that where a town is situated 
so that its storm water does seriously pollute the stream 
it is right to call upon that town to increase its outfall] 
sewers if necessary, because that is where the expense 
would come in in order to prevent that pollution. 


20400 But you must be guided, must you not, by 
what is financially possible ?~Yes, clearly we must. — 


20401. What is, then, your opinion of the provisional 
regulation which I understand is applied by the Local 
Government Board at the present time; it, I undar- 
stand, requires that six volumes of the dry weather 
flow should be treated; some of them fully and some 
of them partially ; do you think that that is as far as 
is financially practicable for local authorities to-day, 
and do you think it is practicable for them to go so far? 
—I think, on the whole, that that is a very fair re- 
quirement to ask them at the present time. I think in 
certain cases where they do seriously pollute even with 
that volume taken down. to the outfall works that they 
should be required to go to extra cost in consequence. 

20402. You mean it is reasonable not to ask them to 
deal with more than six volumes in any case ?—I think 
it may be in some cases. It is very hard to lay down a 
hard and fast rule; as I have said, I think you must 
take each case on its own merits. If the town seriously 
pollutes, periodically, in summer, a clean river, we will 
say by storm water, it seems to me fair then that you 
should ask that town to go to more expense than 
another town in which the conditions are different in 
order to prevent pollution. : 

20403. Then would you in such cases ask them to deal 
with more than six times ?~You might. 

20404. How many more would it be practicable to 
deal with ?—I cannot say that at all. 

20405. As a fact have you any considerable authority 
in your district which does deal with six ?—No, I have 
not. 

20406. Have you any which is proposing to deal with 
51x /—Manchester is proposing to deal with six. 

20407. (Major-Gen. Carey.) Not to fully treat six - 
volumes, but I suppose to treat a certain proportion of 
six volumes,—say, three volumes—as sewage; and the 
rest to be treated in a necessary reservoir !—Not effec- 
tually ; no, sir; Ido not say that; what you want to do 


_chiefly is to remove the suspended matter from the 


storm water. 

20408. Yes; that is the trouble. It is the suspended 
matter which settles on the banks of the streams and 
causes a nuisance afterwards. 


20409. (Mr. Power.) Is not one of your points this ; 
that it is not so much the six times the volume of the 
dry weather flow you are considering, but you think 
that in certain times of storm, when sewage is coming 
down at the rate of above six times the dry weather flow, 
something must pass away into the river that should 
not go there, znd that accordingly you would prefer 
that the sill of the overflow was put higher in certain 
instances ; that it should not overflow until, say, a rate 
of 12 times the dry weather flow was reached, you being 
in expectation that at the end of the 24 hours you would 
not have got more than six times the volume of the dry 
weather flow delivered to the works?—Oh, certainly, 
that is so. 

20410. You would not allow the overflow to take placa 
so early as at six times the rate of dry weather flow on 
the expectation of that, although raising the sill would 
entail more coming down to the works at one time of 
tle day. You would not by the time the 24 hours had 
expired have had more than the six times flow to deal 
with at the outfall works?—Quite so. You might have 
a considerably larger rate of flow than six volumes. 

20411. Yes, at the end of the day?—A total volume 
of not more than thraa or four. 

20412. I think that was your point that you think 
more passed inte the river in time of storm than you 
think right should go?—Yes. 

20413. A higher overflow weir does not necessarily 
entail the authority dealing with six or seven times the 
dry weather flow at the outfall works ?—No, it is more 
a question of sewers ; it entails carrying more forward 
to the outfall works. 

20414. That rather leads back to what I was asking 
you before. Does that not mean that these overflows 
must be fixed by authority in the particular instances ! 
—Yes, by a rivers authority. 
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20415. As the Chairman was suggesting, they may 
as a result haye to treat more than six times the dry 
weather flow ?—At the rate. 


20416. It might work out in over six volumes, but in 
a good many instances you do not think it would ?—No. 


20417. They would have, of course, to accommodate 
during storm, a larger amount than the sewers will 
accommodate at present?—Quite so, but the actual 
volame which they would have to treat would not neces- 
sarily be more than six volumes of the dry weather flow 
for the day. 


20418. The volumes they would have to treat in the 
course of a month would not exceed six times the dry 
weather flow for a month we will say?—Oh, no, cer- 
tainly not; nothing like it.- 

20419. It is the storm water that you are most un- 
easy about from the rivers point of view ?—Yes, that 
is so, it causes most serious trouble in the summer. 


20420. (Chairman.) In most cases the sewers are not 
large enough to carry anything like six to twelve 
volumes of the sewage, are they? 


20421. (Mr. Power.) It, would mean reconstructing 
the system of sewers; the outfall sewer at any rate ?7—It 
would do in some cases, but I think at the present 
moment the Local Government Board insists on their 
treating that. 

20422. Extra tanks for receiving extra storm sewage? 
—-Yes; a very good way of dealing with it. 


20423. (Chairman.) In Manchester they are propos- 
ing to deal with six volumes; are the main sewers at 
Manchester at the present time capable of dealing with 
six volumes ?—No, they are not. 


20424. Therefore it would mean additional sewers ?— 
Yes. 


20425. Greater additional expense /—Yes. 


20426. Is Manchester prepared to go to that expense? 
—They are looking to it; we are complaining to them 
of their storm overflows. 


20427. (Mr. Power.) They revised their system of 
storm overflows five or six years ago?—Yes; they have 
many overflows in the town, which come into operation, 
much below that six times. 

20428. (Chairman.) Although, as Mr. Power pointed 
out just now, the storm waters may only come down 
for a limited period, still if you are, during such 
limited period, effectively to deal with those storm 
waters the plant at the sewage works must be adequate ? 
—Yes, that is so. 


20429. Therefore at times when your overflow is not 
passing you would have a plant greatly in excess of 
what is required during dry weather?—That is in- 
evitable ; you always have that at works. 


20430. Clearly, to do it it means for a short period it 
might be desirable to treat, as Mr. Power suggested, 
above six, say, up to 12 volumes. You could not do it 
"unless you had first of all sewers large enough to bring 
such volumes to the works; and, secondly, a plant large 
enough to deal even for a short time with these 
volumes ?—That is so. 


20431. Therefore, we come to this, what is financially 
practicable to be done; and do you think that the 


existing provisional regulations in regard.to the ques- 
tion of dilutions are fair; should they be exceeded ; 


should they be diminished, or what?—Six times the 


volume. 
20432. Yes. 


20433. (Mr. Power.) Do you think that:-if-the-over-. ; 
flows were universally fixed at six times the rate of dry: 


weather flow, which they are not naw, a“very great 
deal might be gained, and that taking it on the whole 
what went over would be negligible, or.do you think. 
some further ccnsideration needs to be given to this 
question ?—In certain cases six times would not be 
sufficient. 


20434. At present I suppose very few towns in your 
district haye a rigid standard of six; they are below, 
are they not, very generally ?—Yes, they are below it 
very generally. . , 


20435. Supposing universally throughout your water- 


shed no overflow were allowed until a:rate of six times 
the dry weather flow was reached, would not a very 
great deal be gained, do you think?—A great deal no 
doubt would be gained. 
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20436. But you do not think sufficient ?—But we 
would still have pollution in summer in thunderstorms. 


20437. Heavy dowupours?—Yes, principally in Mac. 
clesfield. 


20438. You would like these heavy downpours im- 
pounded and dealt with before going direct into the 
stream ?— Yes. 


20439. (Chairman.) Referring onee more to your 
opinion that six dilutions which are now required to be 
treated are a fair quantity to expect the authority to 
deal with, why do you think that six rather than five or 
seven would form a proper basis P—You must take some- 
thing as a basis to work upon. I do not say that six 
times will do in all cases at all; I think in some cases it 
might be varied. 


20440. I understand this is your view, that many 
times more might still be called pollution P—Yes. 


20441. What we are trying to get at now is what in 
your opinion is financially practicable in your district. 
I understood you to say that this six times was a fairly 
practicable thing to require ?—I think it is fairly well 
accepted as practicable in my district. 


20442. Would it be practicable to go further and ask 
for more dilutions to be treated P—In certain cases. 


20443. Do you think it would be financially practi- 
cable P—It is very difficult to answer that question, 
because it depends upon the financial condition of the 
town to a great extent. 


20444. The condition of its sewers ?—The condition of 
its sewers; they might have to lay new sewers entirely 
for it; they might be in great financial difficulties, and 
could not afford to lay new sewers. 


20445. Meantime we may take it as your view that it 
would be reasonable to ask the local authority to deal 
with six dilutions, some of them fully and some of them 
partially P—Yes, I do, 

20446. Well, now, as to such partial treatment, I 
notice that in many of the cases that you have brought 
before us these storm waters are actually worse, more 
polluting than the dry weather flow; that is so, is it 
not; it is also in harmony with our experience else- 
where ?—Drs. Houston and McGowan have made the. 
analyses; I am answering on their analyses; I am not a 
chemist. 


20447. Dr. McGowan, may I take it that is soP— 
(Dr. McGowan.) Yes, in some cases. 


20448. I will tell you the point that seems to us to 
be very interesting to get at, is your highly polluted 
condition more largely due to suspended matter than to 
dissolved impurities in the case of storm waters ?— 
(Mr. Tatton.) That is a very important point which I 
am not able to answer; that, I take it, is a chemical 
question. 


20449. That is a point which we shall have to ascertain 
from Dr, McGowan ?—I think it is a very important 
point to ascertain. 


20450. If it were found, as appears to me not at all 
unlikely, that the impurities of storm waters are much 
more largely in suspension that in solution, then that 
would point, would it not, to the necessity of the partial 
treatment of storm waters being directed to the settle- 
ment of such suspended matters P—Yes, it would.. 


20451. Have you generally been able‘:té form an 
opinion whether the settlement of suspended matters in 
the storm waters does result im giving yowan effluent 
which is fairly free from dissolved impurities ?— 
I cannot tell you that, but I can say that a compara- 
tively short period of settlement of storm water-éffects 
a very great improvement. The suspended matters in 
storm water seem to precipitate more rapidly than the 
suspended matters in ordinary sewage, aiid I have no 
doubt that it is the suspended matters in ‘storm waters 
that do cause trouble, because they settle on the banks 
of the stream. _ ‘ 

20452. I am interested in hearing that opinion from 
you, because it is in harmony with the opinion we have 
heard from several others who have had practical know- 
ledge of these matters that the suspended. matters in 


~ storm waters do settle more rapidly than the suspended 


matter in the dry weather flow P—Yes, that undoubtedly 
is the case.- aii ae bo ote 
20453. Then you consider that point is one which it 
would be very important for us to investigate ?_Yes, 
20454. As to the relation between the suspended and 
the dissolved impurities in storm waters ?—I do. 
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20455. (Afr. Power.) I suppose you have never seen, 
im any part of your district, any contrivance adjusted to 
the storm overflow, something in the nature ot a rough 
filter, so as to pass the early overflow in a storm 
through some sort of a filter or a strainer, have you?— 
No, I have not. 

20456. Something might be gained, possibly, from an 
engineering point of view, by putting small filters or 
strainers on the overflow. Has it been attempted, do 
you know ?—No, it never has, as far as I know. Jam 
afraid the difficulty would be that you would so soon 
get the filter clogging up. 

20457. It would want constant attention ; it would 
probably want renewing, or turning over, after each 
storm ?—Oh, yes; I am afraid the first rush of the storm 
would block it up. 


20458. It would necessarily have to be of small area, 
because such strainer would probably be in the position 
where it could not be large ?—Yes ; however, I have had 
no experience of it practically. 

20459. (Chairman.) There is just one other important 
question I should like to ask you, Mr. Tatton; and 
that is, when we spoke just now about dealing with six 
volumes of the dry weather flow, and when you ex- 
pressed generally an approval of that empirical limit, 
we should understand, of course, that you would con- 
sider that that cannot be a fixed limit applicable every- 
where. There must be instances where obviously it 
must be modified. For instance, in the case where you 
have sewers bringing -down a considerable amount of 
subsoil water, so that the dry weather flow in those cases 
is abnormally high, it would in such cases be unfair, 
would it not, to call upon an authority to deal with six 
dilutions not only of its domestic sewage, but of this 
subsoil water? Let me take another case. Cases 
where you might have in sewers a considerable amount 
of trade effluents, consisting, say, to some extent of 
innocuous discoloration; it would perhaps scarcely he 
fair to require that such trade effluents should be dealt 
with in six volumes of dilution, in the same way as the 
domestic sewage. Then take yet another case, where 
one authority had an abounding water supply and 
another authority had an insufficient water supply ; you 
might have a consumption of water in the one case of 
25 gallons and in the other of 50; it would perhaps 
scarcely be fair to call upon the authority whic« had an 
abounding water supply to deal with six times the dry 
weather flow in the same way as you call upon the other 
authority with the inadequate water supply also to deal 
with six volumes. Does not that lead us, therefore, to 
this point, that it might be necessary in fixing the 
volume which is to be multiplied by six to take 
so many gallons a head as the basis? What do you 
think about that ?. 


(Major-General Carey.) I think that is really shown 
in the Local Government Board provisional rules; it is 
six times the dry weather flow of sewage. 





(Chairman.) Based on volume per head. 


(Major-General Carey.) Of sewage proper, the trade 
water being absolutely separated; you do not multiply 
the total by six. 


(Chairman.) Can you tell us what is the basis which 
they take ; is it 25 gallons per head, or what ? 


(Major-General Carey.) The basis is the actual dry 
weather flow, based very often on their water consump- 


tion. The authority are able to state their own dry 
weather flow, 


(Chairman.) Is there any allowance made where there 


is an abundant water supply and where there is a defi- 
cient one P 


(Mr. Power.) I do not think there is. 


(Chairman.) The point I want Mr. Tatton’s opinion 
on is this. I understand he considers that it is fair to. 
call upon an authority to deal with six times its dry 
weather flow, but I want to know’ whether he 
thinks the volume of the dry weather flow should be 
‘any volume arrived at*by multiplying the number of the 
population by a certain reasonable figure of water 
supply which should be constant in all cases ?—J should 
be inclined not to make a hard and fast rule, and not to 
fix it definitely at any amount of dilution; that is to 
say, that each case should be judged on ts own merits ; 


EVIDENCE ; 


and I should be guid:d to a great extent by the resut 
of the analyses of the sewage. 


(Mr. Power.) You take as a basis the strength of the 
sewage, do you mean ?—I mean that supposing you have 
a very weak sowage with a large amount of subsoil 
water, if you dilu.e that down you might possibly— | 
I will not speak from the chemical point of view— 
arrive at an effluent which would be non-polluting from - 
our point of view. 


20460. (Chairman.) Then we are to take it that your 
rule of the six volumes being a reasonable arrount 
requiring to be treated is a g neral view ?—That is it. 


20461. And you would modify it and be guided in 
specific cases by the condition of the sewage itself ?— 
Yes; [ shoald take all the circumstances of the case into 
consideration, and I should not fix it by statute at six 
times, and I should not allow it to be an answer to a 
charge of pollution. If an authority were polluting 
a stream, although treating six times the volume, I 
think that they should still be held liable, and that 
the fact that they are treating six volumes should not 
be an answer to a charge of pollution. 


20462. Then you seem to be in favour of having no 
fixed rule in regard to the dilutions?—I should 
only have a professionally fixed rule, the same as we 
have with our standards. It is only a provisional 
standard to see how it works; in certain cases we should 
have to go beyond it. 


20463. Mr. Willis calls my attention to this, that it 
would be very inconvenient to have a vonstantly varying 
standard. If an authority proposes to carry out a 
scheme, and you fix a number of dilutions, and they 
construct their sewers to suit them, it would be ex- 
tremely inconvenient if shortly afterwards you raised 
the number of dilutions to be treated, so I think it is 
rather important that we should get at the opinion of a 
large authority like yours as to the number of dilutions 
which it is prepared to ask them to treat ?—But the 
increase of population itself would create the same diffi- 
culty, Supposing they construct their sewers to deal 
with six times the dry weather flow now, in a few years” 
time these sewers would be too small; in any case they — 
would have to have a margin, i 


20464. Evidently, but a wise authority would look 
ahead, would it not ?—It would look forward. 


20465. And in laying down its sewers, would consider 
what has been the expansion of its population in the 
past, and form some opinion as to what it would be, 
probably, say in 20 years, in the future ?Yes, 


20466. (Major Gen. Carey.) There is one point I wish _ 
rather to get cleared up. The Local Government Board 
Provisional Regulations on the subject refer tv the 
average dry weather flow of sewage in 24 hours ?—Yes. 


20467. Your dilutions are based on a maximum flow 
in the 24 hours ?—Yes, that is so. 


20468. Therefore, practically the amount, six dilu- 
tions of sewage in 24 hours on the Local Government 
Board basis, would mean far less a volume than on the 
basis that you mentioned ?—Certainly, it would. 


20469. Therefore, supposing a place provided for six 
dilutions of sewage on the 24 hours average it would 
probably and almost certainly be providing for a very 
much less dilution than on the maximum in the 24 
hours ?—That is so. 


20470. That ought to be taken into consideration ?— 
That ought to be taken into consideration. That is a 
very important point. 

20471. All your answers on this question have been 
based on the maximum flow in the 24 hours ?—That is 
so. For instance, if we take the Stockport returns, 
dilutions of 3, 4, and 4 times. 


20472. Yes?—Whereas the actual discharge to the 
outfall works was only 23 times the average dry weather 
flow. 


20473. In the 24 hours?—Yes, in the 24 hours; we 
have been speaking all through as regards the rate of 
flow. 


(Chairman.) It only remains for me, on behalf of the 
Commission, to thank you for the great trouble you 
have taken in getting up these data for us, and in com- 
ing to day to give us your opinicn on these important 
points. We are very much obliged to you. 
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Mr. E. HALtiwett, called; and Examin:d, 


20474. (Chairman.) You are the Chief Inspector of 
the Ribble Joint Committee ?-—I am, sir. 


20475. You have been good enough to come here 
to-day for the purpose of enabling us to get your opinion 
in regard to various matters. Jn the first instance, in 
regard to the evils that are produced by the sludging 
of the mill dams. Would you be good enough, in your 
own words, to tell us the nature of these dams in your 
district, whether they are situated mainly upon 
polluted or unpolluted streams, and the nature of the 
evils that arise from dam sludging in either case /—The 
dams, sir, in the Ribble Watershed are situate, as a 
rule, on polluted streams. They are of various sorts, 
constructed in different ways. Some of them, although 
on polluted streams—I ought to say that they dis- 
charge into polluted streams—collect the waters from 
small tributaries which are clean streams. Another 
class of mill dams are those which take in polluted 
waters, and are made in the manufacturers’ works. 
Another class which is very prevalent in the watershed 
is that class which on a polluted stream is made in the 
bed of the stream, the manufacturer places a weir below 
the end of his works, at least as near as convenient, 
and, in some cases, dams up the river for a very con- 
siderable distance. The distance will vary according 
to the nature and fall of the river. The methods of 
sludging of dams are very variable. We had one case 
some few years ago where a manufacturer wished to 
clean a fresh water dam. Previously there had been 
a case taken into Court, and it was held that a manu- 
facturer is permitted, under certain circumstances, to 
sludge his dam. The firm, to keep within the law, 
instead of sending men in with rakes or spades, 
connected pipes to the water supply, and after running 
off the top water from the dam they washed in from the 
bottom the accumulated matter by the force of water 
which they obtained from their hose pipes; they there- 
fore managed without sending anybody into the dam 
to get rid of the whole of the accumulated matter. 
That is one form of sludging of fresh water dams. I will 
give you examples of the sludging of other classes of 
dams. On the River Darwen, one of our main streams, 
there are a very large number of dams which are sludged 
in scme cases once or twice a year, generally at holiday 
times, and in other cases once or twice a month. The 
top water is first run off, and then the whole, or part 
of the river, is diverted through the dam. The large 
velume of water removes a large amount of sediment ; 
but if the whole has not; been entirely removed, the 
water is diverted by means of boards or planks into a 
fresh portion of the same dam. The force of water 
removes still more of the sediment, and with a little 
management the whole of the deposited matter is 
washed out into the stream. 


20476. I suppose it does not really very much matter 
what process they employ to get rid of it, whether wash- 
ing it out with the water supply by means of the hose, 
or pushing it with spades or rakes, or washing it out by 
diverting the river into it; it all comes to the same 
thing ; it is washed out of the dam into the stream ?7—It 
is washed out into the stream. 

20477. Now, does any evil arise from that ?—Yes, sir; 
the streams are, when this is going on, extremely foul. 
Some distance below the dam you will find that the 
river is in a most polluted condition. On Satur- 
days it is quite a common occurrence to find the river 
en a Saturday afternoon, from 12 o’clock till late, 
according to the position you are taking up on the 
river bank, vou will find the river black, and in the 
summer months stinking. 


2u478. There is a great excess of suspended matter 
for one thing ?—Yes, that is so. 


20478*. You have, I think, given us some data and 
analyses which have been made under your direction, in 
which we find, for instance, that the river Darwen, 
above Scotshaw Brook Mill, had nominally about four 
parts per 100,020 of suspended matter in it, but below 
t-e dam, during s!edging op>rations the river Darwen 
had 244 parts per 100,000 ?—That is so, sir. 


20479. So that there is evidently an enormous in- 
crease in the suspended matter ?—Yes. 


20480. It isnot only that there is a great increase in 
the suspended matter, but I suppose it is the character 
of the suspended matter which adds to the objection ?—- 
That is so. 


20481. The suspended matter being in a _putre- 
fying condition*—That is so. I should like to make 
a correction here; in the case you have mentioned, 
Scotshaw Brook, it was not exactly a dam, it was a 
goit, and goits are very similar in their action to the 
dams. From the point of intake to the point of dis- 
charge is a distance of about 500 yards, but the goit 
continues to a mill, a distance of half a mile. 


20482. I suppose suspended matter settles in the goit, 
and when that suspended matter becomes inconvenient 
in volume it is let out ?—That is so. 


20483. So the action of the goit is only differing in 
degree from the action of the dam ?—That is so. 


20484. Now, as to the extent of the nuisance, there 
is obviously a large increase of suspended matter; is 
there are no appreciable stink from a discharging dam 3 
—Yes, sir, there is undoubtedly. 

20485. Have you had any complaints P—We have had 
informal complaints from manufacturers; they say the 
river is always very bad on Saturday; they do not care 
to write and make a formal complaint—they make 
these complaints to the inspectors when they visit. 
But in addition to that there has been a very bitter 
complaint. It has not been forwarded to us; I believe 
the letter has been sent to the Local Government 
Board—of that I am certain. But the Wigan Borough 
suffers very severely from this same sort of thing, 
running off the top water of mill dams, which carries 
away a lot of the suspended matter. The papers nearly 
every week contain letters, and remarks are made in 
the Council meeting nearly every mecting during the 
summer of the condition of the river, and that, I am 
confident, is entirely due to the running off of these mill 
dams and the removal of this suspended matter in this 
way. 

20486. Then we are to take it from you that you 
have had complaints, many complaints, and that you are 
satisfied that it is a very real evil?—I am, sir. 

20487. Now you have attempted to remove it by 
bringing actions against certain persons, and notably 
there is the case of the Ribble Joint Committee v. 
Halliwell, is there not P—Yes, sir. 

20488. What was the result of that litigation —The 
case was dismissed, sir; it was held that no offence had 
been committed, 

20489. The case was appealed against P—The case was 
appealed against. ; 

20490. And the judgment was confirmed ?P—And the 
judgment was confirmed, 

20491. Now, what were the grounds of the dismissal 
of the case?—The grounds were that the matter was 
matter in suspension and not solid matter, and there- 
fore the section of the Act—— 

20492. Which Act ?—The Act of 1876. 

20493. The Rivers Pollution (Prevention) Act ?—Yes, 

20494. Is there an exception made in regard to the 
matter in suspension coming down the stream ?—Yes, 
sir. 

20495. Do you happen to remember where it is ?—It 
is in the Definitions, sir; “solid matter shall not in- 
clude matter in suspension.” 

20496. Well, any way, there is an exception which 
appears to permit of this being done ?—That is so, 

20497. The existing law, therefore, you found to be 
insufficient to enable you to prevent the evils arising 
from dam sludging ?—Yes, sir ; also it was held—Judge 
Coventry stated that if he were wrong on this point of 
it being matter in suspension the firm were entitled to 
do it under Section 17. 

20498. I see the section says that the Act shall not 
apply to or affect the legal exercise of any rights of 
impounding or diverting water ?—That is so, 


20499. Then Judge Coventry in this case held that 
that permitted these persons, even if there was pollution 
by dam sludging, to hold up the water ?—That is so, 
and that was confirmed in the High Court. 


_ 20500. Then clearly you found that under the exist- 
ing law you are unable effectively to prevent this ?— 
That is so. 


20501. You do not fird the manufacturers are dis 
posed to submit themselves to control as to the times of 
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discharge, and so on?—No, sir; we have not pressed 
them to do that. 

20502. But, any way, you have been unable to get 
them to remove from their dams the deposit in such a 
way as it shall not go into the stream ?—That is so. 

20503-4. What modification of the law in_your opinion 
would be required and would be justified by the circum. 
stances ?—I think, sir, that one might reasonably ask 
at least that the law should be that when the top water 
from the dam has been run off, the matter which does 
not run off with that top water should be removed. 
You can run off your top water and leave a very great 
deal of the sediment at the botiom of the dam. The 
sediment, to my mind, should be removed in some way 
other than by the river. 

20505. It should be put on to land, I suppose, carted 
away or taken away, or removed by some means on to 
land ?—That is so. 

20506. And is that, do you think, financially practi- 
cable in most cases P—-I think so. 

20507. Do any of your people in fact do that >—In one 


_ case, sir, they do indirectly; they do not do it in 


exactly the same way, but we have one case where 
there isa large dam. For reasons—the size of the dam 
and the difficulty of filling that dam again—they are 
unable to run off the top water, and frequently during 
the year a man removes the suspended matter from the 
bottom of the dam. 

20508. Without emptying the dam ?—Without empty- 
ing the dam, 

20509. Does he do it by means of a boat ?—He does it 
by means of a large raft, and by scooping the sediment 
from the bottom of the dam. 

20510. On to the raft P—On to the raft, and then that 
is removed on to the land. That is done I do not think 
necessarily to suit us, but because of their own con- 
venience. 


20511. (Mr. Power.) Is this stuff supposed to have 
manurial value when it is recovered in that way, or has 
it simply to be got rid of as detritus of no worth?—I 
should think it would have very small manurial value. 


20512. Do they use it as top dressing for pasture P— 
No, sir; I do not think it would be even worth that. 


MINUTES OF EVIDENCE. 


20513. (Chairman.) The fact that a certain firm is 
able to do this, and it is not found to be a ruinous 
expense, leads you to think that it would be a fair 
thing to ask all dam owners to deal with sludge in the 
same way P—Yes, sir. 

20514. You think that is really necessary P—I do. 


20515. You do not think that the mere controlling of 
the manner and times of the discharge would be sufli- 
cient P—You are bound to have a nuisance, sir, in any 
case, even if you control it. In the case of dams which 
are situate in the stream, which are built in the stream, 
to my mind it is impossible to insist on the removal of 
the suspended matter, because the matter settles in the 
river bed. Even if he runs off the top water, he cannot 
send a cart in to remove the sludge; he will do it at 
the time when there is heavy rain, when the river is 
coming down in more or less flood ; it will remove the 
sediment, and even if the men were willing to have 
the means of removing it, the river coming down in 
volume would prevent them doing so, so that they would » 
naturally, I take it, run off their top water at times 
when there was likely to be a flood; then the river 
coming down would remove the accumulated sediment 
in the dams, those of the dams which are situated in 
the river bed. 


20516. In those cases you think it is not practicable 
to insist upon the persons using them removing out of 
the river altogether this suspended matter P—I think it 
is impracticable, F 





20517. It is impracticable in most cases ?—Yes, sir, 


20518. And in those cases would you do anything in 
the way of regulation?—I should, 


20519. You think that would be useful ?—I think it 
would be necessary, sir. 


20520-1. You think at present, in the absence of any 
special clause in your own Act, the law does not allow 
you to prevent the evils of dam sludging; but the law 
should be modified with the view to permit two things— 
the control of the discharge, and the absolute removal 
in certain cases of the deposited matter on to the land P 
—That is so. Might I point out, sir, while you are 
speaking of the evils of sludging, that the table which 
I have submitted shows more clearly than the case of 
the Scotshaw Brook the evils of dam sludging. 


TABLE referred to by Mr. HAnrtweEtt. 


Resutts in Parts PER 100,000. 














Solids in 
suspension. 
STREAM . . Totalacs i 
STATION, Time. solids. 
gu. be 
ae nee 
River Blakewater - 9.°0 to 11.30 46°8 8 0 
Do. do. - 11.30 to 1.30 05°2 3°6 56 
Do. do. - 1.30 to 3.0 59:0 | 10°8 9:2 
River Darwen 9.30 to 11.30 68°6 ROE | 2°4 
Do. do. 11. 30to 1.30 100-6 | 19°2 | 20°4 
Bo.speaalie -| 1.30to 30 | 63°71 23) 3-4 











20522. (Chairman.)-Yes ?—In that case the samples 
were taken over a period of two hours, and you will note 
that the average suspended matter: was 5°6. Then 
samples were taken from half-past 11 to half-past 1, two 
hours again, and during the whole of that time the 
average for that time the suspended matter was 39°6. 
The oxygen test you see shows that the figures increased 
from 32 to 7:94, showing that the suspended matter 
does contain a great deal of organic matter. Then 
from half-past 1 to 3.0’clock the river has again come 
back to almost its normal state, a veyy large decrease in 
suspended matter, and the oxygen absorbed is very 
much the same as it was early in the morr.. 22. ode 
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39°6 | 18 43/61] +29] 25 | 3-08] 7-94 | 1-44 | 2°68 
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20523. So that during the sludging of the dam the 


' suspended matter in the river was increased about cight 


times in the case of the River Darwen?—Yes, about | 
eight times. 

20524. And considerably more than tkat, about 20 
times, in the case of the River Blakewater ?—That is ~ 
so; and, of course, one of the main evils in this case, 
the Blakewater and the Darwen, is the fact that after 
it has passed the district where these dams are situate, 
some few miles below the stream you have weirs built in 
the streams, and this large accumulation of suspended 
matter which has -comé down settles behind these, weirs 


_and gives rise to a very great nuisance. 
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’ 20525. Then I will pass on, Mr. Halliwell, to ask your 
views in regard to the possibility of dividing streams or 
watersheds into zones, and having different standards 
of purification applicable to each. Do you think that 
variable standards applicable to different conditions 
and different parts of a stream or watershed are desir- 
able ?—I do not, sir. 

20526. Will you tell us why ?—I think that it would 
be as easy and as practicable for a Rivers Board or any 
other authority to Judge each works on its own merits, 
as to form different zones on one river, or put rivers into 
different zones. The conditions are so very, very vari- 
able. The volume in some of our cases of the river in 
dry weather is almost entirely manufacturers’ effluent 
or sewage effluent. After a little rain one river is 
washed out, and that rain is feltgfor some days. In 
another river after dry weather almost the same amount 
of rainfall has not the same effect. The greater por- 
tion of the rainfall passes very quickly, and even if it 
does not pass quickly a great deal of .it is collected in 
reservoirs and very large fresh water dams for manu- 
facturers. 

20527. You are not in favour therefore of varying 
standards according to the circumstances of different 
eg of a stream; you have told us why?—No, I am 
n 

20528. But I rather gather yuu are not m ravour of 
ffxed standards at all, are you ?—I am not, sir. | 


20529. You have been good enough before to express 
to us an’ opinion in writing upon that; would it be 
possible for you now briefly to restate it }I think, sir, 
that if you fix a standard you will have to fix that stan- 
dard so that in no case where the effluent exceeds that 
standard would you get pollution of the stream. I 
think you would find that many effluents which exceel 
that standard would not cause pollution. In some cases 
you would get efflaents containing more organic matter 
than the standard permits of, but owing to the volume 
of the stream or the rapid flow of the stream that such 
an effluent, although above the limit, would not cause 
pollution. I also think, sir, that the volume and nature 
of trade refuse, which is very, very variable in 
its constitution in the sewers, ought to be considered ; 
also one town which contains in its sewage a great 
deal of feecal matter and urinal matter, and another 
town which contains less feecal matter owing to the 
different systems in use in those towns, would make it 
extremely difficult to fix a standard, the same standard 
for the two towns. Also, sir, I think that when you 
have in one town a separate system for the storm 
water, and, in another, the combined system where they 
take the whole of their water, the effect of these waters 
on the sewage is such that it would be very difficult to 
fix the standards to meet the two cases. I also think, 
sir, with all due deference, that we hardly know as yet 
how far sewage treatment is practicable. 


20530. Your objection is rather to the fixing of a 
standard at present than to the fixing of a standard at 
all?—I am not in favour of a sndard. 


20531. As a fact, you work upon a sort of gradual 
standard now, do you not ?—We do. 


20552. So that you do find it useful and practicable 
to have that standard, although it may be absolutely a 
provisional one ?—We do, sir. 


20533. Should you think a standard ought to be based 
upon the non-putrescibility of an effluent undiluted 7— 
To some extent, but an effluent may be putrescible 
under ce-tain conditfons, whereas the analysis, unless 
very complete, would not show putrescence. And 
also, sir, we have our streams containing a very large 
amount of manufacturers’ effluent, the trade effluent 
may in itself not putresce, but it may have such an effect 
on the sewage effluent that you get the whole river 
putrescing. 


20534. You mean that the standard should take into 
account that it is quite possible for an effluent to be 
non-putrescent by itself, but actually to bring about 
putrefaction when it is diluted with the volume of the 
stream ?—I think it is quite possible. 


20535. But is it not possible to cover that by making 
your standard such as, for instance, it should be based 
upon the amount of oxygen taken up at a given time ?— 
I think, sir, the conditions in which it takes up the 
oxygen either alone or diluted are so very, very variable 
that if you fix your standard, in some cases your stan- 
dard will say to you that this man is committing an 


offence when he really is not committing one, or vice 
versa. 


20536. Dr. McGowan, would you like to ask Mr. 
Halliwell anything upon this point? 


20537. (Dr. McGowan.) I did not quite follow an 
answer of Mr. Halliwell’s just now; I might ask him to 
enlarge it a little. You said that you might have an 
effluent which was non-putrescible in itself, but that if 
it. went into a stream it might cause putrescence in that 
stream; but then is that not because the stream water 
was a worse effluent than itself /—That is so. 


20538. So that as a matter of fact you are talking of 
running an effluent which would be classed as non- 
putrescible into an effluent which would be classed as 
putrescible, but under the name of stream ?—Yes, sir, it 
is a question as to whether you could make a sewage 
effluent standard applicable to a manufacturers’ 
effluent standard. 


20539. Had you any instance in mind when you 
made that answer about an effluent non-putrescible be- 
coming putrescent when it goes into a stream ?—I can- 
not put my hand upon a definite case; I believe it is 
the case in some of our streams. 


20540. It is a most interesting point, and if you could 
give us some information on that point we should like 
to have it ?—I am judging from these grounds, sir. Ido 
not doubt the whole volume of some of our streams in 
summer is entirely manufacturers’ effluent, plus some 
sewage effluent; below the point of the last receiving 
of sewage effluent there are several large weirs, now 
behind those weirs there is a nuisance; higher up the 
stream where the weirs are not present, you cannot 
complain of the condition of the stream. 


20541. Then, I take it, probably the nuisance arises 
behind the weirs from the accumulation of solid 
matter ?—That is so. 


20542. So if your standard made provision as regards 
solid matter you would probably avoid that, would you 
not +—Well, sir, I have several cases in mind where an 
effluent itself is not putrescent. If you take the 
Accrington samples, which you will probably know of, 
the sample itself will not putresce, but if you allow 
the sample to settle for a little while, pour off the top 
water, add fresh water to the sediment which has settled 
out, that sediment will take up the dissolved oxygen 
trom the water; and I take it it is the same thing that 
happens in the stream. Take the Accrington case; the 
nitrates present in the supernatant liquor are sufficient 
to prevent that liquor putrescing, but the suspended 
matter which, although small in the effluent itself, 
accumulates behind these weirs, and in the goits and 
the dams, the supernatant water is passed, and you get 
the sediment due to this accumulation of matter, 
putrescible, and setting up putrescence in the whole 
river. Now, we have several cases of that sort. Of 
course, on the other rivers, on the Ribble itself, which is 
a large stream and in good condition, I do not think 
that you would have anything like the same effect ; Ido 
not think it would be felt as the water passes away— 
it is not held up to any considerable extent—and we 
should not have the same nuisance. But take the 
Douglas, another of our main rivers. The whole volume 
of the river in dry weather is passed through a manu- 
facturer’s mill dam, and an opportunity given for any 
or all of the suspended matter to be deposited. 
Above this point there is a sewage works, and a very 
large volume of trade effluent, several million gallons, 
everything goes into the milldam, settles, and causes 
putrescence. It is on those lines which I think prevent 
you fixing the standard, because it depends on the 
local circumstances of the river, some distance below 
the point of the effluents which you are judging. 


20543. There is just one more question, if I might ask 
you, Mr. Halliwell. You say that at present you do not 
think it would be advisable to fix a standard ; you are 
not absolutely against a standard. Supposing you were 
in a position to fix a standard, have you formed any 
idea in your own mind as to the principles upon which 
you would base the standard ?—Yes, sir. The first strict 
rule, to my mind, would be the removal of the sus- 
pended matter; I was going to say almost the entire 
removal of it. I think three parts per 100,000 would 
in some cases be not severe enough. Jt is the accu- 
mulation of it which Ifearso much. After the removal 
of the suspended matter, I think one should judge of the 
rate and amount of dissolved oxygen which that effluent 
should take up; both the amount and the rate, not 
necessarily one, but both together. I also think, of 
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course, that absorption depends more or less upon the 


nitrates present in your effluent. In sewage 
effluents, I think, you ought to have nitrates 
present to some extent, not necessarily a very 


large extent. Of course, some classes of effluents do 
not contain so much nitrate as other classes do, 
although the one containing less nitrate might be a 
better effluent than the one containing a large amount. 


20544. What would be the object of having nitrate 
present in the standard ?—If you have nitrate present 
it shows that nitrification to some extent has gone on; 
it has reached that point where further nitrification 
could go on. 

20545. (Chairman.) The effect of dissolved oxygen in 
the effluent would be the same, would it not—that you 
would get oxygen there to complete the purification of 
the remaining organic matter?—Yes, sir, of course you 
would. 

20546. So it is immaterial whether the oxygen exists 
in the form of nitrates or in the form simply of dissolved 
oxygen?—I say I should require more than that; I 
should want the effluent to contain dissolved oxygen in 
addition to the nitrate. 


20547. The practical point you were putting before us, 
which interests us very much, is that you think the 
measure of the dissolved oxygen taken up by an effluent 
is a valuable test P—I do. 


20548. And that that, in connection with the amount 
of suspended matter, might be a sufficient test P—I 
would not like to go so far as that, sir; those points 1 
think ought to be considered. 


20549. What points?—The amount of the dissolved 
oxygen, and the rate at which that dissolved oxygen is 
taken up or disappears, whichever way you like to take 
it; and the entire removal of the suspended matter. 
But at the same time I also think that the others ought 
to be considered—the other points, such as oxygen 
absorbed and nitrogeneous matter, should be con- 
sidered. 


20550. But suppose an effluent passed a reasonable 
standard in connection with dissolved oxygen, would 
you. not be satisfied with it ?—My difficulty, sir, would 
be to fix a standard for the dissolved oxygen. It should 
perpaps be on those fines, but personally I could not say 
what figures would satisfy our watershed. 


20551. Well, let me put an example before you. Sup- 
pose you have an effluent, and you shake it up and you 
saturate it, and after 24 hours you still find it contains 
half its dissolved oxygen, WOU: you consider that satis- 
factory ?—After 24 hours ? 


20552. Yes P—Not in itself. 


20553. You would think it necessary to investigate it 
further ?—I do, and on these grounds—that some dis- 
tance below where this effluent is discharged into the 
stream, the stream is used, or is probably used, by some 
manufacturer who increases the temperature very 
markedly of nearly the whole volume of the stream. 
Now if he does that you will probably find that he not 
only removes by increasing the temperature some of 
the dissolved oxygen, but he also tends to hasten any 
putrefaction which can occur, We feel in our water- 
shed the usage of the water very severely. The tem- 
perature of the water of the rivers is distinctly high in 
many of our cases; it is so often used and re-used and 
used again by manufacturers either for condensing pur- 
pcses or boiler purposes, or in some cases manufacturing 
pur poses, 


20554. Are we to gather that in your opinion, on 
account of the temperature of the streams in your dis- 
trict, you consider that an effluent which after 24 hours 
had not taken up more than half the dissolved oxygen, 
wculd still be objectionable —I would rather put it this 
way, sir—that I am not sufficiently confident as to what 
would happen; I would rather not express an opinion. 
I think it is quite possible in some cases it would 
occur, but I cannot give you a definite case. 

20555. Speaking generally, then, you would have con- 
fidence in a standard which was based upon the amount 
of oxygen taken up, and also upon a certain limitation 
of suspended matter ?—I think these are the lines which 
should be considered. 

20556. But you do not think it would be applicable in 
al! cases P—No, 

-0857. With regard to zones, you think it is not desir- 
able to divide into zones, but much further and 


corsider each specific case by itself 9—-Each specific case 
by itself, 


MINUTES OF EVIDENCE: 


20558. (Major-General Carey.) Do you medify your 
picvisional standard according to the locality or posi- 
ticn ?—No, sir. The provisional standard is very useful 
in this respect, that in many of our works the com- 
mittees and managers like to know how the results com- 
pare with other places, and they are interested in those | 
results; they can understand a simple figure. But in 
some cases our ‘provisional standard is affected by other 
things; I must admit in some cases the albumi- 
noid ammonia standard is unsatisfactory; other 
fizures would show it was satisfactory, and vice versé. 
Those are considered by us before we take steps to 
compel further purification. 


20559. (Chairman.) There remain one or two ques- 
tions which I want to ask you on the important question 
of the treatment of storm waters. I suppose I may 
take it in your district not every local authority can be 
said at present to effectively treat even its dry weather 
flow -—Not every authority. 


20560. Does any important authority in your district 
treat effectively not only its dry weather flow, but some: 
dilutions beside ?—They do. . 


20561. Tell us what you think is practicable to be 
done by local authorities so far as your experience goes. 
First tell us what you think it would be desirable te 
aim at doing in the direction of dilution, and then what 
you think it would be prawucabie to do—practicable, I 
mean, for financial reasons P—Certainly,. 


20562. First of all may I take it that you think many 
more than six volumes should be treated if you are to 
prevent the pollution of a stream ?—I am afraid, sir, I 
hold rather different opinions in connection with storm 
water than I have ever seen expressed. I hold that at 
the beginning of a storm the whole of the waters should 
be treated whatever that volume happens to be at the 
time. - 


20563. It might rise, might it not, to a very large 
number of dilutions ?—Yes, to a considerable number. 


20564. Although you may think that theoretically it 
ought to be done, you are limited by such considerations. 
as the area of the sewers, for instance ?—Undoubtedly. 
The sewers will take at the beginning of a storm—in 
most cases that we have to deal with, ordinary sewers 
wil! take the first half-hour’s rain at any rate, as a 
rule; it must be a very heavy rainfall that is not taken 
into the sewers. At the beginning of a storm the sewage 
is incomparably worse than the ordinary dry weather 
flow, 


20565. Your view, then, is the same we have heard. 
expressed in other directions—that the early dilutions 
of sewage are much worse thaa the dry weather flow 
was ?—Undoubtedly. 


20566. And even with six dilutions that is the case? 
—That is so. It depends largely, sir, upon several 
peints, important points. Firstly, it depends on the 
incline of the sewers and the conditions of the sewers. 
There is one case in our watershed where at the begin- 
ning of a storm the overflow is extremely bad ; in that 
case it is an oldish town, the sewers have been laid 
for many years, and have more or less sunk. The 
result is that you get with a little storm the washing 
out of these sewers, which causes a discharge of a very 
strong sewage. And I might draw your attention to 
samples which I took from one town. In this case the 
samples of the sewage were taken every day for a week ; 
they were average samples, taken, I believe, every 10 
minutes for a period of one hour. The analyses were. 
as follows :—August 7th, the suspended matter was 8. 


20567. Eight there means 8 parts per 100,000?— 
Eight parts per 100,000; the next day it was 24; on 
the next day there was a storm, and samples were 
taken of the overflow to the river every 10 minutes for 
1} hours; the suspended matter was 370. The next day the. 
suspend>d matter was 26; the next day it was18-5; the. 
following day there was another storm, and the sus- 
pended matter increased to 178. Now, in tnat town, 
sir, the sewers are, comparatively speaking, old; it is: 
a colliery district, and there has been a great deal of 
subsidence. The normal sewage, I believe, is weaker 
than in most towns owing to a lot of the suspended’ 
matter settling in the sewers; if you get a storm the 
sewers are washed out completely. 


20568. When you tell us that the storm sewage was: 
worse, and even many times worse, than the dry weather 
flow, you would probably find, would you not, that it: 
was due to an excess of suspended matter rather than 
of dissolved impurities; have you investigated that 
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the storm, and afterwards, I think, it is quite feasible 
that less than six times should be treated. 


Mr. B. 


pcint P—That is so; it is more in connection with the 
Halliwell. 


suspended matter, but the suspended matters are 





largely organic matters, 


20569. Should I be right in taking your opinion to 
be this—that in storm waters the main thing to do is 
to settle the suspended matter ?—Yes. 


20570. Have you tried any experiments yourself in 
regard to storm waters, of filtering such storm waters, 
and then estimating the amount of dissolved impuri- 
ties ?—I have taken samples, sir, of storm water in 
which the treatment has been simply settlement or pre- 
cipitation. 

20571. Well ?—And in that case it is quite sufficient. 


20572. You find that what is left after unassisted 
settlement of storm waters may safely be allowed to 
pass ?—I think so, sir, undoubtedly. My opinion is 
that if you remove the suspended matter you can safely 
allow the other to go. Not only is that matter in solu- 
tion less polluting, but the river is probably in flood 
at the time, and can take that matter in solution with- 
out causing any nuisance; but the suspended matter if 
allowed to go forward would settle in the river. Another 
important feature is the amount of trade refuse in the 
sewers. In one case a little while back we had a sam; le 
from a storm water overflow during a storm which was 
very much worse than usually is the case. On investi- 
gation we found that at this particular time there was 
an excessive quantity of trade refuse going into the 
sewer. In this case the manufacturer had an agree- 
ment with the Corporation to take the worst portions 
of his trade refuse. 

20573. You say “too big”; do you mean to take into 
the sewers ?—Yes; the manufacturer passes his trade 
refuse into tanks; the letting off cf these tanks is in 
the hands of the local authority; they can) let them cff 
as they wish. The tanks were full, or nearly full; the 
man, who had control of the tanks discharged the tanks 
into the sewers at the time when the sewers were 
charged with rain, the result was that most of the 
manufacturers’ trade refuse went through the storm 
water overflow into the river. That may be an excep- 
tional case, but it did happen. The authority, on this 
case being pointed cut to them, said they would in 
future take more care. 


20574. Even in your own district that was an excep- 
tional case, was it ?—I think so, but it may happen, and 
is very likely to happen ; so that to my mind you must 
«consider, on the question of storm water overflows, the 
amount of trade refuse, and the nature of the trale 
refuse, which is going into the sewers. 


20575. But, speaking generally, we have got your 
opinion so far that storm waters are exceedingly im- 
pure, but their impurity is mainly due to suspended 
matter ?—That is so. 

20576. The settlement of such suspended matter, 
speaking generally and broadly, would be sufficient 
treatment ?—That is so. 

20577. The next point we want to get at is how many 
volumes is it practicable to ask authorities to deal 
with ?—I have considered that point, sir, and I think 
the volume they should deal with depends on the dis- 
tance of the sewage works from the town, and also the 
nature of the town. I might, for example, point out: 
We have in one case a town in which the sewage works 
are close to the town; it is a hilly district. At the 
beginning of the storm the rain passes quickly “nto the 
sewers and getS away; the sewers do not feel the effect 
of that storm for any length of time ; but in other cases 
tha sewage works may be some distance away, and the 
sewers having a slow gradient, the sewage does not get 
to the sewage works in the same time; and, therefore, 
if you have your storm water overflows made in several 
places you will take to your sewage works a very great 
deal less liquid than a town where the sewage works 
are close at hand. 

20578. You think that whatever rule is adopted such 
tule cannot be applicable in all cases ?—I think so, sir. 


20579. Are you able to express an opinion upon the 
provisional rule, which has been laid down by the Local 
Government Board as a condition for sanctioning the 
loans, as to whether the six times, which are to be 
treated, partially and wholly, meet the case ?—I do not 
think they meet the case. 


20580. You think that more should be done ?—I think 
there should be more latitude shown. If possible they 
ought to treat more than six times at the beginning of 
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—It would involve a storage. 


20582. You would not suggest that the works should 
be enlarged so as to deal with a larger number of volumes 
than six, even for short periods?—TI think, sir, for a 
short period it is possible to deal with more than six, 
and that is done in our own watershed. 


20583. In other words, you think it is possible to over- 
work the plant for a limited period)?—I do. You 
have to treat say up to three times as normal sewage, 
and from three to six as storm water sewage. It is 
often argued in the district that if you can pass into 
the stream effluent from sewage which only needs 
partial treatment, that is to say, from the three to the 
six, you ought only to treat partially the one to six, 
and in some cases they do that ; but they store the first 
portion of their sewage; then when the sewage is 
diluted they will only give it a partial treatment, but 
they will be treating fully the sewage which they have 
stored, which is the strongest portion. 

20584. The mere storage involves very considerable 
outlay, does it not ?—It depends very largely. Insome 
cases they can afford to do it. In some of the normal 
plant they can reserve a tank or tanks for the first 
portion of the storm sewage, whatever strength that 
may be. 

20585. Are the sewers as a rule capable of bringing 
down more than six volumes ?—In some cases they are 
and in others they are not; in some cases they cannot 
take six times under any conditions; but as a rule 
the main storm overflow is at the works. 

20586. So that you could not carry out your sig- 
gestion to advocate that not only six but more than 
six, except by duplicating the main sewers in those 
places ?—The length of sewer which would need dupli- 
cating is very variable; they often have sufficient 
sewers, the sewers are sufficiently large to take over 
six times to a certain point, and the duplication of 
sewer might only mean in some cases, comparatively 
speaking, a small length. 


20587. We may take it as your view that, speak- 
ing generally, the treatment of six volumes, some of 
them thoroughly and some of them partially, is a 
fair thing to ask the authority to do, but that you think 
in the beginnings of storms, even more should be done? 
—I do. 

20588. Now, is it practicable to do that financially ; 
have you in your district any authority that is deal- 
ing with six volumes of its dry weather flow ?—We 
have several. 


20589. Would you name some to us ?—Brierfield are 
dealing with at least six times the dry weather flow. 


20590. What is the population ?—I believe the popu- 
lation is about 10,000. 

20591. Are there many such authorities in your 
district +Several are treating at least six times dry 
weather flow. Darwen is the case where they take 
the whole of it, whatever it happens to be. 


20592. That the sewers bring down ?—Yes; and the 
sewers bring far more than six times, and they deal 
with it for a time. ; 

20593. In expressing to us an opinion that it is 
financially practicable for authorities to deal with 
six volumes, you are basing your opinion on the fact 
that that is actually done by certain authorities in 
your district?—That it is actually done by certain 
authorities. 

20594. You told us in your earlier evidence that you 
thought it inadvisable to have fixed standards be- 
cause they could not be applicable in all places, not 
even in zones, upon a stream, but that they must be 
considered in relation to the particular merits of each 
case on the river; therefore, after fixing the number 
of volumes to be treated, you must also be guided in 
each case by the local circumstances ?—Undoubtedly. 

20595. You do not think it practicable to lay down 
any general rule ?—I think it is impossible, and one of 
my reasons for objecting to standards is the 
fact of the presence of storm water; the storm water 
question is one of the main features to my mind for 
objecting to standards. 


20596. Would there not be very great difficulty with 
the Local Government Board or any supervising autho- 
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rity in considering a scheme if they had not in their 
minds some sort of standard as to the amount of capa- 
city that sewers should have?—Undoubtedly it is a 
diffculty, but I think it is less difficult to consider a 
place on its merits, and there is less likelihood of grant- 
ing favours to one place and disfayours to another if 
you consider it on its merits rather than put down a 
fixed standard. 

20597. Considering each case on its merits, what is to 
be the basis of your decision ?—I think it would be quite 
possible that samples should be taken and the volume 
of liquid measured at frequent intervals. After con- 
sidering the analyses and volumes you should be able 


to say when the storm water overflow should be allowed 


to come into operation. 
20598. The quality of the storm water would be the 
basis of the decision that you would come to in each 


case ?—No, not the quantity; I should take it on the, 


nature of the overflow, not on the quantity—on the 
nature of it. 

96599. What do you mean by the nature if not the 
quality ?—I beg your pardon; I thought you said 
quantity. 


MINUTES OF EVIDENCE : 


20600. No, I said quality ?—Quality—I should, sir. 
If I might mention one matter in the question of storm 
overflows, we have a case in peint. There is an authority 
discharging from a storm water overflow which does 
not come into operation until more than six 
times dry weather flow is passing; but that overflow 
goes to a river which is impounded in its lower reaches 
by a manufacturer. The manufacturer complains: 
to us that this stream is polluted. I do not 
think this particular overflow comes into operation 
until 10 times the dry weather flow is passing down. 
The authorities say, “If we treat six times, the Local 
Government Board say we are justified in passing into 
the stream,” but undoubtedly the manufacturer has 
some reason for complaint. Here again it is a question 
of the stream into which the storm overflow discharges, 
and therefore not only must you consider the quality of 
your overflow, and the quantity of your overflow, but 
you must consider the river into which it overflows. 


20601. Thank you, Mr. Halliwell; we are muck 
obliged to you for coming to us and giving us the 
valuable evidence you have given us to-day. 





Copy Letter from the Ribble Joint Committee. 


(Secretary.) 


Ribble Joint Committee. 
County Offices, Preston, 
8th December, 1904. 


Sir,—I am directed by the Ribble Joint Committee 
to draw the attention of the Royal Commission to the 
question of amending the Rivers Pollution Prevention 
Act, 1876, in order that a certain class of offence which 
is causing the greatest possible harm’ to the rivers in 
this watershed may be more readily dealt with by local 
authorities entrusted with the carrying out of the Act 
than is possible as the law now stands. During the 15 
years that the Joint Committee has been in existence 
a considerable amount of work has been done in getting 
manufacturers to put down purification plant, but occa- 
sionally some manufacturers are detected running off 
their precipitating tanks, and thereby allowing the 
deposited solids at the bottom of the tanks to be carried 
away to the river. <A case in point is a well-known 
paper company who were compelled by the action of the 
Ribble Joint Committee to construct purification works 
at their two mills, and on the 10th March last during 
the night time the precipitating tanks at each mill 
were run off simultaneously into the river, the offence 
being detected by the Rivers Inspector. On the 14th 
March the Committee decided to take proceedings; on 
the 30th March an application was made to the Local 
Government Board for an order to do so; the Board 
held an inquiry on the 6th May, and gave their consent 
on the 30th June; this was reported to the Joint Com- 
mittee on the 11th July; and on the 23rd September 
an action was heard at Darwen County Court when the 
firm were ordered to abstain from committing similar 
offences in the future, and to pay the costs. Upwards of 
six months elapsed from the date the offence was com- 
mitted before the matter could be brought before the 
County Court. The order of the court did not require 
the firm to construct additional works, but simply 
to make proper use of those already existing. 


The Committee are of opinion that it ought not to 
be necessary in a case of this kind to obtain the sanction 
of the Local Government Board before taking a case 
into the County Court to obtain an order compelling 
the manufacturers to refrain from making improper 
use of existing purification plant. : 

_I_enclose particulars of several other cases of a 
similar kind, showing that the practice of running off 


precipitating tanks surreptitiously is by no means an 
uncommon occurrence, and is one which is difficult 
to stamp out, as the law now stands. 


The Committee beg to suggest that the law might. 
usefully be amended in this direction, and further that 
the County Court should have power to inflict such a 
fine as the Judge might think proper, having regard 
to the circumstances of the case. At present the 
County Court cannot inflict a fine, except in a case 
where an order has been previously made by the court 
and disobeyed.—I am, Sir, 

Your obedient Servant, 
H. E. Cuare, 


Clerk to the Joint Committee. 


Enclosures to Letter from Ribble Joint Committee. 


RisBLE WATERSHED JOINT COMMITTEE. 


At a meeting of the Joint Committee to enforce the 
provisions of the Rivers Pollution Prevention Act, 
1876, in relation to parts of the River: Ribble, 
held at the County Offices, in Preston, on Monday, 
the 12th day of September, 1904. 


PRESENT :— 


The Right Hon. Sir J. T. Hrsert, &.c.3. (Chairman), 
etc., etc. ; 


Suacrestep AMENDMENT TO THE Rivers POLLUTION © 
Prevention Act, 1876, 


Resolved.—That a recommendation be made to the 
Royal Commission on Sewage Disposal that in’ any 
further legislation relating to rivers pollution it 
should be made an offence, punishable by a fine, for any 
person to wilfully misuse works which have been con- 
structed for dealing with the effluent proceeding from 
a manufactory or manufacturing process, and that in 
such a case. it should not: be necessary to obtain the 
consent of the Local Government Board before taking 
proceedings. ‘ . 


H, E. Crarz, - 
Clerk to the Joint Committee. 
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Koyal Commission on Sewage Disposal. 


MAP HANDED IN BY MR E.HaALLIWELL. 





















N 
= CHATBUIKN RP 
pm 7200 & 
AI re, ¢ 
se, 4 
— 
RIBBLE JOINT COMMITTEE. 1% 
Bw 
ol. 200,000 
MAP OF WATERSHED. es wl 20000 
00. Yel 100,000 
50,000. 100, 
—\ Vol 2 Vol. T000 fo) 20,400 
: 2 COLNE S.W. 
STONVHURST COMEBE na 
Vok=al0,00B. L Yol. 500,000 e Vol. $00,000 re — ae 
BARRQH/S.=< ef Vol. 50,000 es gc 
Ve Vol. 6900. - LY Ga00 \ 
P 450,000 i NELSON SN, ° 
LONGBRIDGE SW. WHALLEY/S.W SABDEN S5.W. Yol.600,00 
Vol. 80,000 it VALE AOME CS Vol 20,000. Yo! 30,000. BRIER (ay ee® tat 
ss XD Vol 6,006 150, 
i SLACK POOL RIBCHESTER 8. x ° Feo. BURNAEY S.W. 
1, 500,000 Vol 20,000 “0Y oo S Vo!. 2,000,000 
iy _GRIMSARGH SW. Ri” Zan. 
if Vol. 1,000 fen ATMA SW, - 
| ee Pop Sober.) $200 1,000,000 
ip WILPSHIRE S.W. CLAYTON £ GT HARWOODE HR Y= ~~ PADRAN SBD “al. (500,000. 
if KIRKHAM. c=a_Vol. 15.000 eA Va fovea Vol 240,900. 
i] oF Ny Ts ne 5 Yol.100,000 )  (o» Yo! 
| Fe 7% 000 = ei wine MELLOR BROOK S.W. ty Vol. 20,0002, HUN COAT SW P> 
a Vol. 150,000 NGL 5000 |, 0, Vol. 20,000. pail 
( ELLOR SW es 
woof RISHTON 8.W. 
Vol. $00,000 @ Vol. 150,000 
i \ BLACKBURN SW. 
Hl — Vo!_5,000.Q00 Vol 1.000, 000%,/ ACCRINGTON & CHURCH S.W. AN 
| TOS ver Xe Vol, 10g.o00 ate Gee Hie! = 
iam — oe: Ri WITTON SCR. Yel, 150,000. Hol 300,088 STe!-¥00,000 e> 
|.93 STANNES LYTHAM WALTOMLE Db SW, ‘= tol. er 
5 © Outtsll PRESTON Jol 300.000 Wio!. 100,000 Vol. 2,000 © ol105.006%/ > Yol. Yo. 900,000 
uy al, 210,000. % Outhalt re @ Outhpll a Vo/, Yo) 
Vos, 210.000. V5T- 2,800,000. 4.000 i ] 
{ EN PLEASIAGTON 5.W aed 
| Lt SS Ip. 25,000 @Yo/ 50,000 @Wo/.200,000 
pa Yol 500,000 ©%o/. 100,000 
| = Xe Yo!.500,0008 @o/290. 000 
| DARWEN S.W. ECCLESHILL S. 
| eG he ace) s Yo!.750,000 V1.5 09 ggg Vo-9.000 
if : 3 WWITHNELL ABBEY 8.W. a, 
} fi Ay os ‘ol 24 000 ODOLESDEN SW. 
Yol. 11,000 
iy & Vol. 20,000) 1, ang 
Kk” WHITTLE-LE-WOODSS.W i cane 
i ‘s ae Yo. 30.000 WHEELTON 5.W. 101 500,000 
7 CROSSENS CHANNEL LEYLAND S$. Wom Yol.300,000 \__£ tol. 10,000 
4 PN eZ Vol. 3,000 Yo! 250,000 2 {Wors¢0,000 CES Or GOR, 
le % ) ¥ \ 
) a 
4 ee a 
{ — S\ croszem s.w. EUXTON §.W. bol bs SS 
7 ie Yolf50.000 A a 3 
i a = Pe y — : © ¥0L.;000,000 BR 
| ~*~ B ky 2 228 7 5 if 01 45,800 Te 
! \ >, ow MAIN 5. Hh-~ 4S, 
Ney bi rer z Vol. 750,000 & " yo/, 100,000 % 
& . 
Yol.300, 000/® § COMLING 5. 
S A 8,000 
ow 
| Yo! 1,500,400 YI Is 3 EXPLANATION. 
RI ae 
? as cxukGn fw. er 
OPPULL S. 12,000 Yo!. 109,000 i 
J. LATHOM\ & BURSCOUGH S.W. Beeps "@ Sy Discharge from Sewage Works 0 
NEW LANE\—= Yo! 50.000 eae ee GAR Some 
\ Yol.100,000 BE oad do. do. Sewage Crade . 2. 
\ ADLINGTON : 
NOGA 8.1 | VoAibo, oop © PX500,000 i do. do. Prirt,Zve & Bleach Works... ee: e 
= 6 %al.000,000, 
YO te 00,9004 _ 
ce jornon sm KPC tose 000 do. dO, Paper WOTkS eee e 
Ol. 1, = / ; 
oF ae CL ool al ihe do. do. Chendcal Works... @ 
eS. Fep O/” , P 
Vol 168000-— Lo, Vol. #80090 do. do. Tannertes Se i, eae ° 
“Si STANDISH S. 
Sp Yo/, 100,000 do. do. Brewertes_ a ee 
LATHOM & BURSCOUGH yee 
WESTHEAD \Yo/ 45,000 4 F : 
tn Note. Al figures are norma/ ary weather Howin gallors per 24 hours. 
d A 
MAIH SH, = ‘ iC oe . Saco ae 
| oD i) [48 000 ; Vol. se oee LThe Blue shading in the rivers marks their tidal limits] 
cpanel ale PEMBERTOW 8.W. 
PENNYLAND, MAIN SW, &®\ Yo/ 400f 000 
! o[ 2,500 HOLLAND iioaid Vow, 7 000 
Or B-O6 ; LOWARO HALL/WELL FC. 
UPHOLAND, — rowrine 
Vol. 7,800 INCE_S_W. Chief Inspector, 
>= Vo]. 250,000 
PRESTON . 
= P ‘ ¢ 7 8 9 JoMiles. 


Miles o 4 4 a\ 





Weller &Graham,Lt¢ Litho. London 





ROYAL COMMISSION: ON SEWAGE DISPOSAL. 


RIBBLE JOINT, COMMITTEE. 















































Samples taken at Purification Plant. Bu-iness—Calico Printers. 
Parts per 100,000. 
Oe opi ek Suspended Di-solved Oxygen 
absorbed in 
Solids. Solids. i houre 
1902. . 
September 13th - - - - | Crude Liquor to Tanks. 212-0 272°0 or 
1903. ; 
March 20th - - |- -  -| Crude Liquor to Tanks. 96:0 171-0 — 
October Ist - - - - - Final Effluent 44 42°0 —_— 
November 12th - - . - _do. 7:2 83°0 —- 
1904. 
June 2nd : =i y le - : do. 4°8 57°0 —_— 
Meeeeiad = Si "do. 7-4 77-0 _ 
J uly 22nd - . Spay BL do. . 6:0 48°0 — 
September 20th - a - do. 5-2 55°0 — 
January Sth - <- - - - ere of discharge of 1074‘0 406°0 126°1 
sludge owing to impro- 
per use of works or 
negligence. 
EDWARD HALLIWELL, F.I.C. 
RIBBLE JOINT COMMITTEE. 
Samples taken at Purification Plant. Business—Brown Paper Works. 
Parts per 100,000. 
<a wort Suspended Dissolved Oxygen 
absorbed in 
Solids. Solids. Phone ese 
1903. | 
January 14th - - - : | Crude higue: to Tu nks. | 290°0 477°0 39°6 
a | 
October 7th - = : + Final Effluent. 9°0 250°6 ax 
1903. 
January 14th- - --- -| do. 50 3040 18-1 
February 20th - - = a do. 14:2 321°0 ae yea ucts 
July 8th so ey do. 6-0 280-0 = 
1904. | . 
August 22nd - : : - - | Sample of discharge of 686°0 96-0 102°0 


sludge owing to impro- 
.| per use of works or 
negligence. 
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Samples taken at Purification Plant. Business—Dye Works. 








Parts per 100,000, 


























a rome Suspended Dissolved Oxygen 
Solids, Ah. absorbed in 
Sse 4 hours’ test. 
1902. 
September 22nd - - - - Final Effluent. 5'8 76°0 — 
October 23rd - : . - - do. 7°0 84‘0 — 
1903. | 
April 21st 3s) do. 4:0 1220 _ 
October 8th - - - - - do. 6°4 111°0 — 
1904: 
February 2nd - - - - do. 66 89:0 
October 8rd_- - - - - do. 3°0 134:0 — 
August 8th -  - - - - | Sample of discharge of 114-0 119-0 20-0 
sludge owing to impro- 
Ber nee works or 
ae 
EDWARD HALLIWELL, ELC. 
RIBBLE JOINT COMMITTEE. 
Samples taken at Purification Plant. Business—Printers’ Dyers. 
Parts per 100,000. 
west pasa Suspended Dissolved Oxygen 
absorbed in 
: Solids. Solids. er 
1902, 
August 27th - - - - - Final Effluent. 8-0 a 
November 11th - - - : do. 18 — 
December 10th - - - - do. 2°8 “= 
1904. 
January 6th -— - : saae = do. . 4°4 _ 
Jaly 26th 0 2 en ee do. 5:6 aa 
September 2lst- — - - - - do. 8-0 — 
Octover 17th - n° : - | Sample of discharge of 1836-0 92°0 


sludge owing to im- 
proper use of works or 
negligence. 
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Samples taken at Purification Plant. Business—Dyers. 


Parts per 100,000. 


















































fa eer ASat Suspended Dissolved Sree 
Solids. Solids. 4 hours’ test, 
1902. 
October 23rd_ - - - Final Effluent. 5 120°0 = 
November 6th - : - do. 2°8 2650 228°0 
1903. 
February 5th - . - - do. 16 264°0 — 
June 4th - . : . - - do. 6.4 188:0 mas 
1904. 
January 28th - - - - - do. 1°8 306-0 — 
May 19th - the a a a do. 15°4 196-0 _ 
September 22nd_~—- Ss - | Sample of discharge of 25640 720°0 640-0 
sludge owing to impro- 
per use of works or 
neglige” ce. 
EDWARD HALLIWELL, F.I.C. 
RIBBLE JOINT COMMITTEE. 
Samples taken at Purification Plant. Business—Brown Paper Works. 
Parts per 100,000. 
Sire Kee Suspended Dissolved Oxygen 
absorbed in 
Solids. Solids. Boar tose 
1903. 
January Gt fe - | Cruce Liquor to Tanks. 59°0 71:0 10:9 
January 9th - - - - - do. 11°0 63°0 50 
June 29th - : - - - Final Effluent. 6°8 60:0 -- 
September 24th =—s- - - - do. 6°8 76°0 — 
October 20th - : - - - do. 8:2 51:0 — 
December Ist - - - - . do. 10°6 79:0 - 
1904. 
January 22nd - - - : : do. 11°8 72°0 a 
March 22nd - - - - - do. 8-0 76:0 
March 9th - - - - - do. 16-0 81:0 8:08 
March 10th - - - ; : do, «133 75-0 7:92 
March 10th - -~ - - - | Sample of discharge of 1612°0 112°0 143°7 


sludge owing to impro- 
per use of works or 
negligence. 
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Samples taken at Purification Works. 


SEE 





Business—--White Paper Works. 























Parts per 100,000. 
| = i: 
as a ery Suspended Dissolved Oxygen 
absorbed in 
Solids. Solids. Lalcrwoukennt 
1903 
January 5th Crude Liquor to Tan's. 204:0 54°0 — 
July 8th-  - Final Effluent. 2°0 46°0 _ 
September 24th - -  - ~= - do. 10 47°0 — 
October 20th - do. 6 44:0 = ' 
December Ist - - - - do. 22 61°0 -- 
1904. 
January 22nd -~— - of do. Mis 560 — 
March 22nd_ - - - do. Bled 48-0 ae) 
1904. 3 
March 9th - - - - Samples of river water 6°5 29:0 071 
| taken below mill. 
March 10th” - do. 2-0 23°5 0:21 
March ltth - : - - - do. 1094°0 41:0 107°6 
Owing to improper use 
of works or negligence. - 











EDWARD HALLIWELL, F.I.C. 


Dr. Groner Re, called in; and Examined. 


20602. (Chairman. ) You are medical officer of health 
of the Staffordshire County Council ?—~Yes, sir, I am. 


20603. And in that capacity you have had very con- 
siderable experience of sewage treatment and sewage 
works, and we should be very pleased to have your 
opinion to-day upon certain specific matters. You 
are, I understand, to give us some evidence on the 
other matters at a later date. First, in regard to 
your experience as to the best tests for sewage effluents, 
would you be good enough to say what tests you use 
yourself and how far you find them reliable ?—I use 
the free and albuminoid ammonia tests, the oxygen 
absorbed in four hours at 80° F., the nitrate nitrogen, 
and I always estimate the solids in suspension and in 
solution, and the chlorine; also, we have in Stafford- 
shire a standard of opacity which is one I introduced 
some ten years ago. ‘Che standard is a disc at the bot- 
tom of a 2-foot cube with certain lines, fine cross lines. 
The tube is graduated into half inches, so that we are 
then able to put down a certain figure representing the 
opacity of the effluent for what it is worth. I believe 
that the same standard has been adopted in several 
other counties since we started it in Stafford. I in- 
tended to have brought this particular disc with me 
to have shown it, but I have forgotten to. 


20604. Do you find the test as to opacity of great 
value ?—Well, it is not of great value, but it is useful 
when you come to look at the figures some years hence, 
as it may throw some light on some rather extraordi- 
nary results. You may then by this opacity test be 
a to say, “Oh! but it was a horribly filthy-looking 
stuff. 

20605. An effluent might analyse very well, but where 
there was an opalescence it probably would tell against 
it?—It would im that case, and to that extent T 


would discard it. There are certain works, for example, 
that we get our regular clear effluents from, and if 
suddenly those works should begin to show an opaque 
effluent figure I should think there would be something 
wrong, simply from that fact only, apart from the other — 
figures, and probably it would be accounted for by 
something happening in the management that was 
wrong. It is not an important thing at all, but there 
it is; it is not easy to describe the appearance of an 
effluent, and it obviates the necessity for. describing it 
if you are able simply to use a figure. 

20006. Have you found your oxygen absorbed and 
albuminoid ammonia test to be generally sufficient 
and reliable ?—I think so. _ 


20607. Do you pay much attention to the incubator 
test 2—No, I have not done so. The reason for that is 
that in Staffordshire effluents are either bad or good ; 
that is the position at present. The modern works in 
Staffordshire are practically all good works, and it 
would be needless to go through the incubator test, 
because the effluents, on the face of it, could not putrefy 
—the amount of nitrates in them compared with the 
amount of organic nitrogen is such that they could 
not putrefy. 

20608. Have you used to any extent or at all the 
dissolved oxygen test ?—No, not at all. i 

20609. Should you consider that that test by itself 
might be sufficient for a good effluent?—I am afraid I 
should not like to say that it would be. 

20610. It is a matter to which you have not given 
any personal attention.?—No, I have not. 


20611. I am very. sorry that my colleague Sir Wil- 
liam Ramsay is not here to-day; probably he might 
have been glad on these technical points of the oppor- 
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tunity of putting some questions; in his’ absence I 
would ask Dr. McGowan if he would like to ask any 
questions bearing on this question of tests. 


20612. (Dr. McGowan.) I do not think I have much 
to add to what you have just said. In the summary of 
evidence, which you sent in, you say: “In judging of 
the quality of an effluent, various analytical figures have 
to be taken into account, and, as the significance of each 
is governed by the others, it would not be feasible to fix a 
definite individual minimum.” Here is the point I wanted 
to ask you about: “ Moreover, it would be misleading 
and erroneous to base a standard upon one figure, be- 
cause the limit within which that figure might vary in a 
good effluent is considerable, taking other figures into 
account ” ?—Yes. 


20615. I do not quite follow that sentence; it is a 
crucial sentence, and I do not quite gather what your 
view “is?—This is the point. Supposing you have a 
certain quantity of organic ammonia, say 0°08 of organic 
ammonia and a very small nitrate nitrogen figure, it 
Is quite possible that that would be a polluting effluent. 
On the other hand, you might have a larger amount 
than 01 of organic ammonia, and with that a high 
nitrate nitrogen figure, in which case it might not be a 
polluting effluent. That is my point with regard to 
that ; that is to say, you have a certain amount of avail- 
able oxygen in your effluent to be liberated and to carry 
on the work after the treatment is over, and that is, I 
think, one great difficulty in arriving at one figure as 
a basis for a standard. 


20614. (Chairman.) In any case what you are aim- 
ing at is to ascertain the putrescibility or otherwise of 
an effluent ?—That is so. 


20615. (Dr McGowan.) But you have given no at- 
tention whatever to the rate at which an effluent 
takes up dissolved oxygen ?—No, I have not, except I 
have formed a sort of impression, which impression 
has varied from time to time. J have never gone into 
the matter for the purpose of ascertaining that, 
but sometimes when samples have lain for some 
time in the laboratory I have come to the con- 
clusion that they had lost nitrates, as they had been 
very much better when analysed sooner; I have never 
done anything systematically in order to arrive at an 
answer to that question. : 


20616. (Chairman.) The next point I would like to 
ask your opinion upon is the desirability of having 
standards at all for sewage effluent, and if you have a 
standard, how far it would be desirable to modify it 
according to the circumstances of streams in certain 
zones ?—Yes ; well, I think that it would be desirable 
if possible to have a standard ; it would be a most con- 
venient thing to be able simply to say: “ You are not 
up to the standard, therefore you must do something 
more.” But the difficulty of arriving at a standard is 
so great in my opinion that I do not think it is prac- 
ticable to have an uniform standard. On the other 
hand, if some convenient method of arriving at a 
standard can chemically be laid down, and an accurate 
method devised, then I think it would be desirable to 
have a standard. But it should be made applicable to 
certain zones, as you say, and not to the country asa 
whole, because of the varying character of the districts, 
from the point of view of storm water, and the volume 
of the streams into which the effluents are to be dis- 
charged. east 


20617. Is there not another important point, namely, 
whether the waters of that stream are used for drink- 
ing purposes or not; ought not that to be taken into 
account ?—Well, I am afraid I do not agree with that 
suggestion, because I do not think that any sewage 
disposal authority could, by any known method, at 
any rate, discharge an effluent which would. be taken 
as satisfactory from the point of view of drinking 
water; and therefore it must involve further treat- 
ment of the water, and by laying down a standard from 
that point of view you would be asking the authority to 
deal with an enormous volume of fluid after it had 
been chemically purified—an enormous volume of fluid, 
one-sixth part of which, we will say, would have to be 
dealt with again from the point of view of drinking 
water by the drinking water authority lower down. 
It seems to me that the two authorities would in that 
case be doing the work seven times over, and when it 
was done you still have to consider the surplus storm 
water, which, I take it, you could not possibly deal 
with in that way. 
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20618. I gather when you speak of the standard being 
itself desirable it would be a chemical and not a 
bacteriological standard ?—Quite so. 


20619. You would not consider it necessary, there- 
fore, that even where sewage effluents are passing into 
streams that are used for water supply, authorities 
should be called upon, to any extent, to sterilise 
such effluents ?—Certainly not. 


20620. You think that the work of eliminating organ- 
isms shoald be the work of the water-supplying authori- 
ties and not of the sewage-disposal authorities ?—That 
is so; thoy have a much smaller quantity to handle: 
to begin with, very much smaller. 


20621. (Major-Gen. Carey.) What is your objection 
to sterilizing the effluent ?—Well, first of all, I think 
that the cost would be enormous, of many methods 
that we know at present, the cost would be enormous; 
secondly, I do not think it would be practicable to 
sterilise all the discharges from the sewers, and unless 
you sterilise all the discharges from the sewers you 
would be misleading the public to some extent, that is 
to say, there would be a danger of a false security 
being established which might be dangerous at times. 
If you are going to establish a system of sterilisation 
you must sterilise everything you discharge from your 
sewers; if you do not do that, then the danger is 
very considerable. 


20622: When you say everything you mean storm 
water in addition to sewage?—Yes. And apart from 
that, of course I do not know what form of sterilisation 
the Commission may have in view, but if it should be 
anything other than a mechanical sterilisation you 
would injure the stream in a sense, because you would 
not have the benefit of the purification which goes on 
afterwards if you turn a highly chemically purified 
effluent in; you get a great deal of the work done in 
the stream itself, but if you impose a certain condition 
with regard to sterilisation by certain methods you 
would then be turning in an inert fluid, in place of 
an active fluid with oxygen to do the work afterwards. 


20623. By mechanical sterilisation I take it you 
mean very fine filtration ?—Yes. 


20624. (Dr. Houston.) As regards that last point 
sterilisation might actually improve the effluent from 
the point of view of purificaticn. The last point that 
you raised was that you were frightened that if sterilisa- 
tion were adopted the liquid going in would not be so: 
pure ?7—Yes. 

20625. But it probably would be purer if you used 
ozone or sodium hypochloride ?—Yes. 

20626. The liquid going in would be absolutely 
purer ?—Except to this extert, you destroy the nitri- 
fying organisms. 

20627. That is a point that has to be considered, 
but, of course, those would’ be present in the river ?— 
Yes. 

20628. In some cases in rivers the waterworks au- 
thorities actually shut down the intake for waterworks. 
purposes during a storm, so that it might not be abso- 
lutely necessary to sterilise all the storm water ?—Yes. 

20629. That is the case, I believe, on the Thames: 
with some of the waterworks authorities; they close 
the intake during storms ?—Yes. 


20630. At least they say they do?—Yes, 


20631. Then as regards cost? Would you consider 
£1 per million gallons prohibitive; that is as an 
adjunct. to the rest of the treatment? You speak in 
your statement as if the Commission thought of steri- 
lising raw sewage ; I do not think the Commission have 
really considered the possibility of sterilising sewage ; 
it would be always an adjunct if it was thought of at 
all ?—Yes, quite so. . 

20632. So I do not think it need be considered 
except as an adjunct. Would you consider £1 per 
million gallons prohibitive ?—I should say certainly. 
To what extent would you go in regard to dilution of 
storm water—to six times? . 

20635. Well, of course that raises another point, 
and a very difficult point, I admit.—Yes, 
depends largely upon that. 

20634. As regards that storm water, you say ‘the 
intended benefit‘ would only be intermittently opera- 


tive; but it is rather the other way round, the storm _ 


water would only be occasional; I mean it is hardly 
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fair to put it that way ?—Well, I did not mean to put 
it unfairly. 

20635. Oh, I quite realise that. Of course the storm 
water is a very serious question?—If it cost £1 per 
million gallons it would cost Birmingham £130 a day. 


20639. But there again is Birmingham a likely in- 
stance; in cases like that would sterilisation be likely 
to be necessary? It is more in cases, we will say, like 
the Thames or the Lee ?—Yes. 


20637. Where the last sewage works are just above 
the intakes of the waterworks compawy. If you 
sterilised there you would have a decided advantage, 
would you not, or might have ? Well, I do not quite 
know that you would have, because the water com- 
pany could not by any possibility take that water to 
distribute it without further treatment. 


20638. Well, there would be double security, would 
there not?—And if you have to treat it at all I do 
not see that you gain much by reducing the organisms 
beforehand. Surely a water filter, if it is effective, 
will take out a sufficient quantity, and it does not 
matter whether the number of organisms in that 
quantity is very great or very little, as long as they 
have to take them out. 

20639. Yes, but then I fancy you would hold that 
filtration is only a relative safeguard; it 1s not an 
absolute safeguard ?—Quite so. 

20640. Whereas sterilisation is an absolute safe- 
guard ?—Yes ; sterilisation is an absolute safeguard. 


20641. In some cases there might be an economic 
advantage in sterilising the effluent and not the water, 
might there not? ‘Suppose you have a waterworks 
that do not filter; they do not find it necessary to 
filter their water; it is a pure river, a pure stream, 
and there is a small town just above the intake dis- 
charging an effluent into it. Surely in such a case it 
might be an economical advantage to sterilise the 
effluent and not the water ?—Then I think I would call 
upon the water authority to do it. 


20642. That involves another question ?—It does in- 
volve another question, but I think from the point of 
responsibility the water authority should do it. 


20643. But on that very point the Commission have 
more power, have they not, as regards sewage disposal 
than as regards water ?—Yes. 


20644. I mean they have not received much evidence 
from waterworks officials ?—No. 


20645. And it is not so distinctly under the terms 
of their reference as the disposal of sewage ?—No. 


20646. And they could bring pressure to bear in 
certain cases on sewage disposal when they may not as 
regards water supplies—they cannot set up a code of 
ethics for waterworks authorities ; that is a difficulty, 
is it not?—But the Commission might say this: Sup- 
pose the Commission come to the conclusion that in 
certain cases it is desirable to sterilise, they might 
express the opinion that in the opinion of the Com- 
mission it is the water authorities’ duty, and not the 
sewage disposal authorities’ duty, to do it. Other- 
wise, by reason of the accident of having lower down 
stream an authority taking water from that stream, 
you would be imposing a large expenditure on a 
sewage disposal authority, not because of any fault of 
theirs, but simply because they used the natural out- 
let for their effluents and the accidental circumstance 
comes in that there is a water company down below ; 
so it is the water company in all cases who should do 
the work, not only from the point of view of payment, 
but from the point of view of having the responsibility 
placed upon. them, because I do not think it would be 
right that the public should be at the mercy of a 
sewage disposal authority for the water that they 
drink ; the water authority alone should be held re- 
sponsible. ; 


20647. (Chairman.) Then, proceeding, Dr. Reid, we 
would like very much to hear your opinion as to the 
extent to which storm waters should and can practi- 
cally be treated ?—Well, I do not think that the re- 
quirements of the Local Government Board are exces- 
sive in that respect; I think they are reasonable, 
in fact. I do not think an authority ought to be ex- 
pected to go beyond that quantity. At the same time, 
there are local conditions which make it desirable to 
have provisos. For example, although six times the 
dry weather flow spread out over the 24 hours may 
be the amount, the works in certain cases should be 
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so arranged that the first flush of a storm may not go 
into a stream even when that amount of dilution is 
reached. This involves the question of storage, 
and I think that in some cases it is_ desirable 
to have storage tanks for the first flush from the sewers ; 
that is to say, even if it should be considerably beyond 
six times the dry weather flow for a certain period, 
and that after that period what comes down may go 
into the river, while the other is held back for treat- 
ment at the leisure of the authority. 


20648. Would not that storage be rather a serious 
business; how many hours’ flow would you suggest 
should be stored ?—Well, it would not be many hours ; 
it would be a comparatively small period in most cases. 
It is the first fiush that comes from the sewer, parti- 
cularly after a dry period, which is very foul, and if 
the sewers are on a steep gradient—I have a case in 
mind at the present moment in North Staffordshire, 
of a district called Tunstall—I do not know whether 
the Commissioners happen to know that district—but 
if you stand on the works and a little rain happens to 
come, an ordinary shower of rain, in the course of half 
an hour the overflow at the works is discharging 
straight into the stream and discharging very offensive 
sewage. Then, in a very short time, comparatively, 
the quality of that sewage improves very much, so that 
then it might go into the stream. They ought not to be 
allowed to turn anything over under six times the dry 
weather flow; but they ought to have the power of 
allowing more than that to go into a special tank. Of 
course, 1t is very difficult to say what storage should be 
provided—most difficult; so long as a tank is avail- 
able and always empty it would be something gained, 
and the size might be regulated by local circumstances. 
Under the circumstances, I do not think you could lay 
down a strict rule with regard to the tank capacity; 
but you could, considering the contour of the district, 
and so on, probably arrive at a reasonable size for 
this tank, and granting that it is kept empty during 
dry weather and available for storm water, then when 
it is full the rest can go direct to stream after six times 
dilution. I think that is the only way by which you 
could arrive at a figure with regard to the volume to 
be so dealt with. 


20649. As to the composition of storm waters, have 
you given that matter any attention? —No, I have 
not; not as to what extent it is affected by solids in 
suspension, 


20650. Evidently the effect of the rain would not have 
increased the yroduction of domestic sewage or trade 
effluents ?—No; but it flushes down a large amount of 
deposit from the sewers of a very foul character. 


20651. So that the foul condition of sewers, the ac- 
cumulation in the sewers themselves, the gullies, and 
the washing down of roads, roofs, and so on ?—Yes. 


20652. And would be mainly suspended matter ?— 
Yes; probably it is mainly that. 


20653. Have you formed any opinion as to the suffi- 
ciency of settling suspended matters in storm waters? 
No; I have not. 


20654. It might be interesting, if you are able to 
make any observations in your district. by separating 
out the suspended matters by filtration through paper 
and gauging the amount of dissolved impurities P—Yes ; 
I could very easily do that. 


20655. It would be interesting?—Except that one 
does not multiply those things: but I should be very 
pleased to do that. With regard to forming an opinion 
as to the capacity, one can judge very fairly of what 
happens in a detritus tank. In some cases you have a 
detritus tank upon a larger capacity per volume of 
sewage than in others, and you get a very large amount 
of suspended matter held back by the detritus tank. 
To duplicate the detritus tank and increase its size 
considerably would be a very fair safeguard in a case of 
sudden storms, because you would get a large amount 
of solids which go into the stream now in a tank even 
of that size, though, of course, it would have to be very 
much larger to be of any real service. It need not be 
anything like a day’s flow, for example. You would 
get from a comparatively small tank very good results, 
in my opinion, from the point of view of the stream. 


20656. Then you do not think, do you, that it is 
preferable to call upon local authorities to deal with 
more than six volumes; but you tuink it is practicable 
to call upon them to deal with six?—Yes; I think so, 
spread over the twenty-four hours, And then, of course, 
you would have to have conditions with regard to short’ 
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periods of more than that being held back in certain 
districts for subsequent treatment. 


20657. How do you mean spread over twenty-four 
hours ?7—That is to say, the mean daily flow. 


20658. You would require that their sewers should be 
capable of bringiug six times the average dry weather 
flow to the works ?—Yes; to the works. 


20659. And that such volumes should be dealt with 
at the works; possibly not in the same way as the dry 
weather flow, but should be dealt with, at all events, 
to the extent of settling suspended matter ?—Yes, 


20660. In other words, you think that by this pro- 
visional requirement the Local Government Board have 
‘just ?—Happened to hit off the quantity. 


20661. Hit off what is practicable ?—I think so. 
20662. If not, what is wholly desirable ?—I think so. 


20663. Does any authority in your district in fact 
do this?—I shall just have to think for a moment. 
Oh, yes, we have several authorities doing that, but 
most of the authorities who do that now have artificial 
means of disposal up to three times, and then they 
have land for discharging the storm sewage on to, and 
where land is available I think that is a very excel- 
lent way of dealing with it. 


20664. Then, however, it is dealt with;, certain 
authorities in your district do in fact deal with six 
times ?—Yes. 


20665. And you gather, therefore, that it is practi- 
cable to deal with it ?—-Now, for instance, at the Bir- 
mingham works; what they are endeavouring to 
arrive at is artificial filters for the dry weather flow, 
retaining some 1,400 acres of land practically almost 
for storm water only. 


20666. What is proposed at Hanley in regard to 
‘storm water ?—They propose to have some storm filters 
at Hanley. 


20667. But I mean as regards the volume to be 
dealt with ?—They have nine acres. 


20668. How many volumes of the dry water flow ?— 
Six times; it is the same as the Local Government 
Board requires. 


20669. Judging from that and what has been done 
by other authorities, you give us your opinion that 
it is practicable for authorities to do this ?—Authori- 
ties can do this at a cost of about £1 to 25s. per head 
of the population for works; that is what I think is 
about the average price. 


20670. Is there any point in connection with storm 
waters that you would like to mention to us upon which 
I have not asked you questions ?—TI should lke to call 
your attention to the figures; in the table I have 
given you, “ Rainfall as affecting the condition of cer- 
tain streams in Staffordshire,” they are of different 
character. For instance, the Fowlea brook is a stream 
which is of small volume, you will notice, and on 
that stream there is a very large population. Now the 
result of storm water in that case, from these figures, 
appears to be that it never reaches the stage at which 
dilution begins to purify again. If you notice taking 
the organic ammonia figure -13 when the rain is under 
one-tenth inch; 1°5 when it is over one-tenth and 
under one-fourth inch ; @ when it is over one-fourth— 
the day before, that is. (The table referred to is 
printed at the end of Dr. Reid’s evidence.) 

20671. That does not mean that when the rainfall is 
in quantity, but the stream is very much larger in 
quantity than when there was only one-tenth ?—_Oh, 
yes, it means that very much so; it is not only larger 
in quantity, but the stream is very much larger in 
volume, so the amount of impurity which is added to 
that stream is enormous. — 

20672. I see; this is not a gauging of effluent from 
works, but the condition of the stream itself ?—The 
condition of the stream itself. 

20673. And that is so throughout the table ?—That 
is so throughout the table, yes. That is with regard 
to Fowlea brook. Then if you take the Lyme brook. 
The Lyme brook is a comparatively small stream, 
but it rises in a rural district, and there is a con- 
siderable rural as well as urban area draining to it, 
the result of that is that you get the impurity in- 
creased up to the quarter inch, but it begins to right 
itself again when you exceed the quarter inch. That 
is owing to surface, comparatively pure water going 
in. Now then take the Trent at Hanford, which may 
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be said to be the sum of the other two streams practi- 
cally plus the Trent. It is a small stream at that 
point, and the same thing takes place there again. 
After Hanley and all the big towns have gone in you 
get an impurity in the stream when the rainfall is 
under one-tenth of an inch—'09, it rises to 0°17, with 
quarter of an inch, and then begins to fall again when 
the dilution exceeds the quarter inch. But take the 
Tame at Tamworth, which is about the worst instance 
of pollution, I think, that you could have in the 
country. Here the volume of the stream and the volume 
of the sewage entering it are about equal, and we have 
an impurity figure of 01 with under one-tenth of an 
inch rainfall, and the same up to one-guarter inch. 
As, however, the rain records in this case are not very 
numerous we must not draw too hard and fast con- 
clusions from them, but if you notice the next figure, 
0°19, there is a very great increase, and that is 20 miles 
below the outfall. 


20674. That means that a great deal of untreated 
sewage passes by the storm overflows to the stream ?— 
Yes. Then this stream has been diluted by other feed- 
ing streams going into it, so if we take the same streams 
higher up in the supplementary table below, that is 
immediately below the Birmingham works, immediately 
below where the sewage of rearly one million people 
goes into it, the impurity figure there when the rain- 
fall is under one-fourth 0-18, and it rises up to 0°32, a 
most horrible condition of things, worse than many 
sewages when the storm overflows come into play. On 
the other hand, the Churnet is a pure stream, com- 
paratively, and the normal conditions there are 0°019 
organic ammonia, and by inflow from agricultural land 
the figure is raised to 0:03, and it appears to be main- 
tained at 0°03, no matter how much the rainfall in- 
creases, so that you might look upon that as the norma] 
increase of impurity from agricultural land in an 
ordinary district. 


20675. And the table goes to show that it is in the 
abstract very desirable to treat as much storm water 
as possible ?—Yes; and I think in the case of Bir- 
mingham the reason for this enormous impurity is the 
character of the sewers. They are old’ sewers; they 
are largely sewers of deposit, and are practically 


cesspools being periodically emptied, when the 
rainfall comes, and the remedy, of course, for 
that is very largely resewering Birmingham But 


after that they will have to come to a determination 
as to how much storny water they will deal with. 
There are many other points in connection with. these 
figures, and there are other ‘points taking further 
figures than the organic ammonia, bui as it was I took 
three full days to work out these figures with two 
clerks at work upon them from my records. I could 
not therefore give any further figure than the organic 
ammonia, but all the figures are available. In these 
records—not only these but thousands of others—the 
full analysis has been made; they are all recorded and 
available for any inquiry the Commission may make. 


20676. No doubt the organic ammonia would be a 
very good measure of the impurity of the stream ?— 
The best single measure. 


20677. We are very much obliged to you for coming 
over to give your most valuable evidence ?—May I just 
mention there is a question with regard to the presence 
of weirs on streams. It has a very important bearing 
upon the question of storm water. In flat districts, 
and very often throughout Staffordshire, there are 
weirs—old weirs—and the result of that is that the 
rivers, flat in any case, are back pounded, and we get 
an enormous collection of sludge forming behind the 
weirs. The result, of course, of that is that when a little 
rainfall comes it is all washed down—not all, but a 
large portion is washed down, and of course the scour- 
ing capacity of the streams are diminished. Now, no 
central authority has power at the present moment 
to remove weirs from streams. Local authorities can 
get the power, but then if they do so, they are 
benefiting an area outside their own area in many 
cases, so that I think there ought to be some central 
authority who should have the power of purchasing 
mill rights for the purpose of abolishing weirs. We 
have had several abolished already with very excellent 
results, and such powers would get over a considerable 
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difficulty in our county where the streams are so very © 


small. The Trent rises in Staffordshire by mere 
trickles, and immediately it forms a little bit of a 
stream all these vast populations turn their sewage 
into it, so that we have a very difficult problem in 
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Staffordshire, and it is complicated by the existence of 
a great many weirs. 

20678. Then you have, in fact, many derelict weirs? 
—Yes; well, we have not many, but we have several, 
and they are on the main streams; consequently, the 
position is serious. 

20679. (Secretary.) When you say the central autho- 
rity should have power to buy them you mean the 
county authority ?—The county authority. 

20680. Not a Government authority? —No, the 
county authority, with power to rate the area benefited. 

20681-2. A Rivers Board, if iziere was one, or a County 
Council, if there was not one.—To rate the authorities 
whose districts are to benefit by this. 

20683. (Dr. Houston.) I have been reading this table 
with great interest. I gather that, as a rule, the water 
during storms in these rivers is more impure per unit 
of volume, although it is of much greater volume ?—Yes. 

20684. Have you formed any idea how you could set 
the one against the other, the increase of total volume 
against the increase of impurity per unit of volume, so 
far as contaminating liquids going in are concerned? 
You see what I mean, do you not?—That is to say, to 
gauge the quantity going in. 

20685. Yes, because it is commonly asserted that 
during the flood time it is quite proper to discharge 
impure effluents into streams ?—Yes. 

20686. I do not think we have had much evidence on 
that point?—I have done that in connection with an 
inquiry in my district, and I had all the streams gauged 


for a certain number of months; accurately gauged 
by fixed weirs, as nearly accurate as possible; and 
having got a record of the actual flow of each tributary 
then I was able to attach the responsibility for im- 
purity to certain localities. That is to say, the im- 


_ purity figure of a certain stream would be a very high 


one, but the flow of that stream was a very low one. 
On the other hand, another stream coming in, the 
impurity figure might be a lower one, but the volume 
of flow was considerably higher. Therefore, the injury 
was greater; so, taking all these from the top points, 
and then taking the lower figure when they have all 
gone in, I have built up a table—at least, a diagram— 
showing the actual building up of the total impurity 
at the bottom, based upon the figures that you have just" 
mentioned. I think that is what you mean, is it not? 


20687. Yes ; quite ?—I have done that with regard to 
practically the whole of South Staffordshire. That 
was practically after an inquiry of two years’ duration, 
and in consequence of the evidence certain authorities 
have spent some £500,000 in works, and are going to 
spend about the same sum more, T think. ‘ 

20688. Might I venture to ask you to ask Dr. Reid 
if he could let us have these figures; they are very 
interesting. 

20689. (Chairman.) Would it be possible for you to 
give us those?—Well, there are reasons, which the 
Commission will appreciate, for not making the records 
public, but no doubt I could collate them in a manner 
which would answer the purpose, without going into 
detail, regarding the authorities interested, and I shall 
be pleased to do so. 
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SEVENTY-SECOND DAY. 


Tuesday, May 9th, 1905. 





PRESENT : 


The Right Honourable Earn or IppusiercH (Chair- 
man) presiding. 

Major-General ConstanTINe Puipps CaARbrY, C.B., R.E. 

Colonel T. W. HaArpING, J.P., D.tn 


Sir WILLIAM RAMSAY, K.C.B., F.B.S. 
Mr. W. H. Powenr, C.B., F.B.8. 
Mr. T. J. STAFFORD, F.B.C.8.1. 
and Mr. F. J. Wizzis (Secretary). 


ALSO PRESENT : 


Dr. A. C. Houston. 
Dr. George McGowan. 


| Mr. G. B. Kerspaw. 
| Mr. 


C. C. Frys. 





Mr. G. H PIcKiEs, a.M.1.c.E.. Borough Engineer of Burnley, and Mr. Raymonp Ross, F..¢., F.¢.8. Public 
Analyst, called in; and Examined. ‘ 


20690. (Chairman.) You are Mr. Pickles, Associate 
Member of the Institute of Civil Engineers and Borough 
Engineer of Burnley P—(Mr. Pickles.) Yes. 


20091. And you are Mr. Raymond Ross, Fellow of 
the Institute of Chemistry, and Fellow of the Chemical 
Society, and Public Analyst of Burnley ?—(Mr. Ross.) 
Yes. 


20692. The evidence which is to be given by both of 


9 May 1905, you relates more particularly to your experience in the 


treatment of sewage at the Burnley Corporation sewage 
works ?—Yes. 


20695. What is the population draining to the Burn- 
ley works ?—There are two outfalls, one for the Wood 
End and Duck-Pits area, the other for the Altham area. 
Our evidence is with regard to the Wood End and Duck- 
Pits works. The total population draining to these 
works is 82,000. 


20694. What is the system of drainage, that is to 
say, is the storm water either wholly or partially 
drained into a separate system, and if only partially, to 
what extent ?—The area of the watershed is 2,800 acres, 
of which 1,012 acres are built upon. Of these 1,012 
acres, 544 are sewered, the storm water being discharged 
into the sewer. The remaining 468 acres are provided 
with a system of surface water drainage in addition to 
the sewers. 





20685. Is there any infiltration of subsoil water inte 
the sewers ?—Practically none. 


20696. What is the water supply per head, and from 
what source does it come ?—The water consumption fer 
domestic purposes is 21.27 gallons per head, and for 
manufacturing purposes, 3.90 gallons per head ; total, 
25.17 gallons per head. The water is obtained from a 
moorland gathering ground, augmented by springs. 
The water is impounded in reservoirs. 


20697. Is it hard or soft water?—The water is very 
soft. The hardest of the supplies is as follows: tem- 
porary hardness, 5.0 parts per 100,000; permanent 
jardness, 3.0 parts per 100,000. : 


20698. What is the drainage area of the part of the 
town which is sewered ?—1,012 acres. 


20699. What proportion of the population use pail 
closets or middens and what proportion use water- 
closets ?—97 per cent. use clean water or waste-water 
closets ; 5 per cent. use tank or pail closets. 


10700. Has the flow of sewage to your works been 
gauged? If so, what is the average number of gallons 
delivered at the works per day of 24 hours in dry 
weather in winter and in summer ?—It has been found 
impossible to gauge the flow of sewage continually by 


means of an automatic recording gauge, as the levels 
would not permit of this being fixed satisfactorily. 
The flow of sewage has, however, on various occasions 
been calculated from the depth and velocity in the brick 
conduits. The results were as follows:—Dry weather 
flow: Winter, 2,500,000 gallons; summer, 2,000,000 


gallons. 


20701. What is the maximum dry weather rate of 
flow, and at what hour dces this occur ?—At the rate of 
4,520,000 gallons per 24 hours between the hours of 12 
and 2 and 3 and 5 p.m. 


20702. What is the minimum dry weather rate of 
flow, and at what hour does this occur?—750,000 
gallons per 24 hours between 2 and 4 a.m. 


20703. What is the maximum wet weather rate of 
flow which you have observed coming to the works, and 
during how many hours has this continued ?—About 
9,000,000 gallons per 24 hours. ‘This rate of flow has 
been known to continue for more than 24 hours. 


20704. What storm overflows have you on your 
sewers, and at what rate or rates of flow do they come 
into operation ?—There are 36 storm overflows on our 
system of sewers. Of these only three are on the main 
outfall sewer. The others discharge into streams at 
different parts of the town, and there are considerable 
variations in the number of dilutions at which they 
come into operation. Most of these are, however, con- 
nected with the smaller sewers, and it is intended to do 
away with them gradually as the sewerage system is 
amended. The maximum and minimum rates of flow 
on the various ‘branch sewers have not been deter- 
mined. 


20705. What is the largest number of gallons ot 
sewage which has passed the last storm overflow and 
come to your works in 24 hours ?—9,000,000 gallons. 


20706. Can you say what is the volume of water in 
gallons represented by the average yearly rainfall on the 
drainage area?—Yes ; it, is 2,541,500,000 gallons per 
year =6,963,014 gallons per day. 


20707. Can you give the Commission an approximate 
statement as to the volume of sewage which comes to 
your works during the year, and the volume which 
passes over your storm overflows ?—The volume which 
comes to the works is approximately 2,000,000,000 
gallons. We are unable to make an estimate as to the 
volume which passes over the storm overflows. 


20708. How many gallons of trade effluent enter the 
sewers daily (24 hours), and what is the nature of these 
effluents? If you have analytical figures, please give 
them ?—The principal trade effluents going to the Duck- 
pits works consist of : 


' ROYAL COMMISSION ON SEWAGE DISPOSAL. 


Dye effluents - : : - - - 
Tanne - : - - - - 
Gasworks - - - : - - - 
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4,000 gallons per day. 


6,000 Z ” "for 8 months of year. 
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The Analyses of these Effluents are as follows :— 








Organic Matter. Mineral Matter. 








Tannery effluent : 
Suspended matter - : 
Solids in solution - : : 3 , $ 
Total solids. - : £ 2 
Tannery effluent : 
Suspended matter - - E 
Solids in solution - 
Total solids - < : . ’ £ 
Dye and cleaning effluent : 
Suspended matter - 
Solids in solution - : E é 2 
Total solids - - 
Dye and cleaning effluent : 
Suspended matter - : 5 ; : u 
Solids in solution - 


Total solids - 2 z z , 2 ms P 

















308-0 16-0 
206-0 50-0 
580-0 
43-2 36'8 
26-8 57-2 
164-0 
36-0 21°6 
54-0 62:0 
pS Sh Se eee 
173-6 
53-0 53-0 
320-0 868-0 
1294 0 











20709. Has your authority framed any rules as to the 
reception of trade effluents into sewers /—When connec- 
tions are made to the sewers the Corporation do not 
permit trade efiluent to be discharged, except by special 
arrangement, 


20710. Do you find trade effluents interfere with the 
process of purification by reason of their quality, varia- 
tions in composition, fluctuations of volume or other- 
wise? If so, would you kindly tell us what your diffi- 
culties are?—The only trouble we have had with trade 
effluents has been. at the Altham Works, where the dry 
weather flow is only 550,000 gallons per day, and where 
250,000 gallons of very concentrated dye effluent are 
often discharged per week. This effluent has for a con- 
siderable number of years been held up in one or two 
tanks (each having a capacity of 100,000 gallons) and 

‘run off as each tank was filled. During dry weather 
trouble was often caused by the excessive amount of 
dye effluent delivered at the works during a short period 
of time. The oxygen absorption figure in the final 
effluent was very greatly increased. Recently the 


effluent has been run through both the afore-mentioned 
tanks (as sedimentation tanks), thus arresting large 
quantities of gelatinous material, and the effluent has 
continuously run into the sewers. Since this alteration 
has been in vogue no trouble has been experienced in 
obtaining efficient purification. 

20711. In dry weather what is the average amount of 
suspended matter in the sewage, and what are the 
highest and lowest figures, in parts per 100,000 ?—The 
average amount of suspended matter in dry weather is 
119; the maximum is 186, and the minimum 83 parts 
per 100,000. 


20712. What is the physical character of these solids ? 
—On wet sample: Moisture, 79°31 per cent. ; organic 
matter, 16°14 per cent. ; mineral matter, 4:55 per cent. 
On dry sample: Organic matter, 78 per cent. ; mineral 
matter, 22 per cent. 


20713. Can you give us average analyses of the sew- 
age for the years 1905 and 1904 in summer and in 
winter ?—Yes ; the average analyses are as follows :— 








1903 Summer - . - 
» Winter 


1904 Summer 
Winter” - - - - : - 


3? 





20714. Is it a “strong” sewage, and, if so, what 
characterises its strength?—The sewage is a strong 
domestic sewage with high albuminoid nitrogen and 
oxygen absorbed figures. This is largely due to the 
great number cof waste-water closets in use in the 
Borough. 


20715. Does its strength vary very much from hour 
to hour or on different days of the week, and, if so, do 
these variations affect the quality of your final efiluent 
to a marked degree ?—It is subject to considerable varia- 
tions in strength, but the tank accommodation is so 
large that these variations do not affect the quality of 


\ 


Alunnaeid 


| 
| Free ‘hlort | Oxygen 
Amnionia, | Ammonia. Chlorine. Absorbed. 

2°733 “889 Les 7°907 
2°62 “659 9°3 8°408 

) Syoo 1-230 | ices 10°466 

| 

i> 9774s 1114 11-4 | 13-167 











—+ 


our final effluents to any marked degree. The question 
is answered on the assumption that it refers to a normal 
weather flow. 


20716. How do you think “strength” of sewage as 
affecting purification is best expressed or measured ?— 
By a full analysis, including the amounts of free and 
organic nitrogen, suspended matter (organic and in- 
organic), dissolved solids (organic and inorganic), cellu- 
lose, and grease; the three minutes oxygen test as an 
indication of trade effluents; germicides. 


20717. Have you any information as to the bacterio- 
logical condition of the sewage in dry weather and in 
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storm times?—Only as regards the total number of 
bacteria present. These vary from about 24 millions 
per c.c, in dry weather flow to as low as four millions 
per c.c. during continuous wet weather. 


20718. Arethere any chemical poisons in the sewage? 
—There are no chemical poisons in our sewage. 

20719. Is the sewage always alkaline?—Yes, except 
when considerable quantities of dye effluent are being 
delivered at the works. 

20720. Do you find that the amounts of suspended 
solids are increased or diminished ini times of storm ; 
and can you give the Commission the figures at the end 
of each hour during a storm of some hours’ duration ?— 
The amount of suspended matter is first increased and 
afterwards diminishes rapidly. The following figures 
were obtained during a storm of four hours’ duration, 
the samples being taken between the hours of 1 a.m. 
and 5 a.m. :— 





Average sample dur.ng Suspended matter. 





Ist hour 24'8 
ond 3, 80-0 
Byeal xy 25°6 
Athenee. 56 





20721. How many years ago were your sewers laid, 
and do you know whether they have sunk much in 
places so as to allow solids to accumulate ?—The present 
main outfall sewer was constructed in 18735, but a great 
proportion of the sewerage of the Borough has been 
dealt with since that date, and it is being added to each 
year. There are no sunk places in the sewers. 

20722. What is the character of the liquid partof the 
sewage in storm times? Perhaps you could illustrate 
this by analyses of the liquid portion in dry weather 
and in storm times?—Its character is shown by the 
following analyses :— 


DURING STORM TIME. 
7) fl 








Crude sewage 
after filtration 


Crude sewage. 
through paper. 








Free ammonia - - | 1-200 1-200 
Albuminoid ammonia - 640 0°320 
Oxygen absorbed in 4 

hours at 27°C. - - 10°784 6°708 
Total solids - - - 116°0 768 








DurRiInNG Dry WEATHER. 





Crude sewage 
after filtration 


Crude Sewage. 
through paper. 








Free ammonia - - 4°500 
Albuminoid ammonia 1-760 960 
Oxygen absorbed 4 

hours - - - . 21-000 9°750 
Total solids — - - 218°4 98-0 





20723. In what way or ways do you think the sewage 
which comes to the works should be dealt with in storm 
times? Perhaps I should amplify this question a little. 
The usual requirements of the Local Government Board 
are, I understand, that any increase in flow up to three 
times the normal dry weather rate should be fully dealt 
with by the ordinary complete plant, and that a certain 
number of additional dilutions—up to a total of six— 
should be treated on special storm filters. Do you 
think these are proper requirements, or do you think 
they should be modified in any way? It is, I believe, 


MINUTES OF EVIDENCE: 


often found that the storm sewage which first comes 
down: to the works contains a largely-increased amount 
of suspended solids, and I should like to know whether 
you consider that your ordinary (dry weather) plant is 
exposed to damage in any way—as, ¢.g., rapid choking 
—by having to deal with this amount of storm sewage, 
and whether you think it would {be better to adopt 
some other treatment. Although the storm sewage, in-. 
cluding the suspended solids, is a very polluting liquid, 
possibly the liquid portion alone is uot very polluting, 
and this sugzests that settlement of all the sewage arriv- 
ing at the works in time of storms in tanks for a few 
hours, after, possibly, the addition of chemicals, might 
perhaps be a better plan of treatment than passing a 
portion of it through the ordinary plant, and the 
balance through storm filters. Would such settlement 
alone be sufficient for the whole of the sewage arriving 
at the works in times of storm ?—We think that the 
regulations of the Local Government Board might with 
advantage be modified 10 some extent. We quite agree 
that three times the dry weather flow should be purified 
on contact beds after passing through the septic tanks. 
During times of storm, when the flow is greatly in- 
creased above this amount, in our opinion it would be 
better to continue to run through the septic tanks till 
the streets had been thoroughly washed and the pol- 
luted storm water had arrived at the works, after which 
the remaining portion of the diluted sewage should be 
passed through detritus tanks and treated on storm 
beds. A flow equal to the normal dry weather flow 
should be run during this period through the tanks to 
prevent the possibility of over-septicism. As we do not 
advocate, partly on the ground of expense, a tank 
accommodation greater than 24 hours’ dry weather flow, 
to run more than three times the dry weather flow 
through the tanks for any time would cause a great in- 
crease in the amount of suspended solids of the tank 
effluent, to the detriment of the contact beds. A 
method we have found very advantageous in dealing 
with moderate amounts of storm water is to hold up tne 
storm water on land areas to the depth of about one 
foot. These areas are in a sequence of three or four, 
and the settled effluent from the last area is run over a 
scum board into a storm bed, where it is held in contact 
for about two hours. When necessary these storm beds 
can be filled as often as four times a day. 

20724. What shape and size are your storm over- 
flows?—In most cases the storm overflows have fixed 
sills, but in some instances leap weirs have been 
adopted. The sizes of the overflows are such that the 
sewers are prevented from being put under pressure 
during storm times. 

20725. Would it be possible to have a standar1 form 
of overflow; and how would you fix the point at which 
overflows should be allowed to come into operation ?— 
We think that overflows should have fixed sills, but in 
some cases we think it would be advisable to adopt 
leap weirs, the sills of the leaps being immovable and 
fixed according to circumstances. 


20726. Do you think that the point at which storm 
overflows should come into operation should depend on 
the configuration of the land, and upon the character of 
the surface soil geologically ?—We do not think that it 
is necessary to consider the configuration of the land if 
the storm overflows are fixed at six dilutions, because 
whether the land be hilly or flat, the street washings 
would be delivered at the works before the flow in the 
sewer reached the six dilutions. The same remarks 
apply to the surface of the soil geologically. 


20727. Should storm overflows be fixed or movable ?— 
We prefer that the sills of the storm overflows should 
be fixed, but that they should be capable of being raised 
should an increase in the dry weather flow necessitate 
the same. 

20728. Do you think the number of dilutions at which 
storm sewage may properly be allowed to pass into the 
stream should be dependent upon the size and nature 
of the stream into which the storm sewage would pass? 
Is it possible, for example, that in some circumstances 
no injury to the stream would be caused by allowing 
overflows to come into operation when the increased 
flow was slight, while in others this would not be the 
case 2—We think that in fixing the number of dilutions 
at which storm sewage may be passed into the stream, 
the size and nature of the stream should be considered 
specially with reference to the rate of increase in the 
volume of the stream and its velocity during storm 
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times. It is possible, under certain conditions, where 
the volume of the stream is very great in proportion to 
that of the sewage, that once the road washings have 
been disposed of the whole volume of the storm sewage 
ee be discharged into the stream without detriment 
oO it. 


20729. If your town is drained’ on the separate system, 
what happens to the road water?—The surface water 
which falls on the front streets and front parts of the 
houses is drained into the surface water drains which 
discharge into the stream or the canal at convenient 
points. Thas falling on the back streets and the rear 
portions of the houses is drained into the sewers ; the 
portions thus dealt with are practically equal in area. 


20730. Could you give us an analysis of a typical 
sample of your road watei during the early period of a 
storm /—Yes ; the analysis gives :— 


Free ammonia — - - - ‘800 
Alb, ammonia - "200 
Chlorine - . - : - - .40 
Oxygen absorbed - - - - - 5300 
Total solids - - - -. 71:2 
Containing suspended matter © 44:0 


20751. Have you any information as to the bacterio- 
logical condition of the road water ?—The above sample 
contained about 800,000 bacteria per C.C., as shown by 
gelatine plate cultivation at 20° C. 


20752. Do you consider that in certain circumstances 
this liquid should be purified ?—We think it desirable 
that when possible the first portions of the storm water 
should be purified, unless the size and volume of the 
river is such as to render it unnecessary. 


20733. What are your views as to the comparative 
cost and advantages of the separate and combined sys- 
tems of sewers? Initial outlay as-well as annual cost 
should be borne in mind ?—Irrespective of the question 
of cost, but from a sanitary point of view, we consider 
that it is necessary that some portion of the rain water 
should be discharged into the sewers. If the sewers are 
made sufficiently large to take all the rain water in 
addition to the normal quantity of sewage, the scouring 
action during dry weather would be quite insufiicient. 
Further, in hilly districts, where the streets are paved, 
the surface water collects so rapidly that flooding would 
ensue in the lower parts of the town unless the drains 
were abnormally large. As regards the question of 
cost, in our case, a partially separate system has cost 
about one-fifth more than if we had constructed a com- 
bined system alone. This cost would, of course, vary 
with the system of drainage adopted. The annual cost 
of maintenance of surface drains is very small compared 
with that of the sewerage system. In our case the sur- 
face water drains discharge at numerous convenient 
points into the rivers. The fact that the first washings 


of the streets discharge into the streams is of course a 


’ disadvantage, but in.a hilly district. like ours the in- 
crease in the volume of the stream is so rapid that no 
nuisance is observable. From these considerations we 
are of opinion that in most circumstances a partially 
separate system of sewers is desirable. 


20734. Have you had experience of the chemical pre- 
cipitation of sewage?—From 1893 to 1899 chemical pre- 
cipitation was adopted, the precipitants being lime and 
copperas. In 1900 the tanks were converted to the 
septic system, which has been continued ever since. 


20735. Have you any reason to think that sewage 
from which the solids have been removed by the aid of 
chemicals is less easily purified by subsequent filtration 
than sewage from which the solids have been removed 
by settlement or by ‘passage through septic tanks ?— 
When sewage precipitated by lime and copperas was 
treated on contact beds we obtained fairly good results, 
but we think that better results were obtained by doing 
away with precipitants and using septic tanks effluents. 


20736. Have you tried various chemicals; and can 
you give any comparative data on the practical value 
and cost of different precipitants*—Our experience 
with chemicals other than lime and copperas has been 
too slight to be of any value. 


20737. What was the average analysis of the liquor 
from your precipitation tanks? What length of time 


dD 


did the sewage remain in the tanks 1—The average of 
four months’ analyses is as follows :— 
Albuminoid Ammonia - - - - - 0°972 
Oxygen absorbed in 4 hours at 27° C. - 7714 


There was about a 12 hours’ dry weather flow through 
the tanks. 


20738. Did you find it necessary to add further 
chemicals to the sludge before it could be dealt with ?7— 
It was found necessary to add a certain quantity of 
milk of lime. 


20739. What was the manurial value of the sludge 
obtained by the chemical precipitation of sewage, and 
would farmers take it?—The manurial value was prin- 
cipally due to the amount of lime present. It came 
out at a valuation of about 1s. 2d. per ton for the 
pressed cake. There was a fair demand for this manure, 
which was sold at 10d. per ton. 


20740. Did it contain any chemical poisons ?—No. 


20740*. Did you find any nuisance from the treat- 
ment of sewage in chemical precipitation tanks? Were 
any complaints made ?—No nuisance was caused and no 
complaints were made. 


20741. As regards septic tanks, what shape. should 
they be !—We have found the rectangular shaped tanks 
80 ft. by 46 ft. by 6ft. 6in. deep convenient in shape 
and size for our flow of sewage. ; : 


20742. Should they be divided into sections ?—We do 
not know of any advantage to be gained by dividing 
tanks into sections. 


20743. Should they be used in series or in parallel ?— 
This question is to some extent under consideration. 
At present we are using the first ten tanks, equal to 
about 9-6 hours’ dry weather flow, in parallel, and the 
effluent from these tanks is then passed. through seven 
other tanks (144 hours’ capacity), also worked in 
parallel. It is intended to work all the tanks in 
parallel at some future time, with a view to ascertaining 
whether this or the before-mentioned method is the 
more satisfactory. 


20744. Is a scum necessary or desirable 7—A scum is, 
we believe, desirable, although at times when many of 
the tanks have been without one we have not found any 
difference in the purity of our final effluents. 


20745. Should the septic tank be closed in, and, if so, 
what advantages does a closed tank possess over an 
open one’/—We have experimented with a concrete 
covered septic tank and an uncovered septic tank of 
exactly similar dimensions. The results obtained prove 
conclusively that with our sewage nothing was gained 
by covering the septic tank. 


20746. What do you consider the best arrangement 
for the “feed” and, “ draw-off’”’ ?~We. have found that 
the best method is to admit the requisite quantity of 
sewage at the deep end of the tank by means of sealed 
inlets so arranged as to give the greatest possible diffu- 
sion throughout the tank. The draw-off consists of a 
sealed outlet and sill running the whole length of the 
end of the tank opposite to the feed. 


20747. At what rate is sewage, as a matter of custom, 
passed through your septic tanks!’—The average flow 
of sewage through our tanks is about four million 
gallons per 24 hours, equal to 15 hours’ septic diges- 
tion. 


20748. What is the most advantageous rate of flow 
through septic tanks, end what is the rate of flow at 
which quicker passage through the tanks becomes, in 
your opinion, distinctly disadvantageous /—The average 
rate of flow thrcugh our tanks is as follows':—Maxi- 
mum flow of which the duration is six hours at the rate 
of 6,000,000 gallons per 24 hours or 10 hours’ digestion. 
For the remaining 18 hours of the tay, the average of 
the rata of flow per 24 hours is 5.335,525 gallons, or a 
digestion of 18 hours. From experiments which we 
have made there does not appear to be much difference 
in the effluent between 12 and 24 hours’ digestion, and 
we have attempted to keep oux sewage as nearly as 
possible within these limits. If the flow is too rapid 
the suspended matter in the effluent is greatly in- 
creased, and we see no advantage in more than 24 
hours’ contact. ” 


20749. Is it possible to “ over-septicise” a sewage, 
and, if so, for what reasons, and how is the “over- 
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septicising” brought about?--We have not had in 
practics any specific instance of Over-septicism. It is, 
however, undoubtedly a fact that if sewage is kept too 
long in the tanks considerable quantities of sulphur- 
etted hydrogen would be produced, not cnly causing 
a nuisanee, but interfering with the subsequent treat- 
ment of the effluent, by using up oxygen for its oxida- 
tion aud by interfering with hydrolysis. 


20750. What is the amount of digestion in your septic 
tanks? How far do you find that the digestion is 
affected by the atmospheric temperature?—We regret 
that we have not had the means at our disfosal to esti- 
mate this figure ; slight variations in temperature make 
no difference, as, although the average temperature In 
the closed septic tank was somewhat higher than that 
in the open septic tank (during a period of six months), 
the amount of sludge formed in each case was practi- 
eally identical. 


20750. Do you think a certain amount of sludge 
should be removed periodically from septic tanks, or 
do you prefer to work them for a considerable period 
without cleaning, and then remove all the sludge?—We 
prefer to remove our sludge entirely at fairly long inter- 
vals, because the greater part of it accumulates at the 
surface of the tanks. 

20752. How often, then, would you cleam out the 
tanks /—The septic tanks are entirely cleaned out every 
six months. 


20753. How do you think the sludge should be-taken 
out of the tank, and how should it be disposed of? 
Does any nuisance attend the operation ?—Our practice 
is as follows:—The liquid portion of the contents of 
the tank which is to be sludged having been run off, 
sewage is run on to the settled scum, which is then 
broken up by means of long wooden rakes. The re- 
sultant sludge is then pumped into an adjoining tank 
which is kept empty for the purpose, milk of lime being 
added to the sludge at a point adjacent to the inlet of 
the tank, thus ensuring a thorough admixture of lime 
and sludge. The sludge is then allowed to settle for 
about 12 hours, after which the supernatant liquid is 
drained off. A further quantity of milk of lime is then 
added to the sludge, after which the whole is pumped 
into an adjoining sludge tank and pressed in the usual 
way. The total quantity of lime used for pressing is 
about 5 per cent. of the wet sludge or 20 per cent. of 
the pressed cake. For the intermediate tank, it has 
been found convenient to use whichever of the detritus 
tanks happens at that time to have been pumped clear 
of detritus sludge. Owing to the thorough admixture 
of lime and sludge, no difficulty has been experienced 
in pressing the septic sludge. 


20754. Do you find that the suspended solids coming 
away with the tank liquors tend to increase in amount 
towards the end of the period of working—i.e., as the 
time approaches for removing sludge from the tank ?— 
Yes, we have found this to be the case. 


20755. What amounts of suspended solids, stated in 
parts per 100,000, are contained in your septic tank 
liquor at the commencement of the period of working 
the tank, i.e., just after the tank has been cleaned out, 
and at the end of period, 7.e., when the tank is thrown 
out of use for the purpose of cleaning out, and what is 
the average amount?—We have not been working a 
sufficient time with our full number of tanks to be able 
to give the required data. With the original 10 tanks 
(capacity about 10 hrs. dry weather flow) the suspended 
matter in the tank effluent varied from about 15 parts 
per 100,000 after a few weeks’ working to 50 parts per 
100,000 at the end of six months. During the last four 
months this effluent has passed through four additional 
tanks (which will shortly be increased to seven), and 
the suspended matter during times of normal flow has 
varied between three and seven parts per 100,000. 


20756. Should any portion or the whole of the sewage 
which arrives at the outfall works in storm times be 
passed through the septic tanks /—We think that up to 
three dilutions the sewage should be run through the 
septic tanks, and after this only until the polluted 
storm water has been delivered at the works. When 
this has taken place, a flow about equal to the normal 
should be allowed to continue to run through the tanks. 


20757. If storm sewage is passed through a septic 
tank, does this cause an increase in the amount of sus- 
pended solids issuing from the tank, and, if so, can you 


give us figures showing what the increase is ?—During 
the storm referred to in Question 20720 the whole of the 
storm sewage was passed through the tanks, and 
samples taken each hour, with the following results :— 


Suspended Solids. 


lst hour - - - - 4:0 parts per 100,000 
2nd 9°, aS 3 = - sO ” ” 
3rd ie ae a = - 8:0 ” ” 
ri | le = = cand -O re) ” 


20758. May you admit storm sewage to your septic 
tank, to an extent which raises the ordinary level of 
the liquid, without serious detriment to the functions 
of the tank ?—As the levels of our tanks can only vary 
within very small limits we cannot give any informa- 
tion on this point. 


20759. With certain automatic gear the level of the 
liquid in a septic tank fluctuates. Have you made any 
observations for the purpose of determining whether 
such fluctuations disturb the proper working of the 
tank in any way, as, ¢.g., by causing an increased 
amount of suspended solids to issue from the tank ?— 
We have never used any automatic gear. 


20760. Do you find that septic tank liquor is more 
easily treated on filters than settled sewage or than 
precipitated sewage, assuming that in each case you 
have the same amount of suspended solids in your tank 
liquor?—We obtained better results with septic tank 
effluent than with chemically treated effluent. 


20761. Are the impurities in solution in sewage 
materially different from the impurities in solution-in 
septic tank liquor ?—We have not carried out sufficient. 
work on this subject to make our evidence of any real 
value. It is undoubtedly very complicated, owing tc 
the action of the sludge and the alteration of the con- 
stitution of the dissolved solids. 


20762. Have you any data on the relative value of 
plain septic tanks, and septic tanks filled with rough 
stones or flints ?—No. 


20763. Do you find any nuisance from the treatment 
of sewage in septic tanks? Have any complaints been 
made ?—We have never experienced any nuisance, nor 
have any complaints been made. 


20764. Do you think it desirable that the suspended 
solids in sewage should be removed as far as practicable 
before sewage is filtered? If so, what do you consider 
a practicable limit to get down to ?—We think that it is 
desirable to remove the solids as far as possible. In 
our case we get down to between five and six parts of 
suspended matter per 100,000. When we had only half 
the number of tanks the suspended matter was very 
much higher. 


20765. How do you consider that the removal of sus- 
pended solids can best be effected 1—Firstly, by screen- 
ing to eliminate the coarser material ; and, secondly, by 


means of large detritus tanks ; then by means of septic 


tanks of at least 24 hours’ dry weather flow capacity. 


20766. Have you any experience of any mechanical 
device or any special tanks for freeing tank liquor of 
suspended matter before delivering it to filters ?—No. - 


20767. What other (if any) method of dealing with 
tank liquor before delivering it to filters do you regard 
as necessary or advisable?—We have not found any 
additional method necessary, but the distributing 
troughs on the contact beds arrest a considerable 
amount of suspended matter. 


20768. May I ask you to put before the Commission a 
full statement of your views as to the comparative cost 
and relative advantages of the various methods of 
settlement? I am not sure whether it would be pos- 
sible for you to make this comparison on the assump- 
tion that in each case you reduce the same sewage down to 
the same figure for suspended solids, but if this could be 
done it would be useful to include a comparison on this 
basis ?—The comparative costs in our cas ewere as follow: — 


The initial expenses were about the same for both » 


methods of treatment. We cannot speak as to the 
suspended solids, because we have no figures showing 
the amount of the suspended matter in the chemical 
precipitation effluent, but judging from the appearance 
it was only slight. The following statement does not 
include any payments in respect of principal or interest 
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on loans, but only the actual annual working 
expenses :-— 
Chemical Sore: 
nites Precipitation. Septic Tanks. 
ie sa: £8. “a. 
Lime precipitation and 
pressing. = .- -..- 742 0 9 346 17 8 
Copperas” - - - - | 9615 4 — 
Coal - - - - - 253 10 3 185 5 8 
Press cloths- Beare - 155 0 0 133-2 2:-8 
Wages - . - - 683 16 0 485 17 0 
103i, 2.14.) L131--3-.0 
Less receipts for manure 317 12 0 150 4 O 
1,613 10 4 980 19 0 
Cost of treatment per million 
gallons of dry-weather flow £24 2 £1 6 8 





When we were using precipitants we got more than 
twice the amount of sludge that we do at the present 
time from the septic tanks. The pressed cake produced 
during the time of chemical precipitation averaged 
about 7,500 tons per annum. By the present system otf 
working we obtain :— 

os tons of pressed septic sludge cake per annum. 


” ” detritus ” ” ” 


Total 3,605 


The purification from the chemical effluent was not 
quite so satisfactory on contact beds, and considerable 
quantities of hydrated oxide of iron were deposited in 
the bed. It is quite conceivable that with certain kinds 
of trade effluents some method of precipitation has to be 
Scam to, though we have had no practical experience 
of this. 


20769. As regards contact beds, is it advisable to 
construct the whole or any part of the interior of build- 
ing materials, or may you in some cases dispense with 
this entirely /—We consider that where the subsoil is of 
a heavy character all building materials may be satis- 
factorily dispensed with, except for the construction 
of the outlet chamber. 


20770. Do you find that within certain limits the 
depth of contact beds may vary without affecting their 
efficiency? If so, what iimits do you think are permis- 
sible ?—Although we have no personal experience with 
beds of a greater depth than three feet, we think that 
if increased much beyond this limit solidification of the 
lower stratum would take place, and the drainage of the 
bed would be interfered with. The aeration would also 
be less perfect, and the capacity of the bed would prob- 
ably diminish more rapidly. 

- 20771. What do you consider is the most convenient 
size for a contact bed ?—The size of each bed should be 
such that it can be filled by the available flow of tank 
effluent in about two hours. 

20772. What do you find to be the best filtering mate- 
rials? What is the material (which can be had in 
practicable quantity) that, while efficient, is in your ex- 
perience the least disintegrable in a contact bed ?— 
We prefer to use hard-burnt clinker to any other mate- 
rial. 

20773. What size should the filtering material be, 
and should it be graded in the beds?—We consider it 
necessary that all material used in the construction of 
contact beds should be both washed and screened. For 
the first contact beds, we use all material which is re- 
tained by a screen of half-inch mesh. Any large lumps 
are first broken, as they interfere with the screening 
machinery. For the second contact beds, the material 
passing through a half-inch mesh and retained by a fin. 
mesh is used. No attempt is made to grade the material 
in the bed, but in filling. the material into the bed the 
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coarser clinker inclines to accumulate in the lower por- 
tions of the bed. 

20774. How should the bottom of the bed be con- 
structed ?—The bottom of the bed should be excavated 
so as to allow of a good fall towards the outlet chamber. 
The drains are laid on the surface of the ground in 
herring-bone fashion, the under side of the pipes being 
laidinagrip. We have found it desirable to use glazed 
and socketed earthenware pipes with half-inch holes 
three-quarters of the way round the pipe. The main 
drain is laid with a fall of 1 in 200 towards the outlet 
chamber, and the branch drains have an inclination of 
1 in 600. Im secondary beds unglazed field tiles with 
butt joints have been used with satisfactory results. 


20775. Do you think it generally desirable that 
sewage should be subjected to some form of tank treat- 
ment before it is put on contact beds +—We believe that 
some form of tank treatment is requisite. 


20776. What periods of filling, standing full, empty- 
ing, and standing empty do you consider best in practi- 
cal working for primary beds and for secondary beds ?— 
With our sewage we have found for both the primary 
and secondary beds a period of about two hours’ filling 
followed by a two hours’ contact to be most satisfactory. 
We work two cycles per day, the beds standing empty 
not less than two hours between fillings. 


20777. How should contact beds be filled and emp- 
tied ?—We think that the most important point to be 
considered in filling a bed is perfect distribution com- 
bined with moderate aeration of the inflowing liquor. 
This we have obtained in a most satisfactory manner by 
means of troughs fixed 6ft. to 8ft. apart. The troughs 
are fixed on the surface of the bed, and can easily be 
re-adjusted in case of settlement. The effluent runs 
gently over the sides of the troughs which have no per- 
forations. Facilities are provided for emptying and 
cleaning the troughs. In emptying a bed we open the 
outlet valve to its full extent, thus emptying the bed as 
quickly as posible. 

20778. Have you had experience of automatic gear for 
filling and emptying contact beds ?—We have not used 
any automatic apparatus for filling or discharging. 
The reasons which have led to the exclusion of auto- 
matic apparatus are as follows :— 


(1) They are very liable to get out of order, and 


consequently it is necessary to have a man always: 


on the watch to see that they are working pro- 
perly. As the attendance of one man is all that is 
required at our works to control the valves, no 
saving of wages would be effected, but there 
would he a considerable increase in capital out- 
lay, as all these appliances are expensive to. in- 
stal, and we think costly to maintain. 


(2) Automatic apparatus takes no notice of the con- 
dition of the bed, which, in our opinion, is a 
matter of considerable importance. 


(3) Where the flow of sewage varies it is desirable to 
be able to bring the larger beds into use during 
the time of the greatest flow, so that their period 
of filling may approximately equal that of the 
smaller beds. This we consider is best accom- 
plished by hand control. 


20779. What amount of tank liquor per cubic yard 
of filtering material can, in practice, be properly treated 
in a primary contact bed in 24 hours? If the amount 
varies with the quality of the tank liquor, please state 
by analytical figures what quality you are assuming, 
and how differences in the tank liquor affect the amount 
that can be properly treated ?—Assuming that the bed 
has been made in conformity with our former recom- 
mendations (see No. 20773), we can treat 90 gallons per 
cubic yard (with two fillings) per 24 hours. When the 
strength of the tank liquor falls below about -400 parts 
per 100,000 of albuminoid ammonia and 7-000 parts per 
100,000 of oxygen absorbed (in four hours) about 45 
gallons more per cubic yard can be treated. 


20780. What amount of liquid from a primary bed 
can, in practice, be properly treated on each cubic yard 
of filtering material of a secondary bed in 24 hours ?— 
Taking a typical second contact bed which has been in 
operation for 54 years, we obtained a gauging of 45-5 
gallons per cubic yard capacity, and there has been no 
difficulty in maintaining this. We can therefore treat 
90 gallons per cubic yard per 24 hours with two fillings. 
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20781. Can these quantities be increased by more fre- 
quent filling and emptying in times of storm without 
impairing the efficiency of the beds or the quality of 
the effluents ?—With our sewage we do not consider that 
we could advantageously fill the beds more than three 
times a day without impairing the quality of the 
effluent. 

20782. Is one contact sufficient for the conversion of 
certain tank liquors into a satisfactory effluent ?—We 
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have had no experience of sewage that could be s0 
treated. 


20783. At what rate or rates do primary contact beds 
and secondary contact beds lose their water-holding 
capacity ?—No. 5 first contact bed, made of washed and 
re-screened material, recommenced working on June 
15th, 1904. The following table gives the numerous 
gaugings which have been made of the capacity of this 

ed :— 


First Contact BepD No. 5. 


Contents of bed, 3,081 cubic yards, 519,912 gallons 














Date of Gauging. | Npyer of | Total Cuneaity log 
1904. 

Junels - : 1 243,644 
eG ie 3 237,640 
20 | il 995,284 
oT : | 13 227,090 
ig : 19, # 217,965 

July 1 | 32 211,122 
May wey aiken, Pak 44 210,959 
De eet ee 58 | 209,508 
ake Vs aig 2c een 89 207,272 

Aug. 4 100 201,405 
eel eek oe eae 114 194,417 
ween 128 193,094 
i tog enhgitia 4 142 186,131 

Sept. 1 - 156 185,600 
ties 170 183,688 
pehint tis 184 173,759 
Be 198 173,382 
bts 29 ant 212 170,757 

Gceu 6... ctaae 226 168,918 
wes 240 167,728 
» 20 | 254 160,486 
Potty | 268 160,375 

Nov. 3 - je Sw?age 156,126 
110 | 296 155,970 
eal’ : 310 157,055 
px 324 154,820 

Dec. 1 | 338 154,505 
8 sh ae 154,039 
cel * 366 150,761 
» 28 383 172,864 

1905. 
Tan 6.0. 426 160,220 
eee ae 484 151,669 


Pere ntage 


Capacity in 
pacity Empty 


Gallons per Remarks. 








Bed—100. Cubic Yard. 
46°79 79-08 
45°64 77:13 
43°25 73°10 Beds not properly drained. - 
43°61 73°70 
41°85 70°74 Showery. 
40-54 68°52 : 
40°51 68°47 
40°24 68°00 
39°81 67°27 
38°68 65°37 Showery. 
37°33 | 63°10 
37°09 62°67 
35°74 60-41 
35°65 60°24 
35°27 59°62 
33°37 56°39 
33°29 56°27 
32°79 55°42 
32°45 54°82 
32°20 : 54°43 
30°81 52-09 
30°79 52°05 
29°98 50°67 
29°94 50°62 
30°15 50°97 The bed had 45 minutes 
pain asa extra rest on this date. 
29°67 50°16 
29°58 49-99 
28°95 48°93 | 
33°20 56°10 Bed rested 44 days. 
30°77 52°00 Bed rested 74 days. 
29°13 49°22 





No. 18 first contact bed was formed of unscreened fur- 


nace clinker, and commenced working in January, 1898. 


For a period of about six months it was used without 





* The bed completed six months continuous working at two fillings per day on this date. 





troughs, otherwise distribution has always been by 
means of wooden troughs. 
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Date of Gauging. 





Total Capacity in 
Gallons. 


Percentage Capacity in 


Capacity in Gallons 
Gallons. Empty Bed—100. 


per Cubic Yard, 


pane Las IANO Wee i serine ws 108,255 25°6 43°0 
September 25,1900 - - - 65,374 15°8 26°5 
November 13, 1900 - - - 69,800 16°8 28°3 
October 10, 1902 - - - - 61,300 14:7 248 
March 20,1905 - - - = . 56,786 13°7 23°04 


20784. Is the loss of capacity in direct proportion to 
the volume treated and the amount of suspended solids 
contained in the liquid which is put into the bed or to 
the fineness or coarseness of the material of the bed, or 
on what does it depend ?—The loss of capacity, in our 
opinion, is due to the following causes :— 

(a) The formation of gelatinous matter on the surface 

and in the interstices of the material, but neces- 
sary for the purifying action of the bed. 


(b) The non-destructible suspended matter carried 
into the bed. 


(c) Disintegration of the clinker and the consolidation 
of this disintegrated material to a spongy mass. 
In our opinion this accounts almost entirely for 
all further loss in capacity after the bed has 
once arrived at maturity. 


(d) The accumulation of irreducible humus gradu- 
ally deposited from the sewage. The weathering 
or wasting of this material probably accounts for 
the increase in suspended matter occasionally 
noticed in contact bed effluents. 


20785. Can the material of a clogged ‘bed be washed, 
and, if so, how can this best be done, and at what cost 
per cubic yard?—Yes, without difficulty. We have 
washed several beds of over a half acre in area in the 
following manner An inclined rotary screen 10ft. by 
Aft. is fixed at a suitable elevation and so constructed as 
to be easily capable of removal from bed to bed as re- 
quired. The whole is arranged so as to admit of wash- 
ing, grading, and screening the clinker as required 
The material excavated from the bed is tipped 
into a boot fed with, tank effluent, and is raised there- 
from by elevators to the screen. There it is washed 
and graded in the way explained in reply to Question 
No. 20773. The wash water is run into a large wooden 
trough, where most of the fine material settles. It is sub- 
sequently purified on land areas and secondary beds. 
The power is supplied by a portable engine. The total 
cost of the screening machinery and engine and shed 
was £280. This machinery is capable of dealing with 
100 tons of material per day of nine hours. The cost 
of screening a bed of 0-65 acres was at the rate of 1s. per 





cubic yard of the capacity of the bed. This includes 
excavating, packing troughs, wheeling, screening and 
washing not only the material excavated but also the 
additional material required to take the place of the 
portion rejected, and filling the same into the bed. This 
cost, although inclusive of fuel, does not include any 
interest on capital outlay. The following tables show 
the quantities of the various grades of material obtained 
by screening the clinker from the bed (the material of 
which had been dry screened when the bed was first 
made), and also from the screening of new furnace 
clinker collected from mills :— 


Material from the Old Bed. 
Material above $ in. used for first contact 


beds - - - - - - 60 per cent. 
Between 4 and } in. used for second con- 

tact beds - - - - - ar OUR eles 
Below $ in. rejected - = = 2 LO) Soe ees 

| New Furnace Clinker. 

Material above 4 in. used for first contact 

beds Hherethate mh HOS Op Hig ke sao 9 
Between $ and 4 in. used for second beds 38 ,, ,, 
Below $ in. rejected - - . aca stair 


20786. How can the capacity of contact beds be best 

maintained ?— 

(1) By efficient drainage. 

(2) By the use of material which will not disinte- 
grate. 

(3) By filling the beds quietly and evenly, and as far 
as possible preventing the entrance of suspended 
matter. 

(4) By allowing judicious periods of rest during which 
time the bed should be allowed to drain 
thoroughly. 

(5) By keeping the surface of the bed in good order 
so as to prevent fl ading. 


20787. What is the average analysis of your single 
contact effluent and your double contact effluent ?—The 
average analyses are as follows :— 








Oxygen absorbed in 





—_— Albuminoid Ammonia. 4 hours at 27° © Nitric Nitrogen. Chlorine. 
Primary Beds— 
1902——- - - - 0244 1°893 07166 75 
1903 - - 0264 2°498 0227 79 
Secondary Beds— 
1902..:..- - - - 0-089 0°757 1-068 (ig 
1903 - - - 0-072 0°799 1-056 719 








20788. What number of gallons of liquid are treated 
daily per cubic yard of filtering material in your first 
bed, and what number of gallons are treated daily per 
cubic yard of filtering material in the two filters ?— 
The number of gallons we can treat daily per cubic 
yard is 90 for first contact beds (two fillings). The 
quantity treated daily per cubic yards of filtering 
material in the two beds by two fillings is 45 gallons. 
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20789. Do you find any chemical poisons in your 
effluent ?—No. 

20790. What is the average amount of suspended 
matter in the primary bed effluent and the secondary 
bed effluent? Does most of this suspended matter come 
out with the first flush or not?~—In the primary bed 
effluent the suspended matter averages 3 to 4 parts per 
100,000. Second contact bed effluent averages about 1 
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part per 100,000. The first flush of the second contact 
bed contains about 4 parts per 100,000. This rapidly 
diminishes. 


20791. To what extent do you find that the organic 
matter of the suspended solids issuing in the effluent 
from a contact bed is different from the organic matter 
of the suspended solids going on to that bed ?—We have 
made no comparisons. 

20792. Is the first flush of effluent from either set of 
beds ever putrescible?—The first flush from our first 
contact bed is generally putrescible; that from the 
second contact beds practically never. 


20793. Do you find that by increasing the number of 
fillings in storm times or other times, the amount of 
suspended solids is increased ?—The suspended solids 
in the final effluent vary from 0°4 to a maximum of 
2°8 parts per 100,000. Storm water does not seem to 
have any effect on the final effluent in this respect. 


20794. May contact beds in time of storm be used as 
streaming filters without detriment to their customary 
efficiency /—We consider that this would be very detri- 
mental to the subsequent working of the bed. 


20795. What was the cost of your contact bed instal- 
lation per acre, and how much liquid do you treat per 
acre per twenty-four hours in ordinary times and in 
storm times ?—The cost per acre is £1,500. The amount 
treated by double contact on beds three feet deep is 
217,800 gallons per acre. 


20796. Have you made any experiments which throw 
light upon the action of contact beds when full and 
when resting?—No. At the same time, we believe it 
has been proved that certain growths within the bed 
have a very powerful affinity for oxygen. 


20797. Have you made a study of the conditions of 
aeration of contact beds, and, if so, with what results ? 
—We have found that we can only get satisfactory 
results when distribution is good and when moderate 
periods are allowed for the aeration of the bed. 


20798. Do you find any nuisance from the treat- 
ment of sewage on contact beds? Have any complaints 
been made ?—No nuisance is caused, nor have any com- 
plaints been made. ; 


20799. Could you make a comparison of the cost 
and relative advantages of percolating filters and 
contact beds *—We have no personal experience in per- 
colating filters, but from results supplied by Accring- 
ton, and published in Dr. Fowler’s paper read before 
the Sanitary Congress at Glasgow (1904) the cost 
per million gallons, calculated on the dry weather 
flow, is £3 7s., the percentage improvement effected 
on the tank effluent being about 76. The cost per 
million gallons by our double contact system is 
£5 7s. 6d., the percentage improvement being 85 on 
the tank effluent. This has been calecudated as follows : 


Total expenditure - - £25866 8=-C 
Less receipts from manure and crops 400 8 6 

Net cost - - - - 2,466 0 0 
These figures do not include interest on capital outlay. 
Dry weather flow is 2,000,000 gallons. 


20800. Can you say whether the chance of nuisance 
is any greater with one form of filter than with another ? 
~—We have had no personal experience in working per- 
colating filters. The contact beds at our works have 
never caused any nuisance, although we have a strong 
sewage to deal with. 


20801. You have mot made any comparative obser- 
vations as.to the amount which can be satisfactorily 
purified by the two forms of filter ?—No. 


20802. Could you express an opinion as to how the 
number of gallons which can be treated would vary 
with variations in the strength of your tank liquor, 
and on what figure or figures you would rely for de- 
fining the “strength” of your tank liquor ?—The 
strength of the tank effluent in reference to the num- 
ber of fillings would be gauged by the volume of sewage 
arriving at the works as compared with the normal 
flow (see also No. 20779). 


20803. Have you had any experience of storm water ° 


filters?—We do not use storm filters as streaming 


filters at present, but as single contact beds after the. 


effluent has been settled on land areas. By this 
method we have been able to keep the effluents within 
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the Ribble Joint Committee’s standard (i.e., 0°150 
albuminoid ammonia). 

20804. Do you consider storm water filters lose any 
of their efficiency by being used intermittently at 
long intervals ?—We prefer to give our storm beds at 
least three fillings per week, as otherwise we find that 
they do not work satisfactorily. 


20805. Hive you any practical suggestions to make 
for disposing of sludges’—Sewage screenings in our 
case are dug into the land adjoining the works, which 
is owned by a market gardener. The quantity is not 
great, being about 250; tons per annum: As regards 
other kinds of sludge, the only way we have found 
at all practicable is to press all sludge, whether de- 
tritus, precipitation, or septic tank sludges, and to 
dispose of the cake thus made. ‘This cake is mechani- 
cally disintegrated, so as to be ready for use by the 
farmers. At present we are able to sell all our cake 
at 10d. per ton at the works. When we used chemical 
precipitation, the amount of sludge being much greater, 
we were sometimes obliged to dispose of a portion of 
it by sending it by canal ten or twelve miles into the 
country. We consider that the only practical way for 
sludge to be dealt with by inland towns is by pressing : 
90 per cent. of the moisture is thus disposed of, render- 
ing the material much more suitable for any subse- 
quent method of disposal. What this latter method 
should be must be decided by each town according to 
the circumstances. 


20806. Do you find that some methods of disposing 
of sludge are more likely to cause nuasance than 
others ?—The disposal of sludge by natural drying is 
in our opinion likely to cause a nuisance. 

20806*. What, in your opinion, constitutes a good 
effluent ?—We should consider that the following 
factors are requisite for a good effluent :— 


(1) That it does not contain any appreciable quan- 
tity of suspended matter, 


(2) That it is non-putrescible under ordinary climatic 
conditions. 


(5) That it does not deposit any sediment on stand- 
ing, even after admixture with aerated water. 


(4) That it should contain sufficient dissolved oxygen 
for the support of fish life. 


(5) That it should contain sufficient nitric nitrogen 
to meet the requirements of the organic matter 
, still remaining in the effluent. 


20807. Do you consider that the type of effluent from 
a contact bed is superior or inferior to the type of 
effluent from a percolating filter?—We are of the 
opinion that the contact bed effluent is superior to 
that from a percolating filter, for the following 
reasons :— 


(1) It is not so liable to deposit on standing or on 
subsequent dilution. 

{2) The organic matter present in it is less putres- 
cible than that present in a percolating filter 
effluent without subsequent straining, and con- 
sequently less call is made on the nitric 
nitrogen. 


(5) The purification effected in strong sewages by 
double contact is considerably greater than by 
a percolating filter. 


(4) It is also probable, admitting that pathogenic 
organisms are largely destroyed by the pre- 
sence of overwhelming numbers of other organ- 
isms, that the prolonged contact in bacteria 
beds is more inimical to their development than 
the short period of contact on the percolating 
filter. 


20807*. What test or tests do you chiefly rely upon 
in judging of the quality of an effluent, and for what 
reasons ?—We rely upon the following tests :— 

(1) The amount of probably putrescible matter as 
measured by the albuminoid ammonia and 
oxygen absorbed tests. 

(2) The total purification as measured from the im- 
provement effected on the albuminoid ammonia 
on the crude sewage, because the greater the 
purification effected the less liable is any re- 
maining organic matter to subsequent putrefac- 
tion. 

(3) The amount of nitrification which has been 
effected, and the condition of this nitrogen 
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(whether nitrous or nitric), because this figure 
shows not only the state of purity at which the 
sewage has arrived, but also what reserves it has 
to draw upon. 

(4) The rapidity with which an effluent absorbs dis- 
solved oxygen, either with or without dilution. 
This test shows whether the effluent is likely to 
be inimical to fish life or not by making any 
subsequent call upon the oxygen of the stream. 


(5) The amount of suspended matter in the effluent 
and the proportion of organic to inorganic, as 
nuisance may be caused in the stream owing to 
the deposit of such material. : 


20808. Have you tried the “aeration” test, z.¢., the 
rate at which dissolved oxygen is taken up by an 
effluent?—Yes; we have supplied the Commission 
with a series of figures we obtained from this test 
(See Appendix, page 71). 


20809. Is one standard for all effluents passing into 
non-potable streams possible and desirable?—No; we 
do not think it possible. 

20810. Should there be more than one standard, and, 
if so, how should a plurality or series of standards be 
formulated ?—We consider it would be advisable to 
have a plurality cr series of standards which would 
take into consideration the strength and volume of the 
sewage and the velocity and volume of the stream at 
the time of discharge. The standards to be adopted 
might be arrived at by mutual arrangement between 
the rivers authority and the local authorities. In case 
of dispute the matter should be referred to the Local 
Government Board or some specially constituted 
authority for arbitration. 


20811. What is your experience of the effect of 
storm water upon filters of various sorts+~We have 
not made any experiments in the use of storm water 
beds other than those mentioned in reply to question 
No. 20723. 


20812. How far do you consider it advisable for a 
sewage installation to be worked) automatically /— 
We do not approve of automatic installations in works 
of any size. In small works they may sometimes be 
necessary «m economical grounds; but even then fre 
quent supervision is necessary. 


20813. Have you made any systematic observations 
as to the effects of discharging effluents into water- 
courses ?—No. \As regards possible damage to fish life 
from effluents, we may say that a number of small fish 
were kept in a tank fed by second contact bed effluent 
only, for a period of nine months. During this time 
they were quite healthy. They were finally washed 
away by an excessive flood. 


20814. Could you make a short statement setting 
forth the values you attach to the different chemical 
tests in use for determining the qualities or conditions 
of sewages and effluents, and giving your reasons /— 
The four hours’ oxygen test is a useful comparative test 
where sewages of the same character are being ex- 
amined daily. The albuminoid ammonia is a still 
more useful figure for judging the amount of treat- 
ment that the sewage is likely to require or the 
amount of unfermented’ organic matter present in an 
effluent. A nitrogen determination by the Kjeldahl 
method is, however, much more satisfactory than this 
latter, because the ratio of albuminoid nitrogen to the 
total nitrogen obtained varies enormously with the 
strength and condition of the sewage. The three 
minutes’ oxygen test is a useful indication of the 
amount of trade effluent in the sewage. For effluents 
the dissolved oxygen test is of the greatest possible 
value. The simpler the method the better. The rate 
at which oxygen is absorbed by the effluent 
during given periods of time is one of its most 
valuable applications. The nitrites and nitrates in- 
dicate the reserve which the sewage has to draw upon 
independently of the dissolved oxygen, and also to 
what extent the sewage has been purified. 


20815. What are your views with regard to the 
quantitative dete~mination of the “strength” of a 
sewage, tank liquor, etc. +-The most important points 
to be determined’ in a crude sewage are the suspended 
matter and the ratio of organic to inorganic matter in 
the same. This will give some idea as to the quan- 
tity of sludge which has to be dealt with. The saline 
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and organic ammonia should be determined as an in- 
dication of the organic strength of the sewage. The 
three minutes’ oxygen absorbed should be used as an 
indication of the amount of trade effluent. The de- 
termination of the amounts of grease and cellulose 
would also be most useful, and in some cases abso- 
lutely necessary. 


TANK LIQUOR. 


In the tank liquor an additional amount of ammonia 
should be found, and there should be a considerable 
diminution in the amount of suspended matter. An 
increase in the oxygen absorbed would indicate over 
septicism. 


PRIMARY CONTACT BED EFFLUENT. 


It depends to a large extent upon how it is to be 
subsequently treated. In working with double contact 
the first contact bed continues in a measure the action 
of the septic tank, but aerobically instead of anaero- 
bically. We should look for a decrease in the free 
ammonia of 40 per cent to 50 per cent., and about the 
same on the albuminoid ammonia. Hydrolysis is re- 
quisite, but not nitrification. 


SECONDARY ConTACT BED EFFLUENT. 


The free albuminoid ammonia should be reduced 
as low as possible, indicating that little fermentable 
matter is present. The oxygen absorbed figure should 
also be low for the same reason. The nitric nitrogen 
should be high, as it indicates how far organic nitrogen 
has been converted into inorganic nitrogen. 


20816. (Chairman.) On question 20713, do you know 
why the sewage was stronger in 1904 than it was in 
1903’—(Mr. Raymond Ross.) Yes; there was a very 
much greater rainfall in 1903 than in 1904—-very con- 
siderably ; 1905 was a very wet year, 1904 was a very 
dry year, one of the best years we have had. 


20817. (Mr. Power.) Are these averages of the 
months, then, for each year?—Yes, sir; we took 
samples every day; some days two lots of samples 
completely through, and at the end of the month they 
are all returned to the Highways and Sewage Com- 
mittee with all the analyses—all the details of them— 
and they are all averaged up, and this is the average 
of the averages. 


20818. You add together twelve monthly averages and 
divide by 12%—We add the whole twelve months to 
gether and divide by 12; about 2,700 analyses per yea 
are included in this. 


20819. Are included in this?—Are included each 
year; about 2,500 to 1,700 are included each year, 
and these are the average of these analyses. 


20820. (Chairman.) Then question 20716, do you think 
that any one figure would give you a fairly approxi- 
mate idea of the strength?—I think it might, as a 
rule, in any district where you knew the circumstances, 
but I think the figure might have to vary according to 
the district in which it was being taken; that is to 
say, you would have to take cognisance of the method 
of purification which was adopted and the original 
strength of the sewage. 


20821. Question 20720, I see these figures are lower 
than your average of suspended solids in dry 
weather, and I suppose that is due to the fact that in 
the very early part of the storm the sewage, apart 
from the storm, would contain very few suspended 
solids, and that these given in the table are almost 
wholly due to the storm?~Yes, my Lord, that is it, 
and there were not quite so many. We have not had 
a large number of analyses. We did not get these 
questions in time to take a very large number, and 
they were taken under conditions that just existed at 
the time; but the other ones have been taken over a 
long period, and consequently they are hardly com- 
parable between each other. It was a question in your 
questions) that suggested doing what we could in the 
time that we had before sending in the answers. 


20822. (Mr. Power.) The figures given by you in 
reply to Question 20720, those are storm sewage figures, 
not storm water proper, are they ?—They are. 


20823. The average sample during the first, second, 
third, and fourth hour; it is Question 20720 ?—These 
are tank effluents. 


20824. They are tank effluents?—Tank effluents. 
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20725. Your minimum in Question 20711 was 83 20836. (Chairman.) Then, in your answer to Ques- 


See ' -parts?-No, I am wrong, sir; they are not tank tion 20735, you say when sewage, precipitated by lime 
A.M.I.C.E., effluents, they are crude sewages ; these are crude and copperas, was treated on contact beds, you obtained 
and sewages. fairly eve ene ee you eget that hater Pa 
Mr. 7 eA ry ce proportion of storm were obtained by doing away with precipitants anc 
Haymond ares baterei re a see large propor- using septic tank Met he AL Well, now, do you speak 
Bory, tion of storm water. We get ours very quickly, be- Doar that poe le oss.) rae: I ane I 
es cause it is very hilly, and all the streets are paved, so may speak positively on that point in this way: that 


although I did not do all the analyses (I had not 





the storm water arrives very quickly at the works and 
in considerable volume, and only a short sewer. (Mr. 
G. H. Pickles.) It is about one and three-quarter 
miles from the centre of the town. 


20827. (Chairman.) I am not quite certain of Ques- 
tion 20723. You do not appear to me to state quite 
definitely whether running the first part of the storm 
sewage through the tanks and filters 1s likely to cause 
damage or not?—(Mr. Raymond Ross.) No; I think 
not, my Lord ; as long as it goes through the tanks I do 
not see that it can do any particular harm if your tank 
capacity is sufficient. The thing is not to throw your 
suspended solids up too highly in the effluent from 
the tanks—the tank effluent. You see every 12 parts 
of suspended matter means that for two million gal- 
lons it would work out to a cubic foot of material 
carried into a bed ; sol think it is purely a matter of 
how big your tank capacity is so as to get rid of a 
sufficiency of suspended solids. 

20828. (Mr. Power.) But do you, as a matter of 
fact, pass much storm sewage through your tanks? 
I see your dry weather flow is 2,500,000 to 2,000,000, 
and your maximum in 24 hours is 9,000,000. Do 
you take four times the dry weather flow through 
the tanks, as a matter of fact?—-Three times the dry 
weather flow; then the big detritus tanks ; at the side 
we have two very large detritus tanks, and those 
have long sills which overflow at three times the dry 
weather flow, so that by regulating the sluices which 
lead into the septic tanks we can send three times 
through the tanks continually, and let the rest over- 
flow after passing through the big detritus tanks, 


20829. After passing through the big detritus tanks 
then that goes to the ponds you speak of ?—It joins 
with the other effluent. Unfortunately we have no 
separate channel, although in our scheme we have pro- 
vided for another channel to take this water separately. 
That is not yet constructed, but it is intended to deal 
with the water separately to the overflow water. At 
present it is simply allowed to mix with the other. (Mr. 
L’ickles.) Of course, all the sewage which arrives at 
the works must pass into one or other of the detritus 
tanks, but there is an overflow from those detritus 
tanks which intercepts the sewage—that is, the storm 
sewage—so that only three times the dry weather flow 
passes through the septic tanks proper. Then, of 
course. the overflow joins the main conduit again, 
mixes with the tank effluent, and then runs in the 
common conduit to the farm. Then, of course, part is 
dealt with on the contact beds, and the remainder on 
these land areas. 


20830. Is the 9,000,000 gallons that comes down to 
you in 24 hours now the maximum that the sewers 
will carry ?—Well, the conduit has been running within 
four inches of the top; it is practically the maximum 
that the sewers will carry. Of course, storm overflows 
would be working at that time. 





20831. You are contemplating doing away with some 
storm overflows and raising others, sc in time to come 
you will have more to deal with in storm than now, 
will you not ?*—We shall, sir. 

20732. And so far as the sewers will carry it you 
deal with that on your present plan. You now deal 
with some of it in the ponds. Do you not let that 
extra amount go into the tanks? Will not your 
storage at the works have to be bigger the more storm 
water you get down in the 24 hours?—TIn any case, we 
would only take three times the dry weather flow 
through the septic tanks, and then the remainder, after 
passing trough the detritus tanks, would be carried 
by the separate storm water conduit to the farm, which 
is three-quarters of a mile lower down, and dealt with 
on the land. 

20833. On the land ?—So that the storm sewage would 
not mix with the tank effluents. 

20834. Quite so?’—It would be separate from the 
tank effluents. 

20835. Three volumes wowld be dealt with; and 
other three, five, or additional volumes would be dealt 
with in this way ?—Yes, sir. 


come there when a number of the analyses were done) 
still copies were lent to me of these analyses, and I | 
know it was my predecessor’s opinion, although he 
only had a very short experience ; in fact, a month or 
so. He only tried it on quite a small scale, and the 
results we obtained afterwards were undoubtedly very 
much better, or considerably better; I will not say 
very much better. They were distinctly better right 
throughout. 


20837. (Myr. Power.) But you have distinctly less 
suspended matter in the effluent from the chemical 
precipitation tanks ?—There would be less suspended 
matter, but I think now that we have enlarged our 
tanks we have still reduced the amount of suspended 
matter sufficiently. 


20838. Your septic tank effluent, what does that 
contain now ?—Five to seven parts per 100,000 on the 
normal weather flow; [ do not mean the dry weather 
flow, but a normal weather flow. 


20839. The suspended matter in the raw sewage is 
very high indeed ?/—In the raw sewage it is very high 
indeed, but then we have, you see, rather over 24 
hours, really. 


20840. Rather over ?—It is a little over 24 hours’ dry 
weather flow, and we have taken a considerable number 
of estimations of suspended matter, and it will vary 
from five to seven, except during times of prolonged 
storm, when it goes gradually up, and the highest we 
have had is nine. 


20841. From the septic tank ?—From the septic tank. 
Of course you must still remember that we are not 
in the position of having a separate conduit yet; it 
has not been built, so that what arrives at the works 
at the present moment will contain more suspended 
matter because it has the overflow from the septic 
tanks mixed with it. 


20842. You mean more than three volumes will go 
through the septic tanks then?—No, I do not mean 
that, sir; but the overflows from the detritus tanks 
mix with the septic tank effluents, because we have not 
built the new conduit. 


20843. It comes to the filters?—It comes to the 
filters; we cannot help that at present till we get this — 
fresh conduit. It is simply unfortunate that it is so, 
but it does not interfere with the fact that we can 
bring our tank effluent down to three to six parts, to 
an average of five to six, parts of suspended matter, 
taking three times the dry weather flow. (Mr. 
Pickles.) I can support what Mr. Ross says with 
regard to the result of the chemical precipitation. Of 
course I took part with Mr. Harris, who was Mr. 
Ross’s predecessor in these experiments, and although 
I have not the figures I remember that the albuminoid 
ammonia is distinctly less than it was before. 


20844. (Colonel Harding.) Were the conditions the 
same; was there the same length of contact; were all 
the conditions the same?—Yes; there was not quite 
the length of septic tank contact, because there was 
only the old set of tanks working. 


20845. Might not it be that the conditions of the 
first experiment were different from those of the last 
experiment ?—There was about the same contact with 
the septic tanks. 


20846. Was the material the same ; were there the 
same filters, or were they analogous filters ?—These 
filters were the same. (Mr. Ross.) I think I know 
which the filters were—the ones really that most of my 
ideas were based upon were No, 19, which is still 
working ; it is absolutely the same bed, as it has never 
been touched. 


20847. Anyway the experiments were not simul- 
taneous; they were at some hours’ interval ?—Oh, not 
simultaneous. (Mr. Pickles.) Oh, no; of course the 
precipitation was in vogue; but then, of course, it was 
changed to the septic treatment. 


20848. You are comparing the present results that 
you obtain from septic effluent filtration with the 
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results obtained some time ago by the filtration of 
precipitate ?—Yes, that is so; we get a clearer tank 
effluent certainly with chemical precipitation. 


20849. (Mr. Power.) The effluent from the precipita- 
tion tanks was at that time greatly in excess of the 
effluent from the septic tanks ?—No, it was about the 
same, sir. 


20850. (Colonel Harding.) Was the volume which 
you passed the same; was the sewage about the same 
strength—Yes, it was about the same strength as far 
as I remember. 


20851. Your answer interests us because it differs 
from the opinion which has been formed elsewhere ?— 
Of course I am simply basing my answer on the albu- 
minoid ammonia figures; those were what we chiefly 
relied on at that time, and those are what we have 
submitted to the Committee. 


20852. We take it that you have made no simul- 
taneous experiments for the purpose of ascertaining 
the comparative results ?—You may, sir. 


20853. You have not made?—Yes. (Mr. Ross.) We 
did find one thing, sir, which is perhaps important, 
and that is that when using precipitants we got a con- 
siderable amount of iron deposited in our contact beds, 
particularly in the second contact beds; it did not 
seem to come down so much in the first as in the second 
contact beds. 


20854. And do I gather that you found the septic 
action more useful in precipitating iron ?—Oh no, this 
was adding copperas. 


20855. Oh, I see?—This was adding copperas, and 
then iron came down and went towards filling the bed ; 
that was all—not interfering with purification. 


20856. You have no iron salts coming down in your 
sewage ?—None at all, sir. 

20857. (Mr. Power.) It was detrimental to the beds, 
you mean ?—Detrimental as regards filling up the bed, 
as regards causing filling. 


20858. (Chairman.) You got rid of all your sludge, 
what I may call your precipitation sludge, at 10d. a 
ton; can you get the same price for what may be called 
septic sludge ?—Yes, my Lord, we get exactly the same. 
The lime is of principal value. Our country round has 
very little lime, and the farmers really like this because 
of the fibre in the lime mixed together; the amount 
of fibrous material in the lime; it suits their land and 
makes it lighter and better. 


20859. Then with regard to Question 20744 ; you say, 
in reference to septic tanks, “scum is, we believe, desir- 
able.” Do you believe that very firmly ?—I do believe 
it rather firmly, but I do not know that I can give any 
very definite reason for doing so. 


20860. (Colonel Harding.) Perhaps you would indi- 
cate a reason why it is of value. You say, do you not, 
that you have not found any difference in the purity 
of final effluents when there is and when there is not a 
scum ?—No, we have not. 


20861. Seeing that there is no difference, why is it 
desirable to have one ?—Well, I think in one sense it 
prevents the variations of temperature, which must 
really affect purification, although we may not be able 
to detect it. Sewage is always varying 11 strength, ana 
you are taking more or less of an average, and it is 
very difficult to compare one week’s flow with another 
week’s flow unless you have very accurate gaugings, 
which unfortunately we have not. 


20862. Am I right in thinking that you think scum 
is useful in conserving the heat of the sewage ?—Yes, 
in conserving the heat of the sewage more than any- 
thing else, and so obtaining.a more even temperature. 


20863. (Mr. Power.) You do not think covering the 
tank is of any advantage, do you? —I do not think 
it is of sufficient advantage. It keeps the tempera- 
ture a little more even, but nothing else; it does 
not get rid of any more sludge; there is no nuisance 
when it is not covered, and therefore it is a big expense 
for practically nothing. 

20864. (Colonel Hardeng.) You have not tried whether 
there is any difference of temperature in the presence 
of scum and in its absence?—No; I have tried in a 
covered septic tank, an ordinary tank, and the tempera- 
ture in the covered septic tank is invariably a few 
degrees higher. I have for 12 months the figures taken 
twice daily, and the average was some few degrees 
higher in the covered septic tank. 
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20865. (Mr. Power.) With and without scum have 
you tried it?—-No, we started it as soon as a thin 
scum got formed; we did not take it till the thin 
scum had formed. 


20866. (Sir Waulliam Ramsay.) Does your scum come 
and go; does it occasionally appear and disappear 
again ?—Only at the very beginning. If it once forms 
anything like an inch thick it will never go again— 
it stays. 


20867. (Chairman.) Well, at Question 20755 you 
found the suspended matter in the tank effluent 
rose to about 55 parts per 100,000 at the end of six 
months. Now, I suppose, you would consider 35 parts 
Was an excessive amount to put on to a contact bed? 
—Yes, my Lord, very excessive. This is why we 
made our tank capacity so much bigger. 


20868. Then Question 20769. I presume from your 
answer you do not find that the soil in any way tends 
to work out into the filters?—Not in the very least. 
We dug down for several people to see them, and I 
think everybody who has seen it has been convinced. 
(Mr. Pickles.) In fact, we have dug down to put in 
perforated pipes in many places instead of the 
ordinary field tiles, and we have not found the bottom 
to work up, neither have we found it in the washing 
and cleaning of a bed ; we have taken the material out 
without any difficulty. ; 


20869. (Major-General Carey.) Can a contact bed be 
considered absolutely water-tight t—(Mr.. Ross.) Yes, 
sir, absolutely. We have tested that in this way with 
the pipes coming up at the end of the herring-bone, so 
that we can dip these pipes and take a dip on to a 
stick ; take that at the end of two hours, and you will 
not see any difference that you can possibly detect—in 
fact, there has been no difference found. 


20870. When the bed is empty during periods of rest 
is there no evidence of leaking when it is ex- 
posed to the sun ?—It does not seem to ; it never has 
done ; we have never had any leaking. The only leaks 
we have ever had—the whole of the land was originally 
under-drained, and sometimes one of these, in making 
a new bed, had been missed out, and then when the 
new bed started a leak has been found, and it has 
always turned out to be one of these old under-drains ; 
of course, we have had to go down till we found it, and 
stop it, and then there has been no further bother. 


20871. (Chairman.) Then my last question is on 20807. 
In answering Question 20799 you mentioned that you 
have had no personal experience of percolating filters ; 
well, then on 20807 you give us the differences between 
the effluents from a contact bed and the effluents from a 
percolating filter, and I only just wanted to know what 
you go upon ?—Well, I thought I had stated the results 
were given to Dr. Fowler, of Manchester, when he was 
going to read a paper before the Sanitary Congress at 
Glasgow. He asked several works, and amongst others 
ours and Accrington, Well, I got, of course, naturally 
a copy of his paper; I was also there when it was read, 
and they gave their cost and their purification accord- 
ing as they are set down in this report; they gave 
their purification as 75 per cent. on the tank effluent 
at Accrington. 


20872. Yes. Did you take the qualities of the 
effluent from the same standpoint?—From the same 
standpoint, because the two towns are very close to- 
gether and very similar. I think it is fair ; they are 
oly about six or seven miles apart, and they are both 
Lancashire mill towns. One is perhaps twice the size 
of the other, but that is practically ag far as I know 
the only difference. They are worked on very similar 
lines, and therefore I thought they were comparable. 


208735. (Colonel Harding.) Is your answer based on 
any experience of your own ?—No. 


20874. You have not tried any comparative experi- 
ments ?—No, sir. 

20875. With your own sewage, with percolating and 
contact filtration?—No, we have not fall enough ; we 


have often wished to do it; but we have not fall 
enough to do it. 


20876. What you are telling us is what you have got 
through every filter ?—What I am telling you is what 
we have got through every filter. 


20877. But in your answer to 20806*, the third part 
of the answer, you refer to the deposit of sediment on 
standing, even on admixture with rain water, as being a 
peculiarity of percolating filtration. In what cases 
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Mr. G@. H. have you found this ?—Merely in the cases where iron 20895. On the other hand, is there not a discharge 
Pickles, | salts are present; I think it often takes place. Aman in drawing in that way from the top—tfrom the surface 
A.M.1.C.E., from Hamburg, Dr. Dunbar, in reading his paper at of the septic tank ?—Oh no, the sill is two feet down 
and Glasgow, showed a number of cituen te which ae had below the water level. 
Mr. brought over, and they were all percolating effluents, axes ties : a . 
Raymond and they nearly all had sediment deposited in them. aie the se = i. BOOGIE mane Yes, si 
Ross, < ues Enon 20897. The sill is not in the tank itself ?-(Mr. 
PLC. _ 20878. You have no experience of your own! » Pickles.) We have really a scum bar, and the bottom 
FCS. sir, but it led me to think that it might be important 4¢ the scum bar is 2 feek below thetwaterdewel Macnee 
if that were the case as a rule with them. y 


20879. There are one or two questions I should like 
to ask you in regard to trade effluents. You have 
answered Questions Nos. 20709 and 20710, and I think 
we gather from those answers that you have had no 
serious trouble with trade effluents, provided they do 
not come to you in rushes, if the manufacturers send 
them down in a regular flow spread over the 24 hours 
you are quite ready to deal with them ?—Yes, sir. 


20880. And you tell us that where it is proposed to 
send a trade effluent into your sewers you make a 
special arrangement ?—Yes, sir. 


20881. Have you any general rule to guide you in 
making that special arrangement; your Corporation 
has not framed any rules?—(Mr. Pickles.) No, we have 
not ; we simply rely on the general Act, and when plans 
are presented of dye works and extensions we generally 
get a note put on the plan, and we have no difficulty in 
getting the owners to carry it out. 


20882. What do you ask them to do—settle solids ?— 
Well, as a rule we ask them to put in a tank, a measur- 
ing tank, if there is no great quantity of solids present, 
and then they pay the Corporation so much for treating 
the sewage, so much per thousand gallons. 


20883. You make a charge to them ?—We make a 
charge to them. 


20884.. But you. endeavour as far as possible to get 
them to send their trade effluent in a regular stream ?— 
Yes, sir. 

20885. And not to empty the tanks in rushes ?—No. 
Of course the object is really to keep control of trade 
effluents. 


20886. Have you formed an opinion as to the policy 
that you should follow; is it better that you should 
urge upon the manufacturers to treat their own, or do 
you think it is best that the Corporation should deal 
with trade effluents en bloc subject to certain conditions 
and charges ?—Well, in our case the works are very 
small, and I do not think it would be advisable to insist 
upon separate works being put up. 


20887. You think it is better for you to do it en bloc? 
- —Yes, as far as we are concerned. 


20888. Now, in regard to the suspended matter in 
your sewage, the average of which appears to ‘be very 
high—119 parts per 100,000. In your answer to Ques- 
tion 20711, I find that. That is a very high average ?— 
(Mr. Ross.) Yes. 


20889. You have a great deal of suspended matter ?— 
Yes, sir, we have. 


20890. On the other hand I notice that in your septic 
tank effluent you have succeeded in getting a reduction 
down to 3 to 5 parts per 100,000 ?—Yes, sir. 


20891. It seems exceedingly small, and a very success- 
ful result ?—Yes. 


20892. One is interested to know how you have 
obtained it. In most other cases we find that septic 
tank effluents carry away with them a much larger 
quantity of suspended matter—three or four times as 
much, and one is interested in knowing by what means 
you have accomplished this excellent result ?—Well, I 
think one great thing that has helped us towards it is 
putting in very large detritus tanks. You see we have 
very large detritus tanks. That takes up such an 
amount, having each of thn to be sludged every third 
week, so we get rid of a very great deal more of the 
heavier matter there than in the other tanks ; we have 
very long sills now; the sills extend the whole length 
of the tank—the outlet sills. I think that makes a 
great deal of difference, because it prevents not only the 
formation of currents, but any depth of water over the 
sill. 


20893. It flows over a very Phin film ?—It flows over 
a very thin film indeed. : 


20894. And there is a very small current ?—Practi- 
cally no current. 


really the sewage has to rise up under the scum bar. 


20898. You do not carry away what is floating on 
the surface ?—(Mr. Ross.) Oh no, sir. 


20899. Then what is the total capacity of your tanks, 
detritus, septic, and other, in relation to the flow; 
does it represent one day’s flow?—I think 28 hours; 
without the detritus tanks it is about 28-hours. 


20900. And with the detritus tanks?—It would be 
somewhere about 30 or 31; I could not say exactly. 


20901. Then you attribute the fact of your having so. 
little of the suspended matter in your septic tank 
effluent mainly to the fact that you have large detritus 
tanks which are frequently emptied and are not 
allowed to become septic #—Yes, sir. 


20902. And that you take the sewage from the septic 
tanks themselves in a very thin film ?—Yes, sir. 

20902*. (Mr. Power.) Your septic tanks, do you 
sludge them frequently, as well as the detritus tanks ?— 
The septic tanks will now only be sludged once a year. 


20905. Once a year ?—I think they will be only; of 
course we cannot quite say, because we have not run 
long enough with these new tanks. 


20904. And your septic tanks that you haye been 
using formerly you have been sludging every six months, 
because they have been smaller?—(Mr. Pickles.) We 
have been sludging every six months, but we hope to be 
able to run 12 months without sludging, but still at 
present we cannot say definitely whether we shall be 
able to do so; we may possibly have to sludge every six 
months still. 


20905. And when you sludge the septic tanks you 
clear them completely, do you ?—Completely. 


20906. (Colonel Harding.) The question Mr, Power 
puts to you raises a very interesting point. You say 
you sludge, and you are proposing to sludge at longer 
intervals; you say you have been sludging at six 
months, and you hope to reach an interval of 12. 
When you do sludge you hope to bring everything away 
altogether. Am TJ right ?—(Mr. Ross.) Yes, sir. 


_ 20907. Do you not find a new septic tank takes some 
time to mature and reach full septic conditions >—We 
have side sluices. 


20908. And therefore, after fully emptying a septic 
tank, you pour into it some septic sludge for the pur- 
pose of inoculating it ?—Septic liquor rather than septic 
sludge. 

20909. Septic liquor P—As little sludge as possible. 


20910. Do you find in that way that on re-starting 
septic conditions are rapidly reached P—Yes, sir. 


20911. Is there any inconvenience in emptying a 
septic tank at long intervals, say after six months or 
12 months, in this respect—that you are having a 
constantly varying capacity? If you find a certain 
capacity to be necessary, that capacity of course is 
being reduced, so that at the end of six months or 12 
months it may be the capacity is only half, and there- 
fore the flow is double. Would it not be better—I mean 
theoretically—instead of emptying at long intervals, to 
empty very frequently some portion of the sludge out 
of the septic tank, daily or weekly if it were possible ?— 
In one sense it rather, balances itself. Supposing we 
empty say once a year, and we have 17 tanks; these . 
tanks would be sludged in such rotation that the process 
of emptying would occur at intervals, so that the 
capacity of the tanks is very much the same through- 
out. As we are sludging No. 1, No. 17 has just been 
sludged; then we turn to No. 1, so that the tanks are 
always somewhere about the same capacity. Of course, 
one is at its maximum age and one ts practically new, 
s9 eo are always going round them. 


20912. Still in regard to the individual tank, the fact 
remains that in that case the flow is much greater 
when the tank is full of sludge P—Yes, sir. 

20013. And it might at least be theoretically desir- 
able to maintain a constant capacity by emptying some 
sludge out frequently ?—I think it would be desirable 
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that we should, if we could, get the sludge pumped 
without emptying at all; I think it would be the very 
greatest blessing; the only difficulty is that it so inter- 
ieres with the work of your presses. You cannot always 
get sufficient for pressing, and the things do not run as 
regularly and as economically from a pressing point of 
view necessarily ; they may or may not. 

20914. How many tanks have you altogether ?— 
Seventeen, sir. 

20515. Instead of your presses depending upon the 
emptying of one of the 17, it would come to the same 
thing if 1-17th of each was taken off more frequently, 
would it not?—It would mean a lot of opening of 
valves. 


20916. But you agree that it would be desirable if it 
were found practicable ?—If it were found practicable, 
and practical too. 

20917. And maintain a constant capacity in the septic 
tanks?—And, if you could, mix the lime with the 
sludge. 

20918. You have not estimated the digestion ?>—We 
lave not had gaugings sufficiently accurate to be able 
to do so. 


20919. At least you have formed the opinion that 
there is not a complete digestion of the suspended 
matter in the septic tanks ?—Oh, no. (Mr. Pickles.) I 
may say with regard to the periodical sludging of the 
tanks that we did attempt at one time to sludge fre- 
quently—that is, without emptying the tank by draw- 
ing off the sludge by a sluice at the bottom of the tank ; 
but we found that there was so little sludge came away, 
and that we got so much sewage with it, that it was not 
practicable in our case. 


20920. The amount of lime that you add to the sludge 
appears to be very considerable?—(Mr. Ross.) Yes, it 
is; it will not press without it, unfortunately. 


20921. Adding that very large quantity of lime to the 
sludge, you have no trouble at all?—No, sir, no trouble 
at all; we get very good cake, very solid and firm. 
(Mr. Pickles.) We attribute the success partly to the 
thcrough admixture of the lime with the sludge. 


20922. (Sir William Ramsay.) I was going to ask you 
how is the mixture made ?—In sludging the tank the 
sludge is pumped from the tank into the detritus tank, 
and lime is added at the inlet. 


20923. So that it mixes very thoroughly on its way 
in?—It mixes very thoroughly on its way in; it is 
really twice mixed. I think we explain that fully in 
our evidence. 


20924. (Colonel Harding.) Let me pass on to the 
question of the contact beds. You tell us that you 
think the size of the contact beds should be as large as 
may be conveniently filled in two hours P—Yes, sir; one 
and a half to two hours. 


20925. Would it be an advantage to do it in a shorter 
period >—One and a half to two hours we have found 
most convenient, so that we can have the whole flow of 
sewage on one bed. 


20926. But if you had a unit which you could fill in 
one hour would you not have the advantage of a longer 
period of rest?—You see the sewage varies, and we 
keep our larger beds for the larger flow. 


20927. Still, the fact remains; would there not be an 
advantage in having your beds of such size that you 
may fill them in a shorter time than two hours ?— 
(Mr. Ross.) I think it would be good that way if we 
were able to work more than twice a day; if we were 
able to fill our beds more than twice a day it would be 
an advantage, but I think if we fill our beds oftener 
than twice a day we do not get a good effluent ; it seems 
it will not go. 


20928. Because you do not get then sufficient periods 
of rest?—Yes. There would be an advantage. You see 
the beds have plenty of rest the way we work them. 


20929. Filling only twice a day, what is the length of 
the cycle 12 hours?—Of course, it is always varying 
with the weather; in dry weather, such weather as we 
are having now, it would take 15 hours to fill the beds 
once, 


20930. You mean 15 hours for a cycle ?—Fifteen hours 
for a single cycle, just to fill our contact bed once. 


20931. Then there are times when it takes you much 
tonger than two hours to fill a bed?—Yes, there are 
times when it takes us much longer, but then we should 
use the small beds in dry weather like this. 
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20932. It occurs to one if you could fill your beds much 
more rapidly, in one hour say, it might give you 
that hour for valuable rest ?—I do not think we should 
materially gain, because filling only twice we have a 
sufficient period of rest. 


20933. What period of rest do you have ?—Well 
20934. Six hours ?—Yes, six to eight hours altogether, 


20935. And that you think is sufficient ?—I think it is 
aufficient, yes. 


20936. So that with two fillings a day you think the 
unit should be such as may be filled in two hours ?—It 
has worked very well and very conveniently. 


20937. Now on the question of the reduction of 
capacity of contact beds you have given us certain very 
interesting figures, but what interests me particularly is 
that you have given us from actual experience of your 
own the cost of washing the material of the bed ?— Yes. 


20938. How long now do you think it would be pus- 
sible to run your contact ‘beds before you reach the 
necessity of washing out the material; how many 
heels Pickles.) With what has been washed, 
sir f 

20959. No. Suppose you put down a new contact 
bed ; how long do you expect you would be able to run 
it before you reached the necessity of washing the 
material ?—If the bed is screened and washed in the 
first instance, as we advise, we think that it would last 
certainly for seven years. 


20940. For seven years ?—Yes, if not longer, 


20941. (Mr. Power.) A primary bed are you speaking 
of now ?—A primary bed, yes, sir, Y 

20942. (Colonel Harding.) The secondary bed I sup- 
pose will last much longer? — (Mr. Ross.) ‘Probably 
twenty, I think. (Mr. Pickles.) We do not propose to 
wash the secondary beds. 


20943. Then you think that will not be necessary P— 
We think not. 


eee ae down to what point do you propose to 
reduce the capacity before you wash it ?_(Mr. s. 
About 30. : SS eee 


20945. Do you mean 30 per cent.?’—-No, I mean 
about 30 gallons per cubic yard. 

20946. Well, then, turning to the table that you 
have given us in connection with your reply to our 
Question 20783 you there speak to us of contact bed 
No. 5, and you say that the capacity originally, in 
June, 1904, was 79 gallons per cubic yard ?—Yes, sir. 

20947. And that that was reduced down to about dO, 
I suppose ?—49-22, on February 23rd. 

20948. Within what time; June, 1904, it was 79; 
when does it reach 30°?—It has not reached 30 at all 
yet. (Mr. Pickles.) The last gauging on February 23rd 
was 49°22, 

20949. Then after nine months it has fallen from 7 
to 49°—(Mr. Ross.) Yes, sir, = 

20950. Nevertheless you think before it reaches 30 it 
will be seven years ?—I do, because we have one now 
that was not screened or washed, that has been working 


over seven years—seven years last February: that sti 
stands at 24. =| y; that still 


20951. That is an instructive and interesting experi- 
ment, and we gather from you that under your condi- 
tions you may work your primary contact beds for seven 
years before you reach the necessity of washing, and 
that when you do wash, from the experience you have 
actually had it will cost you a shilling per cubie yard? 
—That is so. 2 


20952. That would point, would it not, to the fact 
that in many cases it would not be necessary to so com- 
pletely clarify sewage as to reduce the suspended matter 
to an absolute minimum ?—Oh, quite, yes. 

209535. That you can deal upon contact beds with. in 
yeur case, you think, 5 grains ?—Five parts per 100,000 


20954. Five parts per 100,000 for seven y for 
needing to wash BS sir, wise er 





20955. That is a very small quantity °—Well, we 
have had far more than that going in during these 
experiments, because these new tanks have only just 
been completed; these new tanks have only been work- 


me few months, so all these are worked with the old 
anks. 


20856. What quantity of suspended matter ?—The 
suspended matter would be about 15 in this case. 
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good as it should have been. We have had a lot of 
destructor refuse, which was by no means properly 
burned, and other clinker. Well, you could rather 


Mr. G. H. 20957. Fifteen r—Twelve to 15. 


Pickles, 20958. Would it not be about the average through 
A.M.I.C.E., the life ?—Twelve to 15 throughout all these gaugings. 


call it ashes than clinker; and I think if you have 

Bae 20959. Are we to take that in your experience— real clinker, properly screened and washed, | that the’ 
Raymond putting 15 parts per 100,000 on to a filter it will last consolidation .will be to a very great extent minimised. 

Ross, for seven years ?—It will last for seven years. 20977. Then the consolidation naturally would be 

PIC., 20960. And then it can be washed out at a shilling Jess with material of a fine size to begin with which 


per cubic yard ?—Yes, sir, but the cost is not included 
in that shilling; the cost of the material which would 
replace that which is screened out. (Mr. Ross.) Well, 
the cost of carting; the cost of washing and screening 
the extra material required is included, but the cost of 
collecting and carting the material down to the works is 
not included. You see you have a certain amount of 
waste, when you clean a bed, that has to be replaced. 


20961. But you include the primary ?—-We include 
the primary, but not the carting. 


20962. That would not very materially modify the 
figure?’—(Mr. Pickles.) Oh, no, sir. In this table the 
bed worked continuously, and that is filled twice a day 
for six months without any periods of rest; we did not 
allow it any period of rest during that time because we 
waited to see really what reduction took place. 

20963. (Mr. Power.) Have you a fine layer on the 
surface which you remove from time to time ?—(Mr. 
Ross.) No, sir; we have troughs, wooden troughs, and 
we can sluice those off at the back on to a small land 
area, 


20964. You have not in this respect adopted the Man- 
chester plan P—No, sir. 


20965 Was this particular filter never filled more 
than twice a day, or did it take a chance with the 
others P—Twice every day whatever happened—it was 
always filled twice every day during the whole time. 

20966. But not oftener ?—Not oftener, and never less. 
(Mr. Pickles.) We have a photograph which may be of 
interest (handing in photograph). That just shows the 
surface of the bed. 


20967. (Colonel Harding.) What is the age of the 
cldest bed P—Seven years last February. 


20968. At times of storm, when the flow through 
your septic tank rises to three times the normal, do you 
not gx5 necessarily a much larger quantity of suspended 
matter going on to the filters?—(Mr. Ross.) Oh, yes, 
sir; yes, we do, 

20962. It is rather curious that in your earlier 
answers it would seem that in storm times there is very 
little increase, if any increase, in the suspended matter ? 


—It went up to 9 on the occasion of a four hours’ 
storm, 


20970. In your answer to Question 20757 ?—It went 
up to § as far as I remember, did it not? 


20971. In your answer to Question 20757 you tell us 
that at such times suspended solids averaged from 4 to 
9°6 parts per 100,000?—Yes, to 9-6 parts per 100,000. 
That was taken during a storm; we could not take any 
number of these for your Commission, because we had 
not time after getting the questions; but we took the 
first opportunity of a storm to take a sample, and 
simply gave these figures; I am afraid they are not the 
average which J should have liked them to have been 
if we had had time, 


20972. Accounting for the reduction of capacity in 
contact ‘beds, you give, and very rightly give, great 
importance to the question of disintegration and con- 
solidation of the material itself ?—Yes. 


20973. You do not think that the loss of capacity of 
contact beds is by any means due entirely to the 
indigestible or undigested matter coming down with 
the sewage P—Yes, sir. 

20974. That is an important factor ?—It is an im- 


portant factor, but not so important as the other; the 
material is very important. 


20975. The consolidation of the material must be due 
very largely to the fact of material being of uneven 
size, so that the smaller pieces work in between the 
larger and so tend to form a solid mass?—In a well- 
constructed bed I do not think there is so much con- 
solidation as one would expect. 


20976. But you say in your answer that consolidation 
and disintegration account alyhost entirely for the re- 
duction P—Accounting almost entirely for the reduc- 
tion: none of our material has been perfect till quite 
lately. Idonotthink it is perfect now ; it has not been as 


would not disintegrate ?—Yes, sir. 


20978. So what you have to aim at is to get material 
of fine size, and such material as is likely not to dis- 
integrate ?—Yes. 


20979. You appreciate the great value of that ?— 
Very great. (Mr. Pickles.) Yes, sir. ‘That 1s one 
reason why we have adopted the washing for new beds. 


20980. (Major-General Carey.) I want to ask a few 
questions on Question 20723. Is any difficulty experi- 
enced in filtering three times the dry weather flow on 
the contact beds with septic tank treatment ?—(Mr. 
Foss.) Na, sir, we can do it easily. 


20981. Is that owing to your efficient precipitation in 
the tanks ?—I think we should do it anyway fairly effi- 
ciently. When we had a much smaller flow and more 
suspended matter we still got equally good results, but, 
of course, we were inclined to fill our beds to a greater 
extent ; I think that is simply about the state of it. 


20982. Are the present provisional requirements of 
the Local Government Boad complied with as to treat- 
ment of the storm water over three times the dry 
weather flow, either in special storm beds or on land, 
or on both combined ’—We treat everything that arrives 
at the works now ; we can treat everything one way or 
the other. 


20983. You are aware of the provisional require- 
ments of the Local Government Board ?—Oh, yes; we 
can do that; we can treat three times the dry weather 
flow on contact beds. 


20984. And over three times ?—And over three times 
we can turn on to big land areas, and we do not run it 
through the roughing filters as they say, but we store it 
on these land areas and then run it on to storm beds, 
where we hold it in contact because we cannot get 
satisfactory results by running it through a roughing 
filter at all. We can keep practically all our effluent 
under the Ribble Joint Committee’s standard by treat- 
ing it in that way. 


20985. Then the result of your treatment in this way 
has been so satisfactory as not to require any modifica- 
tion of the provisional requirements of the Local 
Government Board /—Well, I see your point. I think 
it depends very much how you look at it. I do not see 
why we should not treat three times the dry weather 
flow, but I do not see why we should take six times the 
dry weather flow down to the works at all. 


20986. That is another point /—Well, that is part of 
the requirements. That is really where we should 
differ from them. It hardly comes in there, but it does 
make the difference why should more than six times in 
fact come at all any more than six times the whole, the 
sewage becomes so dilute. 


20987. That we will come to presently, but at all 
events the answer to my question is that with the ex- 
ception of the number of dilutions, assuming you have 
to treat so many dilutions, no modification of the re- 
quirements is required ?—Except as regards method of 
treatment, which I think would be. unsatisfactory. 
That is, if you are going to pass it through a roughing 
filter, I do not think you would get a satisfactory 
effluent. 


20988. I think the requirements do not restrict you if 
put it on land as you'are doing here?—We are only 


holding it up on land; we are not filtering it through 
Jand. 


20989. Or land in combination with second contacts ? 
—Or land in combination with second contacts; in 
storage ; the land simply comes in as a storage tank; ii 
is not really land treatment. 

20990. Then Question 20728, in order to determine 
the number of dilutions at which storm and sewage may 
be passed into a stream, do you consider that the same 
mode of procedure should be adopted as in your reply 
to Question 20810 as to standards. There you say the 
standards to be adopted might be arrived at by mutual 
arrangement between the river authorities and the loca} 
authorities ; in case of dispute the matter should be 
referred to the Local Government Board or some speci- 
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ally constituted authority for arbitration. Would you 
suggest that the same mode of procedure should be 
adopted in fixing the number of dilutions. If not, who 
is to determine the number of dilutions ?—I think you 
would determine from the strength and general condi- 
tions of the sewage of the borough how much albu- 
minoid ammonia, dissolved oxygen, and so on, should 
be present in the final effuent ; that would be your fix- 
ing the standard ; you would fix chemical standards. 


20991. I am not on standards now; I am on dilu- 
tions; Question 20728 ?>—After how many dilutions you 
should be allowed to run it into the stream ? 


20992. Who is to determine the point ?—I suppose 
the rivers authority would be the first people to deter- 
mine what they consider suitable for the state of their 
river, and if the chemist in charge advised his corpora- 
tion, or surveyor in charge advised the Corporation, 
that the demand was unreasonable, then the matter 
would be sent for reference. 


20995. Practically the same mode of.procedure ?— 
Practically the same mode of procedure. 

20994. It would be by mutual arrangement ?—By 
mutual arrangement ag far as possible. 


20995. Between the lecal authority and the rivers 
authority ?—Yes, as far as possible and when possible. 
I might say in that respect that I do not think our river 
authority would raise any objection to it. Under cer- 
tain circumstances, from what I have heard from Mr. 
Halliwell, I think he would be rather glad, provided all 
the first water were taken. That is what I think he 
objects to mostly, the first runs. Then, provided that 
were dealt with, that after the storm had continued 
for some time, and the stream had had time to rise to a 
definite height, that the remainder should go in. 


20996. It could not be left optional with the local 
authority ?—Oh, no. 

20997. It would have to be sanctioned by a higher 
authority ; by the Local Government Board, or some 
other authority ?—I do not think we are sufticiently 
accurate for that, sir. 


20998. (Mr. Power.) Do you not say that here in your 
particular circumstances, you think you get the wash- 
ings of the streets and the yards delivered at the works 
before you ever get six times the dry weather flow 
there ?—_Yes, I think we do. 


20999. And as matter of fact you have never dealt 
with six times the dry weather flow?—No, we cannot 
get the whole six times; before we get our drains full 
really it comes to our works. In our case before our 
drains are full it means such a short flow down to the 
works, and the town being both paved and hilly the 
streets are washed in a very short time indeed, and 
consequently it must arrive at the works before the 
drains become surcharged. 

21000. You get a flood, as it were, at your works 
before there.is any obvious flood in the stream into 
which your works discharge ?—Long before. 


21001. (Major-General Carey.) Now, Question 20733. 
On a separate or partially separate system, does not a 
considerable volume of foul surface water from roads 
pass untreated into your stream ?—(Mr. Pickles.) Yes, 
undoubtedly. : 

21002. Which is objectionable ?—Which is objection- 
able. 

21003. And you have no means of treating it P—No, 
there are no means of treating it. Of course, we have 
not found any nuisance to arise from it, but certainly 
on must admit it is objectionable. 


21004. No complaint has been made ?—No complaint 
has been made either from the Rivers Board or from 
anybody else. . 

21005. It may be very polluting, of course, the first 
washings of a road ?—I admit that, sir, yes. 


21006. Then do you suggest that a separate or par- 
tially separate system should be carried out in an exist- 
ing sewerage system?—Well, we have carried a par- 
tially separate system out in an existing system. 


21007. In Burnley ?—In Burnley, because, owing to 
the hilly nature of the town and the streets being 
paved, of course we get a lot of rainfall; the surface 
water is discharged into the sewers so quickly that the 
sewers become surcharged, and that causes flooding in 
the lower part of the town—in fact, not only in the 
lower part of the town, but in many parts of the town. 
The Local Government Board sanctioned a scheme for 
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partial surface drainage. That has been mostly carried 
out, and it has completely cured those parts. At the 
same time I should not like to advocate the taking out 
of all the surface water, because we find that it is 
necessary to turn part of the surface water into the 
sewers in order to flush them. But from observations 
that I have made, and from the experience I have had 
in dealing with this, I think that there would probably 
be just as much harm done in our case—in fact more 
harm—in making sewers large enough to take all the 
surface water than in having them too small, because 
if you get them too large of course you do not get the 
self-cleansing velocity. 


21008. Now, Question 20753: “ How do you think the 
sludge should be taken out of the tank, and how should 
it be disposed of?” Does any nuisance attend the 
operation of removing the sludge from the septic tank ? 
—Noft, at all, sir. 

21009. You have never found that any nuisance has 
been caused ?—We have never found that any nuisance 
has been caused. 


21010. Is the supernatant liquid sent back for treat- 
ment or discharged into the stream ?—(Mr. Ross.) It is 
pumped back. (Mr. Pickles.) From the tank it is 
pumped back into the inlet channel, and it goes 
through the tanks again. 


21011. That is what I want to know?—After the 
sewage once arrives at the works we cannot discharge 
it into the stream until it has yene aown to the farm, 
and either passed through the contact beds or through 
what we call the storm bed, which is also a second 
contact bed. 

21012. In your reply to Question 20768 you say there 
is a saving of 60 per cent. effected by contact septic 
tank treatment as compared with chemical ?—That is 
our experience. 

21013. Now, Question 20779: Is 27 to 30 per cent. of 
the original water capacity of a bed a fair reduction in 
order to estimate the net average working capacity ? 
You say you take 45 gallons per cubic yard per filling. 
That works out at 27 per cent. of the original water 
capacity ; for the average working capacity ; that is te 
say, for the reduction caused by the filtering materia! 
being put into the bed, and then for loss of capacity 
afterwards ?—Yes, sir. 

21014. And that 27 per cent. of course may vary a 
little, I think from 27 to 32 in other cases; but 27 per 
cent. in your case is a fair average reduction to establish 
working capacity ?—Yes, we think so. Of course, we 
know that in many of our beds which we are now wash- 
ing there has been a much greater reduction. Still, 
these beds have not been washed or screened, and we 
think we shall be able to maintain this. 


21015. In your reply to Colonel Harding you said 
that the life of the bed can be maintained by washing 
the material at certain intervals; is that so?—(Mr. 
Ross.) Yes, sir; and I think, further, that the material 
that would disintegrate in the bed has actually disin- 
tegrated, and that therefore its second life ought to be 
longer still. That is, the oftener you screen a bed the 
better the residual material would be. 


21016. Would you expect after screening and washing 
the material to recover the whole of the original capa- 
city >—No, sir, no; what will disintegrate disintegrates, 
but there will come a point presumably at which the 
disintegration will be a minimum, where it will reach a 
minimum, and I fancy when that minimum is reached 
that the life of the bed will consequently have arrived 
at its maximum, which is considerably greater than it is 
under the present circumstances. : 





21017. Have you estimated the cost of renewing the 
filtering material for beds per cubic yard ?—Entirely 
throughout, you mean; entirely new material ? 

21018. Entirely new material?—(Mr. Pickles.) Re- 
newing ? 

21019. Renewing ?—It would probably come to about 
4s. per cubic yard. 


_ 21020. (Mr. Power.) For renewing ?—This is includ- 
ing the cost of washing; that is the cost of the ashes, 
collection of ashes and washing and screening, about 4s. 
per cubic yard. 


21021. (Colonel Harding.) But we gather from yout 
answer to General Carey that you think it would be far 
better to wash the old material than to use new ?— 
(Mr. Ross.) Much better. (Mr. Pickles.) I understané 
the question is what is the cost. i 
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21022. (Major-General Carey.) Of renewing /—Of re- 
newing, yes. 

21023. If you have to renew the material ; if you do 
not find washing the old material produces the effects 
you anticipate ?—Well, we think the washed material 
would be far better than the new material. 


21024. Have you got any actual experience ?—~(Mr. 
Ross.) We have got over 12 months of a washed bed. 


21025. Of washing ?—Yes. 
months of a washed bed. 


21026. After the bed has been at work ?—This bed 
has now been at work since June 15th; nearly 12 
months, you see, it has. 

21027. Using washed material ?—No, that material 
has been washed. The bed has been working for some 
years, but on June 15th it was restarted as a washed 
bed, and since then it has been working constantly, and 
has given very satisfactory results, so that we have 
nearly a year’s experience with a bed constructed of 
washed material—washed and rescreened material. 


21028. Do you think you are justified in accepting 
that the life of a bed can be maintained by screening 
and removing the material and washing it and putting 
it back ?—And fil\:ng in from new material what has 
been taken out and rejected, yes, sir, I think so. 


21029. (Sir William Ramsay.) I have only one or 
two questions to ask. What is a tank #-(Mr. Pickles.) 
A tank is really a cess-pool. At one time in Burnley 
they were on the tank system, and instead of having the 
ordinary pail closet, as in most places, there was a wall- 
tank, or in some places an earthenware tank let into 
the ground, which was practically a septic tank. It 
had an overflow connected with the sewer, and this was 
allowed to be used until it got full, and then, of course, 
it had to be scooped out, which was a very filthy pro- 
cess. I am very pleased to say there are very few of 
those left now of either the pail or tank. 


21030. Referring to Question 20716, have you made 
any experiments, Mr. Ross, in the way of getting at: 
the strength of sewage by the quantity of oxygen re- 
quired to oxidise it? You state here that you prefer a 
full analysis?—(Mr. Ross.) Yes. 


21031. But have you made any experiments with re- 
ference to the quantity of oxygen required to oxidise it? 
—We have simply done the three minutes permanga- 
nate and four hours permanganate; we do these regu- 
larly. 

21032. And not shaking up with oxygen?—I have 
done a considerable number of dissolved oxygen, a very 
large number, of which the figures, I think, have been 
supplied to you. I think there were about 270 or 280, 
and they were taken specially for it, filled into big 
Winchester quarts, so as to have a large quantity 
stoppered carefully down, and done as soon as possible 
both before and after incubation, as suggested by Dr. 
McGowan, at various periods. 


21033. Would you not think that was really sufficient 
to give you a general idea of the nature of the sewage 
when you are working with very much the same sub- 
stance ?—I think it would if you are going to fix your 
standard knowing all about your sewage to begin with, 
and not going to make it a definite standard for every- 
body’s sewage; I think so. 


21034. For your own works it would suit ?—For our 
own works I think it would do; but then you want to 
know all the circumstances in connection with the 
works before you could fix the standard which was 
required. 

21035. Naturally, yes, I quite agree. What sort of 
chemical poisons did you test for ?—Well, we know all 
the trade effluents that go into the works. 


21036. There are none?—No, there are none, unless 
you choose to include gas liquor; of course, that is 
nothing. 


21037. Referring to Question 20723, in which you 
speak of these land areas, I suppose it is not necessary 
to puddle those or to make them artificially ; the clay 
is sufficiently mnon-percolating?—They are under- 
drained, but it does not matter if they do go through ; 
it would only be land filtration in that case. But so 
litle goes through that it is not worth troubling about. 


21038. What is a leap weir?—That is used in 
connection with a storm overflow. It is really when 
the quantity of sewage arriving’ at a manhole attains 
« certain velocity, it leaps over the channel into 
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the storm overflow, whereas if there is a small flow 
it has not attained that velocity, and drops down into 
an intermediate channel which carries it away to the 
sewer. 


21039. Another question on Question 20729. Does the * 
delivery of the surface water into the canal not foul 
the canal very greatly +—Well, we have had no com-_ 
plaints. There is a lot of suspended matter goes into 
the canal. 


21040. But nothing that makes it smell?—No. (Mr. 
Ross.) I think the canal people are glad to get the 
water in our part. (Mr. Pickles.) And in the canal the 
water is constantly moving. 


21041. The canal in no sense acts as a septic tank? 
—Oh, no, sir. There are so many locks on the section 
that the water is admitted at the high portion, and the 
water in the channel is gradually moving until it gets 
its outlet at the other end. 

21042. Then at the end of Question 20733, I should 
like to ask is the river sludging at all in its lower 
reaches ; is there any sign of sludging?—Oh, no. Of 
course, the river throughout the town is paved in the 
bed. You see they have a very small flow, and rather a 
quick velocity, and the sides of the river bed—in fact, 
both rivers— are pitched, sloped to the centre, and then 
an invert formed. Well, in ordinary weather, the in- 
vert, which is about 4 feet 6 inches wide, is quite suffi- 
cient to contain all the water coming down. 


21043. And that gets scoured out by the water ?— 
That is scoured out. 


21044. It has got a smooth bottom practically }— 
Well, practically; the flow varies so much that in- 
stead of allowing it to run in a thin film over the whole 
width of the stream, about 30 feet wide, in which case 
there would be no scouring, it is thrown to the centre, 
and carried by an invert. That is really to prevent 
anuisance. (Mr. Ross.) It is very hot sometimes, that 
is one thing. (Mr. Pickles.) It is used for condensing 
water. (Vr. Ross.) It is used for condensing water, 
and gets very hot. 

21045. You state, in answer to Question 20794, to use 
contact beds as streaming filters would be very detri- 
mental to the subsequent working of the bed; is that 
an answer given from some experience /—To a certain 
extent it is, sir. We have never been able to obtain 
any satisfactory results from streaming filters really 
at all. 

21046. May I put it in this way: does it spoil the 
contact bed, or is it insufficient as a streaming filter P— 
Well, I was going to answer it in this way: we tried 
two contact beds, first and second contact, and then we 
tried constant streaming for a considerable period. We 
got very poor results indeed. I think we tried it for. 
nine months, with two half-acre beds, and then we 
converted them back again, and it took a very long 
time before either of the beds got into anything like 
condition, two or three times the time that is usually 
taken to get a bed into condition. 


21047. You have answered both parts of my ques- 
tion, both as to the beds and as to the sufficiency of the 
filter ?—Yes, sir. 


21048. In answer to Question 20807 you say that a 
contact bed effluent is superior to an effluent from a 
percolating filter. It is the second reason I wanted to 
ask you about. “The organic matter present in it is 
less putrescible than that present in a percolating 
filter effluent without subsequent straining, and conse- 
quently call is made on the nitric_nitrogen.”’ And also 
you go on to say, “The purification effected in strong 
sewages by double contact is considerably greater than 
by a percolating filter.” Well, we have heard the 
answer to No. 3, but about No. 2. How did you 
manage to make the comparison as regards the putres- 
cibility of the organic matter ?—I have not had a great 
number of these effluents myself, but I have had a 
certain number, mostly sent at my request by friends, 
and some few sent in in other ways, and I have always 
found that with a percolating filter the dissolved oxygen 
is taken up very much more rapidly than it is with a 
contact bed effluent to a given point. After that point 
it does not go on as rapidly, but there seems to be an 
avidity for oxygen in the first rather short period. 


21049. That is precisely what I wanted to find out— 
how you applied the test ?—That is the way; I have 
tried it by hourly sample in that way, taking it each 
hour; and I have always found the few experiments, 
they are not a great number, but the few I have tried 
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‘have undoubtedly pointed to the fact that there is an 
avidity in a percolating filter effluent which is not 
noticeable in the second contact. 


21050. Does it refer really to the liquid poition only ? 
—That I cannot say. 


21051. Have you tried it both ways P—No. 


21052. It applies to the mixture containing solids ?— 
I have simply taken the effluents as I have received 
them, without filtration in both cases; I have not 
filtered them. 


21053. Then in reply to Question 20814 you make the 
statement: “The albuminoid ammonia is still a more 
_ useful figure for judging the amount of treatment that 
the sewage is likely to require, or the amount of un- 
fermented organic matter present in an effluent.” 
Might I ask you how you come to that conclusion ?— 
Well, it seems to me that where you have a concen- 
‘trated sewage in the ordinary sense—that is to say, a 
“concentrated house sewage—you will have a very high 
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albuminoid ammonia undoubtedly, will you not? Of 
course, where you have trade effluents they will be 
shown by the oxygen absorption in three minutes, so 
that you have got a guide in those two figures as to the 
amount of house or domestic sewage as against the 
amount of trade effluents which are probably present in 
the sewage which you are examining. 


Mr. G@. H. 
Pickles, 
and 
Mr. 
Raymond 
Ross, 
ICG, 
JIMORS 


21054. But surely you are speaking merely of trade 9 May, 1905. 


effluents which absorb oxygen readily ?—Of course, one 
cannot say that it is any trade effluent. 


21055. Any trade effluent >—Any trade effluent. 


21056. In your particular case the trade effluents 
absorb oxygen readily ?—In our particular place there 
are practically none that do absorb oxygen readily, but, 
for instance, in Manchester it is the opposite way 
round. No, that is just where the difference in the 
sewages would be found out by the difference in the 
analyses. In our case it is practically a domestic 
sewage. 
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BURNLEY. 


Appendix to Evidence of Mr. G. H. Proxies and Mr. Raymonp Ross. 


& 
lables showing average analyses of sewage, septic tank liquor, and filter effluents 


at Burnley, January, 1903—December, 1904. 


PROCESS OF TREATMENT: 


Septic Tanks and Double Contact Beds. 


v6. APPENDIX: 
























































BURNLEY. 
January, 1903. 
SewacE— 
Average daily flow - - - — - Rainfall - . : - 0°15 inches. 
Maximum daily flow - - — : Rainfall - - - -. 9 ROG 
Minimum daily flow - - : — - Rainfall : - - - - 0 DOS 5 
Average Analysis of Sewaye. 
athe acs | Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - - - - - — —- | — 
Albuminoid Nitrogen - - - - - - — -— — 
Nitric Nitrogen - - - - = — — 
Chlorine - : - - - - - peep ~-- _- 
Oxygen absorbed from KMnQ, in 4 hours - - - oo - 
Dissolved Oxygen taken up in 24 hours © - - - - — — —- 
Suspended solids - - “ 2 x 2 te = = 
Number of samples analysed for the average = 
SEpric Liquor— 
Average rate of flow through the Tanks — - - - - - - - = 
Amount of Sludge dealt with during the month - - - - -|— 
Average Analysis of Septic Liquor. 
a Best. Worst. Average. 
| 
Ammoniacal Nitrogen - - - - - - : ae "494 10°290 2°661 
| @ 
Albuminoid Nitrogen - - - - - - - Sia "181 655 "456 
Nitric Nitrogen - = : : - - - $- : | * 3448 O579 “1271 
Chlorine * =a ee AGEL Leet eB) 60 9°2 74 
Oxygen absorbed from KMnO, in 4 hours - : - oa 3°830 7-400 6°062 
Dissolved Oxygen taken up in 24 hours — - . - ov, —- — — 
| 
Suspended solids- - - - | svn pie me cee — — = 
Number of samples analysed for the average = 20. 
FILTERS— 
Number of times Primary Beds were filled during month : - - 62 Average filling - 2 
Number of times Secondary Beds were filled during month — - - - 62 Average filling - 2 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours - — 
Average Analysis of Filter Exituent. 
a Best. Worst. Average. 
Ammoniacal Nitrogen - : - - - - - 032 2°263 ‘460 
Albuminoid Nitrogen - = - - - - = : 028 “120 OBS 
Nitric Nitrogen - -  - - Say te ae 11912 ‘5O72 "7524 
Chlorine ---) --) # =o, = ne eee ee! 6'8 90 79 
Oxygen absorbed from KMn0O, in 4 hours - - : - "350 1°339 "702 
Dissolved Oxygen taken up in 24 hours - - _ — — 





Suspended solids - 2 . E E : - es : =a af 








Number of samples analysed for the average = 20. 


* This exceptionally high figure was due to the presence of some nitre in the sewage which had probably been used 


April 1Bth. 1903 f for pickling purposes. 
pril 15th, f 6 


faymond Ross, FIC. 
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BuRNLEY—continued. 








February, 1903 























Dissolved Oxygen taken up in 24 hours - - - - — 


Suspended solids - - - a * ‘ Z : 7 





SEWAGE— 
Average daily flow - : . — - Rainfall - - - - - 0°13 inches 
Maximum daily flow - : — - Rainfall — - - : - mA 12", 
Minimum daily flow - - Sry — - Rainfall —- . - - mero.) 5, 
Average Analysis of Sewage 
Ae Best. | Worst. Average. 
Ammoniacal Nitrogen -- - 2 Ai: > - - - <= = me 
Albuminoid Nitrogen - =e. - - - = S- a = ss 
2 poy SS Se Se sh es = 
Chlorine - 5 - : : : 2 - sa as 
Oxygen absorbed from KMnO, in 4 hours - - —- — = 
Dissolved Oxygen taken up in24hours - - -~— - — = — 
Suspencetmpiare et = ew — ae -- 
Number of samples analysed for the average = 
Septic Liguor— 
Average rate of flow through the Tanks i oe - - _ Sa 
Amount of Sludge dealt with during the month - - - - — 
Average Analysis of Septic Liquor. 
reamed | Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - - . - = - 0°741 2°056 1°487 
Albuminoid Nitrogen - - - - - - - - 07197 ° 0°461 0°334 
Nitric Nitrogen - - - - - - Ws 0°1006 0°0575 0.0743 
Chlorine = xs - - - a = =, = = 6°4 8°38 75 
Oxygen absorbed from KMnOQ, in 4 hours. - : = - 4998 6°742 6°081 
Dissolved Oxygen taken up in 24 hours” - - - : ae a4 a 
Suspended solids - sleet fe = S : : e avs Pe om 
Number of samples analysed for the average = 20. 
FILTERS — 
Number of times Primary Beds were filled during month .- - = 52. Average filling - 2 
Number of times Secondary Beds were filled during month - - = 62. Average filling - 2 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours - — 
Average Analysis of Filter Effluent. 
—— | Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - - . - - - 0°045 0°596 0°242 
Albuminoid Nitrogen - _ - - - - - - - 0°021 0°098 0°045 
Nitric Nitrogen - - - - - - - - - 1°1504 0°5275 0°8539 
I hm SO ie ee 6'8 8'8 7:8 
_ Oxygen absorbed from KMnOQ, in 4 hours. - - 3 - 0°455 1°505 0°744 





Number of samples analysed for the average =20. 


REMARKS.—The worst Nitric Nitrogen, both for this month and for the previous month, were from the same 


Raymond Ross, F.L.C. 


bed, which has only been working for a short period. 


April 15th, 1903. 
6225—Ap. T. 
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APPENDIX: 


BURNLEY—continued. 


SEWAGE— 
Average daily flow - : a 
Maximum daily flow 5 Ths = 


Minimum daily flow - - 


Average Analysis of Sewage. 











Ammoniacal Nitrogen - - - = A 
Albuminoid Nitrogen - - - - - = -= 
- Nitric Nitrogen - - : : : ‘ E x 
Chlorine - - - - : : é E : 
Oxygen absorbed from KMnOs in 4 hours - - - 
Dissolved Oxygen taken up in 24 hours - a 


Suspended solids - - = : . ame 





Number of samples analysed for the average =16. 


Septic Ligquor— 
Average rate of flow through the Tanks - - 
Amount of Sludge dealt with during the month 


Average Analysis 











Ammoniacal Nitrogen - - - - - - - 
Albuminoid Nitrogen - - - - - - = 
Nitric Nitrogen -  - 2a ene Me 3 
Chlorine - =) ae ee Se : 


Oxygen absorbed from KMnO, in 4 hours - ~~ - . 


Dissolved Oxygen taken up in 24 hours - 
Suspended solids - - - = t ii 


Number of samples analysed for the average = 22. 


FILTERS— 








- Rainfall - - 0°20 inches | 
- Rainfall e535 chal cameos 
- Rainfall - - - =2000> + 
Best. | Worst. Average. 
- 0°699 3°499 1773 
= -0°329 1251 0°619 
- 4°0 89 65 
- Dad 9°477 6°296 
of Septic Liquor. 
| Best. Worst. Average. 
| 
- 4 0°494 2°293 1276 
- 0172 0°559 0°312 
- 0°2204 0°0285 071115 
- 40 8°8 6:3 
3°164 6°795 4'718 











Number of times Primary Beds were filled during month -~— - 


March, 1903. 





Average filling - 2 


Number of times Secondary Beds were filled during month - a as Average filling - 2 


Estimate of amount of Tank Liquor treated per cube yard per 24 hours - — 


Average Analysis of Filter Efiuent. 


Dissolved Oxygen taken up in 24 hours . - - = — _ 


Suspended solids - - - - 2 5 ; s P on a 


mae | Best. | Worst. | Average. 

Ammoniacal Nitrogen - - - - - - oe - 0°028 ' 0'205 0°098 
Albuminoid Nitrogen - - - - - - - - 0°017 0°059 0°039 
Nitric Nitrogen - - - - - he - - 1°6908 0°5636 0°9291 
OHGrIG Om, Gob 52 aed eh oe nee 5'6 8'2 66 
Oxygen absorbed from KMnO, in 4 hours - - - - 0°447 0°950 0618 

| 

| 


Number of samples analysed for the average = 22. 
April 15th, 1903. 
Raymond Ross, FIC, 
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April, 1903. 
BuRNLEY—continued. 
SEwAaGE— 
Average daily flow - . - — -  Averagerainfall - “ : - 075 inches 
Maximum daily flow - - — - Maximum rainfall - - == 40. 5 
Minimum daily flow - - — - Minimum rainfall - ee vai OO) 2d 
Average Analysis of Sewuge. 
—— Best, Worst. Average. 
Ammoniacal Nitrogen Et Ege cg Pat. 1°560 3°706 2°710 
Albuminoid Nitrogen on PETE bees. he ee gee ‘461 1°400 "765 
Nitric Nitrogen - : 7 2 . . : ? Z = Fe. 35 
Chlorine” - : : ‘ - - - - - - 72 12°0 9°5 
Oxygen absorbed from KMnO, in 4 hours ae ae 5265 15°508 7591 
Dissoived Oxygen taken up in 24 hours” - - - - — — _ 
Suspended solids . = - - - - - - — — — 
Number of samples analysed for the average=18. 
Septic Liguor— 
Average rate of flow through the Tanks - - - - : - -_ — 
Amount of Sludge dealt with during the month - . - . - -— 
Average Analysis of Septic Liquor. 
pentose Best. Worst. Average. 
Ammoniacal Nitrogen - - - - - - 1°153 3°706 2278 
Albuminoid Nitrogen - - - - - . "329 ‘790 "472 
Nitric Nitrogen - - fe} - - - - - ‘2308 0249 "1347 
Chlorine - - - : - - - - . - 60 132 8°4 
Oxygen absorbed from KMnOj; in 4 hours -_— - - - 4°444 9°333 6'526 
Dissolved Oxygen taken up in 24hours -~— - - - | — = ae 
Suspended solids - - - - - - - - | — bcos as 
Number of samples analysed for the average=18. 
FILTeRsS— 
Number of times Primary Beds were filled during month - - - 54 Average filling - 2 
Number of times Secondary Beds were filled during month - - ~- 54 Average filling - 2 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours- — 
Average Analysis of Filter Ejffiuent. , 
eee Best. Worst. Average. 
Ammoniacal Nitrogen - - - - - = 041 1°523 310 
Albuminoid Nitrogen : - - - - 029 plod ‘056 
Nitric Nitrogen - - - - - - - - 19264 5674 11411 
Chlorine - - : - - - - - - 60 ig 8°4 
Oxygen absorbed from KMnO,zin4hours - - -~— - "414 1°596 ‘838 


Dissolved Oxygen taken up in 24 hours” - ! é Z 


Suspended solids - 3 - : = i 3 i 








Number of samples analysed for the average=18. 


RemArks.—The maximum Albuminoid Nitrogen and Oxygen figures were, in each case, obtained from the 
newest bed on the works. Leaving this bed out of consideration, the maximum Alb. Nitrogen was 0°079, and the 


maximum oxygen 1°128. ; 
All the above results are expressed in parts per 100,000. 


May 2nd, 1903. 
6225—Ap. I. 


Raymond Ross, FIC. 
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SEWAGE— 
Average daily flow - E : 
Maximum daily flow - - - 


Minimum daily flow- -— - 


APPENDIX : 


BuRNLEY—continued. 











Ammoniacal Nitrogen- - -~— - 
Albuminoid Nitrogen - - : 
Nitric Nitrogen -—  - Bee: 
Chlorine - - : 2 : e 
Oxygen absorbed from KMnQ, in 4 hours 
Dissolved Oxygen taken up in 24 hours 


Suspended solids - - : : E 





Septic Liqguor— 














Average rate of flow through the Tanks 


Amount of Sludge dealt with during the month 


Average Analysis 





Ammoniacal Nitrogen- - -~— - 
Albuminoid Nitrogen- -~— - Y 
Nitric Nitrogen - - - < Z 
Chlorine - - : = : r 
Oxygen absorbed from KMnO;y in 4 hours 
Dissolved Oxygen taken up in 24 hours 
Suspended solids - Bees 2 : 


FILTERS— 








Number of times Primary Beds were filled during month - = 


Number of times Secondary Beds were filled during month — - 


Estimate of amount of Tank Liquor treated per cube yard per 24 hours - — 





Ammoniacal Nitrogen - : : 
Albuminoid Nitrogen- - -~— - 
Nitric Nitrogen - - - - a! 


Chlorine = : ‘ 2 4 4 


May, 1903. 
: Rainfall - - - - ‘07 inches 
- Rainfall - - +. “BOSES 
- Rainfall - - ~ - = OOmeae 
Average Analysis of Sewage. 
Best. | Worst. | Average. 
- - 1°153 4°530 2°847 
- - “461 988 "794 
- - 56 20°0 Ley 
es 4°667 9°741 7'845 
3 = oe | a 
| 
Number of samples analysed for the average = 16. 
of Septic Liquor. 
| Best. | Worst. | Average. 
- = "762 . 4332 2°406 
- - 263 ‘790 “546 
- - 1735 0566 ‘1020 
- - 4°0 10°0 75 
: - 3°229 9°367 7°029 
Number of samples analysed for the average = 16. 
- - 60 Average filling - 2 
- + 60 Average filling - 2 
Average Analysis of Filter Effluent. 
Best. Worst. Average. 
- - ‘O76 "905 *309 
- - 032 125. ‘061 
- - 1°9662 | "4490 12278 
eee 40 : 100 75 
*500 1:94] 1°000 


Oxygen absorbed from KMnQj in 4 hours 
Dissolved Oxygen taken up in 24 hours 
Suspended solids - - 3 ‘ e 














Number of samples analysed for the average = 16. 


_ Remarks.—The average améunt of Oxygen absorbed by the final effluent was spoilt by 3 high figures ; the nitric 
Nitrogens were respectively ‘449, 1°9662 and 1°1395, so that the purification was atter all quite satisfactory 


Raymond Ross, F.I.C., #.U 8. 


May 31st, 1903. 
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June, 1903. 
SEWAGE— 
Average daily flow - - - — - Rainfall = - - - - - 0°054 inches. 
Maximum daily flow -— - os - Rainfall — - - - - - 0580 _ ,, 
Minimum daily flow - — - Rainfall — - - - - - nil 
Average Analysis of Sewage. 
a : | Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - : - - - - 2°677 4953 3°384 
Albuminoid Nitrogen - - . - > - - - "724 1317 1°035 
Nitric Nitrogen - - - = - - - — — — 
Chlorine - - . - - . - - - - 9°6 18°0 13°0 
Oxygen absorbed from KMnQ, in 4 hours . - - 5°875 8715 7°192 
Dissolved Oxygen taken up in 24 hours - - -~ - — ~ ~ 
ospeaden@oume ee = eel le _ — — 
Number of samples analysed for the average=16. 
Sepric Liqguor— 
Average rate of flow through the Tanks - - - - - - -_ — 
Amount of Sludge dealt with during the month - - - - - = 
Average Analysis of Septic Liquor. 
_-—— Best. Worst. | Average. 
Ammoniacal Nitrogen - - - - . - - - 2666 5136 3218 
Albuminoid Nitrogen - - . - . - . - ‘627 ‘691 "623 
Nitric Nitrogen - - - - - - - . - 2283 nil ‘0758 
Chlorine - - - - - - - - - - 6'4 iy 91 
Oxygen absorbed from KMnO, in 4 hours _ - - - 3°780 7721 6°207 
Dissolved Oxygen taken up in 24 hours”~ - - - - — — =. 
Suspended solids - - - - - - - . ei) — — = 
Number of samples analysed for the average=16. 
FILTERS— 
Number of times Primary Beds were filled during month - - 60 Average fillmg - 2. 
Number of times Secondary Beds were filled during month - - - 60 Average filling - 2, 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours - — 
Average Analysis of Filter Effluent. 
22a Best. | Worst. Average. 
a | 
Ammoniacal Nitrogen - —~ - - - - - - - "140 "823 279 
Albuminoid Nitrogen - — - : : - - - - 049 164 084 
Nitric Nitrogen - - - - - - - - - 2°3973 ‘6851 1°2845 
Chlorine - - - : - - = : - 8'0 11°2 97 
Oxygen absorbed from KMnO,in4 hours - - -~ - "250 1°902 1°225 
Dissolved Oxygen taken up in 24 hours” - - - se is =e 
Suspended solids - - = j= - - =) — oe a 








Number of samples analysed for the average=16. 








Remarks. -- During twenty days of this month there was absolutely no rain, and consequently the crude sewage 


has been very concentrated and more difficult than usual to deal with. 


July 7th, 1903. 


Raymond Ross, FI.C., #.C 8, 
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BuRNLEY—continued. 
July, 1903. : 








SEWAGE— 

Average daily flow -  - -_ — - Rainfall - - - - - 0°103 inches 

Maximum daily flow - oso -. Rainfall) ~~ soe =e 

Minimum daily flow - - -  Ramtall +." © [ieee owe 

Average Analysis of Sewage. 
——— Best, Worst. Average, 

Ammoniacal Nitrogen- - - -~ - ne 1°811 4118 " 3'253 
Albuminoid Nitrogen - - - - - - - - "658 1317 "965 
Nitric Nitrogen - - - - - - - - - — — _— 
Chlorine - - - - - - - - : - 80 22°0 11°2 
Oxygen absorbed from KMnQ, in 4 hours - - - - 5155 9°748 . 8°232 
Dissolved Oxygen taken up in 24 hours” - - - - - — 
Suspended solids=3>~ =-7 Ra pager ere no eae _ — = 








Number of samples analysed for the average = 15. 


Septic Liqguor-- 


Average rate of flow through the Tanks” - - - - - - - —— 


Amount of Sludge dealt with during the month - - - - - — 


Average Analysis of Septic Liquor. 








nae | Best. | Worst. | Average. 
| 
Ammoniacal Nitrogen - - . - - - - - 1°647 4118 3°033 
Albuminoid Nitrogen - - - eee Soe - - . ‘527 856 ‘677 
Nitric Nitrogen - - - - - - : - - "2232 “0555 "| *1551 
Chlorine - wh dn AER EROS ONS eRe Oe ge 4°4 vB by} 8'4 
Oxygen absorbed from KMnQ, in 4 hours - - - : 4102 8°372 67145 
Dissolved Oxygen taken up in 24 hours” - - - - — +; — 
Suspended solids - - - . > - - 7 -- _ — 
Number of samples analysed for the average =15. 

FILTERS — ‘ 

Number of times Primary Beds were filled during month - - = - - 58 Average fillmg - 2 

Number of times Secondary Beds were filled during month’ - - - 58 Average fillimg - 2 


Estimate of amount of Tank Liquor treated per cube yard per 24 hours - -— 


Average Analysis of Filter Effiuent. 








aes | Best. | Worst. | Average. 





Ammoniacal Nitrogen - . - : ‘ : 2 s 
Alouminoid Nitrogen - (= - - fe “+ = 
Nitric Nitrogen - = $ £ : : g z ‘ 
Chiorine’ te =. -.- oe) Shei) os eee § OSE 
Oxygen absorbed from KMnQ, in 4 hours - - - - 
Dissolved Oxygen taken up in 24 hours - - - : ‘ 


Suspended solids ~--e<—- -S—-e  se 








/Number of samples.analysed for the average = 15. 


Raymond Ross, F.L.C. FCS. 
September Ist, 1903. 
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August, 1903. 
































SEWAGE— 
Average daily flow - - - — - Rainfall -  - - - - 0144 inches. 
Maximum daily flow > Us — - Rainfall: - - - - - O71 . 
Minimum daily flow - - - a - Rainfall - - - - nil. 
Average Analysis of Sewage. 
— Best. | Worst. | Average. 
A signings Nitrogen - - - - - - - - 1°647 3°706 2°828 
Albuminoid Nitrogen - - a 5 . - - - “592 ‘988 ‘818 
Nitric Nitrogen - . - - - - - - nil nil nil 
Chlorine - - : - - - - - - - ae 20°0 11.4 
Oxygen absorbed from KMnQ, in 4 hours - - - - 1°000 9°650 8198 
Dissolved Oxygen taken upin 24hours - - -— - — — _ 
Suspended solids - - - - - - - - - = oa — 
Number of samples analysed for the average = 15. 
Septic Liguor— 
Average rate of flow through the Tanks - - - - - - - — 
Amount of Sludge dealt with during the month - - . - - — 
Average Analysis of Septic Liquor. 
a | Best. Worst. | Average. 
Ammoniacal Nitrogen - - - - - - - - | 823 4530 2°580 
Albuminoid Nitrogen -— - - = = - mihi} o3 ‘197 "658 "494 
DettieenePOReED) =  -hih- = it "1122 ‘0279 "0685 
Chlorine -— - . Ss ae - ae ate ba 40 12°0 74 
Oxygen absorbed from KMn0O, in 4 hours - E - - 37122 8°609 5175 
Dissolved Oxygen taken up in 24 hours” - - - - — — — 
Suspended solids- - - - - ee + 2 - - — — = 
Number of samples analysed for the average =15 
FILTERS— 
Number of times Primary Beds were filled during month - — - - - 60. Average filling - 2 
Number of times Secondary Beds were filled during month - - = - 60, Average fillmg - 2 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours - — 
Average Analysis of Filter E'fiuent. 
—— | Best. : Worst. | Average. 
Aumeeerten "057 1°235 "293 
Albuminoid Nitrogen Kast Pei Re eee 033 118 057 
Mr cree eye es 1'3459 ‘4478 "9120 
Chlorine -— - - - - bei 3 - - - 60 10°0 79 
Oxygen absorbed from KMnO,in4hours - - -~— - ‘512 1°389 ‘912 
- Dissolved Oxygen taken up in 6 hours at 80° F. - : 044 272 ‘110 
55 or ad Mato B ‘042 he 121 





Number of samples analysed for the average = 15. 


Raymond Ross, FLC., F.CS. 


September 1st, 1903. 
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September, 1903. 






























































SEwAGE— 
Average daily flow - -~ - _— - Rainfall -- - =, 4. =) 0154 inches 
Maximum daily flow aie fie — ~ “Rainfall” :- © aolitigh -igeeeeeee 
Minimum daily flow - — : Rainfall - - - - - nil. 
Average Analysis of Sewage. 
—_—— Best. Worst. Averaze. 
Ammoniacal Nitrogen - - = - - : - - "923 4118 2°303 
Albuminoid Nitrogen - : . . - - - - "461 4°942 1185 
Nitric Nitrogen - - - - - - - — — = 
Chlorine - - - - - - - - - - 5'2 13°2 9°5 
Oxygen absorbed from KMnO,in 4hours - - - - 5'250 9°756 8323 
Dissolved Oxygen taken up in 24 hours” - - - - ~~ _ — 
Suspended solids - - - - - - - - — — — 
Number of samples analysed for the average = 18. 
Septic Liguor— 
Average rate of flow through the Tanks - . - - - - - — 
Amount of Sludge dealt with during the month . - - -| — 
Average Analysis of Septic Liquor. 
sa Best. | - Worst. | Average. 
Ammoniacal Nitrogen - - - - : - - - 1070 5765 2°303 
Albumincid Nitrogen - - - - - = - ‘296 659 526 
Nitric Nitrogen - - - - - - - - 1156 nil 0589 
Chlorine - - - - - - . - - - 40 12°0 ie? 
Oxygen absorbed from KMnQO, in 4hours - - - - 3°886 7°846 5°009 
Dissolved Oxygen taken up in 24 hours” - - - - — —- ae 
Suspended solids - - - - - - - : — — -— 
Number of samples analysed for the average = 17 
FILTERS : 
Number of times Primary Beds were filled during month- - - - 60 Average filling - 2 
Number of times Secondary Beds were filled during month - - - 60 Average filling - 2 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours - — 
Average Analysis of Filter Ejfiuent. 
— | Best. | Worst. Average. 
RETRO Oe 3 : 
Ammoniacal Nitrogen - - - - = - = - 0£8 ‘719 173 
Albuminoid Nitrogen - - - - : = - - 021 112 052 
Nitric Nitrogen - - - - = e = - - 1°4623 ‘5631 10077 
Chlorine -  - . - - - - - E =. i ‘aed 10°4 75 
Oxygen absorbed from KMnQ, in 4 hours - - - "258 17154 “705 
Dissolved Oxygen taken up in 6 hours at 80° F. . - | 004 "242 103 
”? ” 24 ” at 65° Ky 2 3 ‘000 239 “110 


” 


October 1st, 1903. 











/ Number of samples analysed for the average = 17. 
Raymond Ross, F.L.C., PCS. 


SEwacE— 


Average daily flow - 


Maximum daily flow 


Minimum daily flow 





Ammoniacal Nitrogen - 


Albuminoid Nitrogen - 


Nitric Nitrogen - 


Chlorine 


Oxygen absorbed from KMnO, in 4 hours 
Dissolved Oxygen taken up in 24 hours 
Suspended solids 


Septic Liguor— 


Ammoniacal Nitrogen - 


Albuminoid Nitrogen - 


Nitric Nitrogen - 


Chlorine 


Oxygen absorbed from KMnQ, in 4 hours - - : : 
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October, 1903. 





Dissolved Oxygen taken up in 24 hours” - 3 3 = 


Suspended solids 





FILTERS— 





- - — . Rainfall = - - - - - 6°306 inches 
- - — - Rainfall - - . - ais 
- - — - Hanmfall =. — wee - - nil. 
Average Analysis of Sewage. 
| Best. | Worst. : Average. 
- - - - = - 823 3°088 1°784 
- - - - - - 427 1976 686 
= = = - - - 56 12°0 9°8 
oo 5104 9°500_ 7°653 
Number of samples analysed for the average = 12. 
Average rate of flow through the Tanks” - vanes “4 Fue - 
Amount of Sludge dealt with during the month 5 ode SUNY ia - = = 
Average Analysis of Septic Liquor. 
| Best. | Worst. | Average. 
= = = - - . 659 2°470 1°482 
= = - - - - ‘230 “428 349 
= 3 = = = - 2275 nil 0951 
- - - - - - 3°2 8°8 65 | 
3°547 TANG: 4°864 
Number of samples analysed for the average = 12. 
Number of times Primary Beds were filled during month - - - - 58 Average filling - 2 
Number of times Secondary Beds were filled during month - - - 58 Average filling - 2 


Estimate of amount of Tank Liquor treated per cube yard per 24 hours - 


Ammoniacal Nitrogen - 


Albuminoid Nitrogen - 


Nitric Nitrogen - 


Chlorine 


Average Analysis of Filter Effluent. 


| Best | 


Oxygen absorbed from KMnQ, in 4 hours - 


Dissolved Oxygen taken up in 6 hours at 80° F. - - 


” 


» 


” 


24 


sy, at GODF. 





6225 —Ap. I. 


020 
‘019 
1°2576 

52 
‘263 
002 
‘006 


Worst. | Average. 





‘370 ‘151 
065 ‘037 
“3952 8800 
8'8 67 
1600 513 
‘064 044 
081 *041 





Number of samples analfsed for the average = 8. 


Raymond Ross, F.I.C., F.C. 


L 
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SEWAGE— 
Average daily flow - - - — - Rainfall - 
Maximum daily flow - = — - Rainfall - 
Minimum daily flow - - - = - Rainfall - 


Average Analysis of Sewage. 





oes Best. | 
Ammoniacal Nitrogen - - . - - - - - "823 | 
Albuminoid Nitrogen - - . - - - - - ‘413 
Nitric Nitrogen - - - . : . - - - — 
Chlorine - - - - - - - - - . 4°4 
Oxygen absorbed from KMnO, in 4 hours - - - = 4'800 


Dissolved Oxygen taken upin24 hours - -~ - - 


Suspended solids - - e tv . . . 
Number of samples analysed for the average = 20. 


Septic Liguor— 
Average rate of flow through the tanks - - - - - - - 
Amount of sludge dealt with during the month - ahi Ge = SES WE 


Average Analysis of Septic Liquor. 


——— | Best. | 
Ammoniacal Nitrogen - ey es - - - - "740 
Albuminoid Nitrogen - 5S ie = 5 - - ‘263 
Nitric Nitrogen - - - - . - - - - 2241 
Chlorine - - : - . - - - - . 4'8 
Oxygen absorbed from KMnOyin4hours- - -~— - 3°487 


Dissolved Oxygen taken up in 24 hours 


Suspended solids - - - . S zs Z * 5 


Number of samples analysed for the average = 20. 


FILTERS— 
Number of times Primary Beds were filled during month - - - 
Number of times Secondary Beds were filled during month = - - - 


Estimate of amount of tank liquor treated per cube yard per 24 hours” - 


Average Analysis of Filter Effluent. 


———— | Best. | 

Ammoniacal Nitrogen - - - - - 4 . 020 
Albuminoid Nitrogen - - - - - - = ‘019 
Nitric Nitrogen - - - - - - - - 1°7428 
Chlorine - - ae fe 4h 5% mate : 52 
Oxygen absorbed from KMnO, in 4 hours - ee - ‘161 
Dissolved Oxygen taken up in 6 hours at 80° F. - - 021 

Bt eatan bone eee 026 


” ” ” ‘ 


Worst. 


3°088 
1976 


16°0 


9°742 


Worst. 


2°667 
988 
0577 

9°6 

8°607 


58 
58 


Worst. 


"412 
024 
3436 
84 
1291 
048 
029 


November, 1903. 


= - 0°34 


nil. 


Average. 


1°874 
"702 

8°8 

8°214 


| Average. 


| 1605 
“441 
1301 

6°6 
5°883 


Average filling 
Average filling 


| Average. 


‘111 
035 
9919 
67 
524 
035 
021 


” 


‘074 inches 


2 


2 


eee 


Number of samples analysed for the average = 15. 


Raymond, Ross FIC, F.CS. 
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December, 1903. 








SEWAGE— 

Average daily flow- - - — - Rainfall - - + + - _ ~.0°081 inches 

Maximum daily flow - - - - * - Rainfall - - - - - 0°80 -~ 

Minimum daily flow. - - — - Rainfall - . aoe ae - Nil. 

Average Analysis of Sewage. Z 
en | Best. | Worst. | Average. 

Wumgumeesttiirogen - = -| - .- - - - 0°823 3499 2°045 
Albuminoid Nitrogen - - - . - - - 0°329 0°988 0643 
Nitric Nitrogen - - = - : . 5 : a fea ae 1 nie 
Chlorine ee ce gin =e 5°2 13°2 9°1 
Oxygen absorbed from KMnO; in 4 hours - i a 6513 9°500 8'823 


Dissolved Oxygen taken up in 24 hours - - : : se = “* 








Number of samples analysed for the average = 17. 


Septic Liquor— 
Average rate of flow through the tanks - - - - - - — 
Amount of sludge dealt with during the month - - - - + — 


Average Analysis of Septic Lnquor. 











—_—— | Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - - - - - - 0°823 3091 1°823 
Albuminoid Nitrogen - - - - - - - - 0°230 0°616 0°462 
Nitric Nitrogen - = = = : = 2 = 0168 0°056 0103 
Chlorine - - - - - - - - - 4°8 10°0 70 
Oxygen aeearbed from KMnO, in 4 hours - - E : 3°077 ; 8°34] 5994 


Dissolved Oxygen taken up in 24 hours - - - - — ee = 


Number of samples analysed for the average = 17, 


FILTERS— 
Number of times Primary Beds were filled during month - - 60 Average filling - 2 
Number of timesecondary Beds were filled during month — - - - 60 . Average filling - 2 


Estimate of amount of Tank Liquor treated per cube yard per 24 hours” - — 


Average Analysis of Filter Effluent. 
































—_— Best. Worst. Average. 

Ammoniacal Nitrogen -.— - E - - - - - 0048 0°514 0187 
Albuminoid Nitrogen - . - - - - - - 0-024 0'079 0°510 
Nitric Nitrogen - - = = - - - - - | 1°805 0°337 1078 
Chlorine a - - - - = - - 60 10°4 57 
Oxygen absorbed from KMnO, in4hours - - -~— - 0°250 0°670 1°100 
Dissolved Oxygen taken up in 6 hours at 80° F. - ‘046 ‘130 ‘067 

Opes ab-G55 0. b= wee 046 301 ‘077 


oP] ”? ” 





Number of samples analysed for the average = 17. 


February 27th, 1905. Raymond Ross, F.LC., F.C.S. 
622=—Ap. I. ie 
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January, 1904. 














SEWAGE— 
Average daily flow - — - Rainfall - ~ 5°" <oeb= 963012 mene: 
Maximum daily flow : ae - Rainfall - - . - - 054 ,, 
Minimum daily flow - — - Rainfall - - = Ey he 

Average Analysis of Sewage. 
——— Best. | Worst. | Average. 

Ammoniacal Nitrogen - . - - - : - - 0°474 2°883 1°834 

Albuminoid Nitrogen - - . - - - - - 0°164 0°856 0°551 

Nitric Nitrogen - - = - : - : - _ — — 

Chlorine - - - - - - - . - - 64 12°8 9°3 

Oxygen absorbed from KMnOyz in 4 hours - - - - 6°950 9°750 8'459 

Dissolved Oxygen taken up in 24 hours” - Ame, - - — — — 

Number of samples analysed for the average = 15. 
Septic Liqguor— 
Average rate of flow through the Tanks - -  ttacin as yeti alee 
Amount of Sludge dealt with during the month seu ehisdinn des een os 
Average Analysis of Septic Liquor. 
——— | Best. | Worst. | Average. 
Ammoniacal Nitrogen - : - = - - - 0°098 2°677 1575 

Albuminoid Nitrogen - - - - - - - - 0°098 0°659 0°422 

Nitric Nitrogen - - - - - - - =e i 0°340 0112 0177 

Chlorine” - - - - - - - - - - ie eae 8:0 73 

Oxygen absorbed from KMnO,in 4 hours - -~ - - 2°308 7°375 5°717 
Dissolved Oxygentaken up in 24hours”~ - - - - — — — 
Number of samples analysed for the average = 15. 

FILTERS— 

Number of times Primary Beds were filled during month - - - 59 Average filling - 2 

Number of times Secondary Beds were filled during month - - - 59 Average filling - 2 

Estimate of amount of Tank Liquor treated per cube yard per 24 hours - -- 

Average Analysis of Filter Hffiuent. 
ee | Best. | Worst. | Average. 

Ammoniacal Nitrogen 3 eek fe Bd 0°012 | 17935 0°323 

Albuminoid Nitrogen - - - - - - - 0°021 0°098 0°050 

Nitric Nitrogen - - - - - - : - : 1°591 0°343 . 1024 

Chlorine - - : - : - - - - 5°6 80 75 

. Oxygen absorbed from KMnO,in4hours- -~— - - 0°517 1111 0°686 

Dissolved Oxygen taken up in 6 hours at 80° F. - : 037 "199 092 

3 < “ id Ne 2aGB%, Nicaea 006 ‘111 ‘066 


Number of samples analysed for the average = 15. 
February 27th, 1905. ; Raymond Ross, F.I.C., F.C.S., 
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February, 1904. 























SEwacE— 
Average daily flow - -~ - — - Rainfall —s- -  - = = 0°13 inches 
Maximum daily flow - - - — - Rainfall - - - - =e (8E6 | 5) 
Minimum daily flow- -_ - = - Rainfall - Soh ee Nal, 
Average Analysis of Sewage. 
—_—_— | Best. | Worst. | Average. 
Ammoniacal Nitregen - - - - - - - - 0°823 3°089 1°657 
parmeemeetitroven <uy(-  - <= = ° -. = 0°395 0°790 0°566 
Nitric Nitrogen - - - - - - - - - — — — 
Chlorine S08 A Se) ee a 8'0 11'2 9°3 
Oxygen absorbed from KMnO, in 4 hours - : - - 7325 9°747 8°439 
Dissolved Oxygen taken up in 24 hours - - - - — — -— 
Number of samples analysed for average=12. 
Sertic Liguor— 
Average rate of flow through the Tanks -~ - Sl ee Ce 
Amount of Sludge dealt with during the month -~— - - - - 
Average Analysis of Septic Liquor. 
—_-- | Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - - - - - - 0°494 3°089 1°506 
Albuminoid Nitrogen - - - - - . . - 0°197 0°658 0°385 
Nitric Nitrogen - - - - - - - - - 0'°347 0113 0°230 
Chlorine - - - - - - - - - 6°4 8°0 75 
Oxygen absorbed from KMnOQ, in 4 hours - - - - 3°875 8°405 6°302 
Dissolved Oxygen taken up in 24 hours” - - - - — _ — 
Number of samples analysed for the average =12. 
FILTERS— 
Number of times Primary Beds were filled during month -  - =" 56 Average filling 
Number of times Secondary Beds were filled during month Snieed 129256 Average filling - 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours - — 
Average Analysis of Filter Hfftuent. 
—— | Best. | Worst | Average. 
Ammoniacal Nitrogen - - - “ - - - - 0°024 0°576 0°246 
Albuminoid Nitrogen - —- - = - : 5 : 0017 0°085 0°046 
Nitric Nitrogen - - - - - - - - - 1°396 0°456 0971 
Chlorine . , - mia) © - - “ = - 64 80 7'°4 
Oxygen absorbed from KMnO, in 4 hours - - - - 0°125 1°175 0°604 
Dissolved Oxygen taken up in 6 hours at 80° F. - . ‘031 ‘063 "059 
n © _ 249 eat. 66° I’. - - 032 099 057 


Number of samples analysed for the average=12. 





February 27th, 1905. Raymond Ross, FL.C., F.CS. 
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March, 1904. 
SEwAGE— 
Average daily flow - -~ - — - ~~ Rainfall” -° -> ~WOU2/@) CaROTRAAS ineheaee 
Maximum daily flow Soda, — - Rainiall~.-* -_* 40) pe a 
Minimum daily flow Seda -~ - “Rainfall -  - © #882) SONG 
Average Analysis of Sewage. 
——— : . ; Best: | ~——rorst, | Average. 
Ammoniacal Nitrogen - - - - - - - - 1°030 3°089° -* D249 uF A 
Albuminoid Nitrogen - - - - - - - "339 0°987 O'708 HU L, 
Nitric Nitrogen - a ee a, Se, ge 6 — —~ ae 7 
Chlorine - ie Tn eee - Sh ei jo = ie; 10°4 9°3. 
Oxygen absorbed from KMn0O, in 4 hours - - - - 5950 >| 97444 799822 
Dissolved Oxygen taken up in 24 hours” - - - - — — — 
Number of samples analysed for the average = 16. 
Septic Liguor— 
Average rate of flow through the Tanks’ - - - - - - a Se 
Amount of Sludge dealt with during the month - - - - - — 
Average Analysis of Septic Liquor. 
wee | Best. | Worst. | Average. 
_Ammoniacal Nitrogen - - - - - - - 0823 3°089 2°075 
Albuminoid Nitrogen - - - - - - - . 0°263 0°659 0527 
Nitric Nitrogen at PO oes 2 me ee 0°239 0111 0°205 
Chlorine - . . - = "Shes : 2 oe - 2 9°6 79 
Oxygen absorbed from KMnO, in 4 hours - - - . 4°125 8 750 6°932 
Dissolved Oxygen taken up in 24 hours - - - - _ _— ore 
Number of samples analysed for the average = 16. 
FILTERS— 
Number of times Primary Beds were filled during month - 4~ ol a) web GO Average filling - 2 
Number of times Secondary Beds were filled during month - - oT 60.uy Average filling - 2 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours - — 
Average Analysis of Filter Effluent. 
ee | Best. | Worst. | Average. 
Ammoniacal Nitrogen - rn . - - . - - 0°082 1647 0°439 
AlbumineidsNitroven = paca <<} 2 heap ticle 0-034 0°197 0-065 
Nitric Nitrogen - - - - - - - 1°895 0°465 1179 
Chlorine -~ - - - = - - - 72 8°8 F 9 
Oxygen absorbed from KMnO, in 4 hours - - : - 0°250 2°000 0839 


Disolved Oxygen taken up in 24 hours - - - ? bee Ns od. 


Number of samples analysed for the average = 16. 7 


February 27th, 1905. Raymond Ross, F.LC., F.CS. 
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April, 1904. 
SEWAGE— 
Average daily flow -  - - — Rainfall -  - - . + *04 inches 
Maximum daily flow- -  - _ Rainfall - ~ - aT 
Minimum daily flow - - A — Rainfall - - - - Nil. 
Average Analysis of Sewage. 
— Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - - - - - - 1°441 3°500_ 2°714 
Albuminoid Nitrogen - - - - - - - - 560 1°317 ‘788 
Nitric Nitrogen - - - - - - - - - — — — 
cis a) i hs Bs 8'8 112 9°9 
Oxygen absorbed from KMn0Q, in 4 hours - - - - TILT 9°792 8517 
Dissolved Oxygen taken up in 24 hours” - - - _: _ — 
Number of samples analysed for the average = 13. 
Septic Liqgquor— 
Average rate of flow through the Tanks” - - - -_ — 
Amount of Sludge dealt with during the month - - -_— 
Average Analysis of Septic Liquor. 
ee | Best. Worst. | Average. 
Ammoniacal Nitrogen - - - - - - - 1441 3°294 2°5389 
Albuminoid Nitrogen - = - - - - - - - 263 1°008 "595 
Weems 2 OE 229 112 136. 
Se ee ca . 72 9°6 83 
Oxygen absorbed from K MnO, in 4 hours - - - - 6°477 8°536 8°195: 
Dissolved Oxygen taken upin 24 hours - - - - — _ — 
Number of samples analysed for the average = 13. 
FILTERS— 
Number of times Primary Beds were filled during month - - - 59 Average filling - 2 
Number of times Secondary Beds were filled during month - - = 59 Average filling - 2 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours — 
Average Analysis of Filter Effluent. 
——— | Best. | Worst. | Average. 
Ammoniacal Nitrogen- = - - - - - - - 0°041 2°058 0°467 
Albuminoid Nitrogen - - - - E 0°003 0°082 0074 
Nitric Nitrogen - - - - - - - - i372 0°673 1154 
Chlorine ne = = - = - - - - 72 9°6 83 
Oxygen absorbed from KMnOQ, in 4 hours - - “256 1281 "504 


Dissolved Oxygen taken up in 24 hours 





Number of samples analysed for the average = 13, 


February 27th, 1905. 


Ramond Ross, F.L.C., F.C AS. 
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SEWAGE— May, 1904. 
Average daily flow - - ~ — - Rainfall - = . - - ‘09 inches 
Maximum daily flow - - - — - Rainfall - - ~ - eH 
Minimum daily flow - - - — - Rainfall - - - - - Nil. 

Average Analysis of Sewage. 
——— | Best. | Worst. | Average. 

Ammoniacal Nitrogen - - - - - - - 1°647 4°94] 3°338 

Albuminoid Nitrogen - - - - ; 658 1976 “999 

Nitric Nitrogen - . - - . - - — — — 

Chlorine - - - - - - - - - : 8°8 12°8 10°3 

Oxygen absorbed from KMnOQ, in 4 hours - - - - 9°307 9°872 9°588 

Dissolved Oxygen taken up in 24 hours” - - - - -- — — 

Number of samples analysed for the average = 17. 
Septic Liguor— 
Average rate of flow through the Tanks - - sii -_ = 
Amount of Sludge dealt with during the month - - - - - — 
Average Analysis of Septie Liquor. 
“aoe Best. | Worst. | Average. 

Ammoniacal Nitrogen - - - - - - 1°235 4117 2°964 

Albuminoid Nitrogen - - . - - . - ‘266 1°054 642 

Nitric Nitrogen - se - - - - - 231 Nil. "115 

Chlorine - . - - - - - . - - 80 10°2 8°7 

Oxygen absorbed from KMn0OQ, in 4 hours - - - - 5°384 8°250 7°093 

Dissolved Oxygen taken up in 24 hours” - - - - — — — 

Number of samples analysed for the average = 17. 
FILTERS— 
Number of times Primary Beds were filled during month - me = OO) Average filling - 2 
Number of times Secondary Beds were filled during month - : - 60 Average filling - 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours - — 
Average Analysis of Filter Effluent. 
—— | Best. | Worst | Average. 

Ammoniacal Nitrogen - - - - - - 164 2058 "392 

Albuminoid Nitrogen - - - - - - - 046 0133 ‘O76 

Nitric Nitrogen - - - - “ - - - - 1°923 577 1°227 

Chlorine - ~~ - - - - - - 2 H : 72 11'2 84 

Oxygen absorbed from KMnQ, in 4 hours - - - - ‘410 1°266 ‘873 


Dissolved Oxygen taken up in 24 hours” - - é - 


Number of samples analysed for the average = 17. 
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S& 


June, 1904. 






































Dissolved Oxygen taken up in 24 hours” - : eee — = 





Number of samples analysed for the average = 18. 


February 27th, 1905. 
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SEWAGE— 
Average daily flow - -  - — = ea Rawal. 5 9= ) 5 (2°. |:03 Inches. 
Maximum daily flow - - — - Rainfall - . Sa ae 
Maximum daily flow . - — - Rainfall = - = 2 - Nil. 
Average Analysis of Sewage. 
—-- | Best. | Worst. | Average. 
Ammoniacal Nitrogen - : - - - - - - 2°058 5146 2212 
Albuminoid Nitrogen - - - ao es - - - 327 2°96 4 1045 
Nitric Nitrogen - - - - - - - - — — — 
Chlorine - - | - - - - - = - - 80 13°6 LOE 
Oxygen absorbed from KMn0, in four hours - - - 7625 9°875 9077 
Dissolved Oxygen takenupin24hours - - - - <= a ED 
Number of samples analysed for the average = 18. 
Septic Liguor— 
Average rate of flow through the Tanks - - - - - - = = 
Amount of Sludge dealt with during the month . - - - — 
Average Analysis of Septic Liquor. 
ee Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - - - - - . 1°647 4117 Bical} 
Albuminoid Nitrogen - Sa - - - - - "395 1°494 ‘BTT 
Nitric Nitrogen - : - - - - - - - 114 056 "108 
Chlorine - - - - - - - - - - 8°0 9°6 90 
Oxygen absorbed from KMnQ, in 4 hours - - - - SBY(5 8°825 7080 
Dissolved Oxygen taken up in 24 hours” - - . - = == —- 
Number of samples analysed for the average = 18. 
FILTERS— 
Number of times Primary Beds were filled during month - SP Wega aoe: Average filling - 2 
Number of times Secondary Beds were filled during month - - - 59 Average filling - 2 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours - — 
Average Analysis of Filter Efiuent. 
ee | Best. | Worst. | Average. 
Ammoniacal Nitrogen - : - - - - - 223 1°647 “589 
Albuminoid Nitrogen - - - - - - - 039 149 ‘091 
Nitric Nitrogen - - - - - - - . . 1°946 230 "990. 
a I Se a i a 72 10°8 8's 
Oxygen absorbed from KMnO,in4hours- - -~— - "250 3°000 1159 





Raymond Ross, FIC. F.C. 
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BurnLEY—continued 









































July, 1904. 
SEWAGE— 
Average daily flow - : - — Rainfall - oP sae ean - °03 inches 
Maximum daily flow - - — - Rainfall - - - - = Si Tie 
Minimum daily flow - : —— .” Rainfall’) == <- - = aaa 
Average Analysis of Sewage. 
—_—— Best. | Worst. | Average. 
Ammoniacal Nitrogen - . - - - - - . 3°087 5353 4°379 
Albuminoid Nitrogen - : - - - - - - “SOT 2°108 1°127 
Nitric Nitrogen - - - - - - - : - —- —_ — 
Chlorine -- . - . - - - - - - 10°4 22°0 12°5 
Oxygen absorbed from KMnOQ, in4 hours - - . - 7122 9°450 8°208 
Dissolved Oxygen taxen up in 24hours —- - - — = — 
Number of samples analysed for the average = 15. 
Septic Liguor— 
Average rate of flow through the Tanks - - - - - = 
Amount of Sledge dealt with during the month - - - - -_ — 
Average Analysis of Septic Liquor. 
—_—— | Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - - - - - - 2°058 4°941 3°912 
Albuminoid Nitrogen - - - - - - - "395 "856 ‘600 
Nitric Nifregen, F-) Se ES 25a be "114 Nil. 096 
Chlorine, sone ad ee ee ee 6° 112 103 
Oxygen absorbed from KMnQ, in 4 hours - : - . 5122 8585 6°664 
Dissolved Oxygen taken up in24 hours - - - - = = — 
Number of samp!es analysed for the average = 15. 
FILTERS— 
Number of times Primary Beds were filled during month - - - - 59 Average filling - 
Number of times Secondary Beds were filled during month = - - - 59 Average filling - 2 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours - — 
Average Analysis of Filter Efituent. 
a : | Best. | Worst. | Average. 
Ammoniacal Nitrogen : - - 2 its - - 0°164 1543 691 
Albuminoid Nitrogen - . - - - - - ‘066 148 ‘093 
Nitric Nitrogen - - - - - - - 1983 ‘571 11141 
Chlorine -  - - - - - - : - - 88 12°0 9°8 
‘Oxygen absorbed from KMnO, in 4 hours - - = - 538 1°129 “898 


Dissolved Oxygen taken up in 24 hours 








Number of samples analysed for theaverage = 15. 
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August, 1904. 


























SEWAGE-— 

Average daily flow - - - — - Rainfall - ; - - - "15 inches 

Maximum daily flow - - — - Rainfall - - - - - Pods sy 

Minimum daily flow - - - — - Rainfall ——- - - - - Nil. 

Average Analysis of Sewage. 
—— Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - - - - - - 2-U58 4°558 3°006 
Albuminoid Nitrogen - <= - - et 263 1°647 993 
Nitric Nitrogen - - - - - S - : ~ — — — 
Chlorine” - - . - = : - - - - 40 18:0 10°5 
Oxygen absorbed from KMnOQ, in 4 hours - - - 5°555 15°366 9°347 
Dissolved Oxygen taken up in24 hours” - = - - a = —- 
Number of samples analysed for the average = 16. 

Sepric Liguor— , 

Average rate of flow through the Tanks - - - - - - = 

Amount of Sludge dealt with during the month - - ~ - — 

Average Analysis of Septic Liquor. 
ae | Best. | Worst. | Average. 

Ammoniacal Nitrogen - - - - - : - 1°441 A117 2°887 
Albuminoid Nitrogen - - ee : - - - 263 593 ‘429 
Nitric Nitrogen - = - - - - - 5 - 114 Nil. O75. 
Chlorine - = - - Ss - = 5 2 : 5-2 10°0 79 
Oxygenabsorbed from KMnOQ, in 4 hours - - - - 3°750 6'800 4°716 
Dissolved Oxygen taken up in 24 hours” - - - - — — — 








Number of samples analysed for the average = 16. 


FILTERS— 
Number of times Primary Beds were filled during month " : #1 6D 


Number of times Secondary Beds were filled during month = - - - 60 


Estimate of amount of Tank Liquor treated per cube yard per 24 hours - — 


Average Analysis of Filter Effluent. 





Average filling - & 
Average filling - & 














a | Best. | Worst. | Average. 
Ammoniacal Nitrogen . - - - - - - - 140 1934 "451 
Albuminoid Nitrogen - . - - - - - 026 ‘099 ‘071 
Nitric Nitrogen - - - - . . - - 2°053 ‘678 1323. 
Qhioriné sg. - - =e ME = Bs 6'0 10°0 83 
Oxygen absorbed from KMnOgin4hours- - -~— - "390 1°250 838 
Dissolved Oxygen taken up in 24 hours” - - “ - au xh — 
Number of samples analysed for the average = 16. 
February 27th, 1905. Raymond Ross, FIC., FCS. 
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September, 1904. 














SEWAGE— 

Average daily flow - - - = - Rainfall - - - - = 0°04 inches 

Maximum daily flow - - a - Rainfall - - - . = OSB. 2, 

Minimum daily flow - - - — - Rainfall - - - : - Nil. 

Average Analysis of Sewage. 
———— | Best. | Worst. : Average. 

Ammoniaeal Nitrogen - - - - - - - 2°882 6°176 4°807 
Albuminoid Nitrogen - : - - - = - - *823 4°776 1°853 
Nitric Nitrogen - - : ‘ - - - : : — — — 
Chlorine - - - - - . - - - ‘= 10°4 212 12°8 
Oxygen absorbed from KMnQ, in 4 hours - - - - 7°500 23°722 12°710 


Dissolved Oxygen taken up in 24 hours - = 3 oa re BE 








ee ati 


Number of samples analysed for the avera 


leje} 


Septic Liguor— 
Average rate of flow through the tanks —- - - - - - - — 


Amount of Sludge dealt with during the month- - - - - ——— 


Average Analysis of Septic Liquor. 











-- | Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - - - - : - 2°058 5764 3.864 
Albuminoid Nitrogen - - - - - - - - °263 659 “A907 
Nitric Nitrogen - : sh - - - - - "115 — ‘069 
Chlorine - - - - - - . - - 8'0 11°6 9°6 
Oxygen absorbed from KMnO, in 4 hours - - - - 4°683 7111 5'376 
Dissolved Oxygen taken up in 24hours ~— - - - - a — — 
Number of samples analysed for the average = 17. 
FILTERS— 
Number of times Primary Beds were filled during the month - - - 58 Average filling - 2 
Number of times Secondary Beds were filled during the month - - - 58 Average filling - 2 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours -_ — 
Average Analysis of Filter Effluent. 
———= | Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - - . - - "123 2°058 542 
Albuminoid Nitrogen - - - . - . - - "044 > ‘178 090 
Nitric Nitrogen - - - - - - - - - 2°480 1110 1°551 
Chlorine - - . - - - . - 80 11°2 9°8 
©xygen absorbed from KMnO,in 4 hours - - ~~ "439 1°636 1:057 


| 
| 
| 


Dissolved Oxygen taken up in 24 hours 
fp 





Number of samples analysed for the average = 17. 
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October, 1904. 


















































SEWAGE— 

Average daily flow <2 os aa — - Rainfall - - - - 0°08 inches 

Maximum daily flow - - ‘ — - Rainfall - - - = 0:56 _,, 

Minimum daily tow -— - - -- = dainfall - - = oh - Nil. 

Average Analysis of Sewage. 
_— Best. Worst. Average. 
Ammoniacal Nitrogen - - : - . - ; E 2°470 6110 4°269 
WiyeminoidNirepen |) - 2 -  -  lClCC- "658 1°647 1365 
Nitrie Nitrogen - . - . : - - pa — -- 
GI ee 88 26°0 142 
Oxygen absorbed from KMnQ, in 4 hours - - - - 9°634 17°400 13°866 
Dissolved Oxygen taken up in 24 hours” - - - - — — — 
Number of samples analysed for the average = 18. 
Septic Liguor— 
Average rate of flow through the Tanks - - = - : alent 
Amount of Sludge dealt with during the month - 5 -_ = 
Average Analysis of Septic Liquor. 
— | best. | Worst. Average. 
Ammoniacal Nitrogen - . - . : - - : 1°647 5°764 3°884 
Albuminoid Nitrogen - - - - - - . "494 "823 585 
Nitric Nitrogen - : - - M : - - - "415 Nil. 087 
Chlorine - = - - - - - - - - bog 26°0 12°7 
‘Oxygen absorbed from K MnO, in 4 hours - - - - 5°450 19°480 81 
Dissolved Oxygen taken up in 24 hours” - - - - — — — 
Number of samples analysed for the average = 18. 
FILTERS— 

Number of times Primary Beds were filled during month - : - 60 Average filling - 2 

Number of times Secondary Beds were filled during month : - - 60 Average filling - 2 

Estimate of amount of Tank Liquor treated per cube yard per 24 hours - — 

Average Analysis of Filter Effluent. 

——— Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - . 2 . - "123 2°470 ‘697 
Albuminoid Nitrogen - - 2 . : - "039 "132 ‘101 
Remeemcene WEL  - 4 e  e -  L ee 2°18) ‘576 1474 
‘Chlorine - - - - - 2 “3 - - - 72 22°8 11°9 
‘Oxygen absorbed from KMnOy, in 4 hours - - - - ‘400 1598 1°259 


Dissolved Oxygen taken up in 24 hours” - - = = _- — 





~\Number of samples analysed for the average = 18. 


February 27th, 1905. 
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November, 1904. 


SEWAGE— 


Average daily flow - -~ - — - Rainfall ts ~ *2 “o"2""*10 inches. 


Maximum daily flow - - — - Rainfall - - . - arto its 


Minimum daily flow : - — Rainfall - - - - - Nil. 


Average Analysis of Sewage. 








——— | Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - - - - - 1°235 6°176 | 3°254 
Albuminoid Nitrogen - - - - - - - - ‘576 2°84 1°330 
Nitric Nitrogen - . . : - . . - _ — — 
Chlorine” - : - - - - "te - - 5°2 23°6 12°7 
Oxygen absorbed from KMnQ, in 4 hours - . - - 7297 18°400 12°851 
Dissolved Oxygen taken up in 24 hours” - . . - a — -- 











Number of samples analysed for the average = 16. 


Septic Liqguor— 
Average rate of flow through the Tanks - : : . 5 le 


Amount of Sludge dealt with during the month - : os eee 


Average Analysis of Septic Liquor. 











——— Best. | Worst. | Average. 
| 
Ammoniacal Nitrogen - - - - - - - "412 6588 3°784 
Albuminoid Nitrogen - - - - - - - - 184 1153 523 
Nitric Nitrogen - - - - - - - - 341 114 126 
Chlorine - - - - - - - - - - 52 120 10°8 
Oxygen absorbed from KMnOQ, in 4 hours - - - - 1513 10°000 . 19164 
Dissolved Oxygen taken up in 24 hours - - - - — - _- 








Number of samples analysed for the average = 16. 
FILTerRs— 
Number of times Primary Beds were filled during month - - - 59 Average filling - 2 
Number of times Secondary Beds were filled during month - - = 459 Average filling - 


Estimate of amount of Tank Liquor treated per cube yard per 24 hours - — 


Average Analysis of Filter Egiuent. 





a Best. | Worst. Average. 








Ammoniacal Nitrogen - . - - - - - - "144 _ 1316 "701 
Albuminoid Nitrogen - - - = : : ‘ ‘064 "165 118 
Nitric Nitrogen - : : - : : : . 2°905 "592 1333 
Ghlorméer 7 - ae > = See 6°8 12°8 10°3 

Oxygen absorbed from KMnQ, in 4 hours - - - - "591 1°870 1'205 


Dissolved Oxygen taken up in 24 hours” - . a at = es a 








Number of samples analysed for the average = 16. ; 
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December 1904. 


















































February 27th, 1905, 


‘SEWAGE— 
Average daily flow - : . — - Rainfall : Sees - 0°09 inches 
Maximum daily tiow . - — - Rainfall - - . - O59. 
Minimum daily flow - - - — - Rainfall - - - - Nil. 
Average Analysis of Sewage. 
—— Best. | Worst | Average. 
‘Ammoniacal Nitrogen > 4- wey ie - - - 1°235 3°706 2°242 
_Albuminoid Nitrogen : - - - - ‘461 1°647 898 
‘Nitric Nitrogen - - - - - - - = = = _- 
‘Chlorine - - =} - - - - . - . 6°4 12.0 10°2 
~Oxygen absorbed from KMnO, in 4 hours - . - 8-000 16-000 13 484 
Dissolved Oxygen taken up in 24 hours” - . - - — -_~ — 
Number of samples analysed for the average = 18. 
‘Septic Liguor— 
Average rate of flow through the Tanks - - . - - -_ = 
Amount of Sludge dealt with during the month - - - - a 
Average Analysis of Septic Liquor. 
——— Best. | Worst. | ' Average. 
_Ammoniacal Nitrogen - - : : - - é 1225 3°706 2°496 
Albuminoid Nitrogen - - - - . "441 1318 535 
Nitric Nitrogen - - - - 118 Nil ‘099 
‘Chlorine — - : : - : - - - 6:0 116 oF 
Oxygen absorbed from KMnO, in 4 hours - - - 4°708 9°545 6°968 
Dissolved Oxygen taken up in 24 hours ae i. are 
Number of samples analysed for the average = 18. 
Finrers — 
Number of times Primary Beds were filled during month - = - 61 Average filling - 2 
Number of times Secondary Beds were filled during month — - 2° 26 Average filling - 2 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours — - — 
Average Analysis of Filter Effluent. 
—— | Best. | Worst | Average. 
Ammoniacal Nitrogen ey i : : - - - 065 15235 602 
Albuminoid Nitrogen . : - : ‘ 025 112 "089 
Nitric Nitrogen - . - . - . - - - 1°366 "469 "881 
Chlorine” - - : - - - - - - 6°0 10°0 81 
Oxygen absorbed from KMnO, in 4 hours - : : 506 27545 bas 
Dissolved Oxygen taken up in 24 hours’ - - . . ae 1 st 
Number of samples analysed for the average = 18. \ 


Raymond Ross, FL.C., FCS. 
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APPENDIX : 


BURNLEY CORPORATION 





DUCKPITS AND 


DISSOLVED OXYGEN IN Parts 





—- 


Effluent + Two volumes of Tap Water. 


























No. of oS a . 
Date, 1904. Bed. 
Immediate Incubated for | Incubated for Immediate Ineubated for 
Tritation. 6 hours at 80° F. | 24 hours at 65° F. ‘Lritation. 6 hours at 80° F. 
3 August - - 19 0°81 0°79 0°81 0°58 | 0 45 
4 August - - 16 0°73 0°48 0°28 0°23 Nil. 
5 August - 17 0°77 0°72 0°71 0°50 0°38 
10 August - - 22 0°74 0-74 0-72 0°30 0°26 
11 August - - 23 0°78 0-71 0°71 0°35 0-2] 
12 August - - 14 0°70 0°63 0°63 0:23 0:07 
17 August - - 15 0°80 0°78 0-74 0°28 0:27 
18 August - - 19 0°78 0°78 0°78 0°32 0:29 
19 August - 16 0°76 0°76 0°75 0°21 O-ll 
24 August - 17 0-71 0°69 0°69 0°29 0:18 
25 August - - 22 0°71 0°70 0°63 0°31 0-19 
26 August - — - 23 0-74 0°65 0-66 0:38 0-17, 
31 August - 19 0-92 0°85 0°92 0°62 0°57 | 
1 September - 14 0-79 0°75 0°67 0 31 0°07 
2September~ - 15 0°82 0°69 0:73 0:29 0-14 
8 September 16 0-94 0°80 | 0°64 0°43 0 30 
9September - 16 0-92 0°86 | 0°85 0°56 0°51 
14 September 22 0 95 0°92" | 0:91 0°46 0:42 
15 September - 19 1-06 0 89 | 0:90 0°55 0°50 
16 September - 14 0 90 0°85 | 0°89 O-41 0°32 
21 September - 15 1°07 0°83 0°88 0°43 0°43. 
22September - 16 0-90 0°77 0°67 * 0°29 0-14 
23 September - 17 0°82 0°76 0°76 0°39 0:27 
28 September 22 0°88 0°55 6°82 0°42 0:22 
29 September 19 0°86 0:77 0°85 0°55 0°52: 
30 September - 14 0-89 0:80 0°89 0°62 0-54. 
5 October - = 15 0°72 0°69 | 0°68 0°52 O42 
6 October - - 16 0°80 _ 0°74 0:53 — 
7 October - 17 0°80 0-74 0°63 0°61 0°57 
12 October - 22 0°84 0°75 / 0°82 0°54 0 50: 
13 October - 19 0:86 0°82 | 0:82 0°72 0°72 
14 October - - 14 0°88 0°84 0°88 0.66 0°63- 
19 October - : 15 0°86 0:82 0°80 0°63 0°57 
20 October - 16 088 0-82 | 0°82 0°56 0°56: 
21 October - 17 0°90 0°84 | 0°89 0°60 0-49. 
26 October - 22 0 89 0°87 0 86 0-74 0-68. 
27 October - 19 0°87 0°86 . 0°87 0-72 0.68 
2 November 15 0°86 0°84 0-84 0°59 0°55 











i i i 


WOOD END SEWAGE DISPOSAL WORKS. 


PER 100,000 By WeIGuHr. 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 


I 








Incubated for 
24 hours at 65° F, 


0-45 
Nil. 
0-36 
0-26 
O-1 
0-00 
0-23 
0-29 
O11 
0-20 
0-12 
0-18 
0-57 
0-08 
0-08 
0-20 
0-47 
0-43 
0-48 
6-32 
0-43 
0-07 
0-25 
0-38 
0-55 
0-57 
0-43 
0-48 
0-57 
0-48 
0-72 
0-64 
0-55 
0-46 
0-59 
0-70 
0°72 
0-57 
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Analysis of Second Contact Effluent. 





Free 
Ammonia. 


040 
085 
040 
-035 
250 


Albuminoid 
Ammonia. 


020 
032 
052 
“048 
072 
096 
080 
064 
040 
096 
052 
096 
030 
092 
088 
104 


056 
030 
048 
021 
024 
040 











Nitric 
Nitrogen. 


1°0221 
1-2365 
9309 
12714 
1:3870 
5674 
8536 
"7316 
8946 
1°4463 
12276 
11072 
“9985 
1:2544 
17910 
1-0075 
1} zals 
0°5702 
0°5702 
12516 
1:2349 
1°1227 
“7018 











Chlorine. 


8-0 
8°0 
9°2 
10°0 
10°0 
9:2 
8-0 
8°0 
72 
8-0 
8:0 
8°0 
6°8 
80 
8°8 
6°8 
6°8 
6:0 
7:2 
6:0 
8°8 
8°8 
8°8 
10°0 
8°8 
80 
10:0 
72 
6°0 
8-4 
5°6 
5-2 
5-2 
6°0 
6-0 
6:0 
6°8 
8-0 








3 minutes’ 


4 hours’ 


Oxygen Test. | Oxygen Test. 


“388 
‘271 
“297, 
488 





84) 
1160 
1°339 

‘976 
1 075 
120 

‘611 
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98 MINUTES OF EVIDENCE : 


SEVENTY-THIRD DAY. 





Wednesday, 10th May, 1905. 





PRESENT. 


The Right Honourable the Earn or IpDESLEIGH 
(Chairman), presiding. 

Sir Witr1am Ramsay, K.C.B., F.R.S. 

Major-General ConsTanTINE Puipps CAREY, C.B., 
R.E. 


Mr. W. H. Power, C.B., F.B.8. 

Colonel T. W. Harpine, J.P. 

Mr. T. J. STAFFORD, F.B.C.8.1. , 
Mr. F. J. Wru1ts (Secretary). 


ALSO PRESENT. 


Dr. A. C. Houston, M.D. 
Dr. Grorce McGowan. 


Mr. G. B. KersHaw. 
Mr. C. Co FRYE. 


Mr. Josxua Boron, Manager of the Heywood Borough Sewage Purification Works, called in ; and Examined. 


Mr. Joshua 


21057. (Chairman.) You are Mr. Joshua Bolton, 
Bolton. 


Manager of the Sewage Purification Works belonging 

_ to the Corporation of Heywood, and you have come 
10 May 1905. pofore us to-day to give the results of your experience 
“~~~ of sewage disposal works 7—Yes. 


21058. What is your general system of treatment of 
sewage at Heywood /—Chemical precipitation and sub- 
sequent single contact. 

21059. What is the population draining to the Hey- 
wood works ?-—23,500. 


21060. What is the system of drainage—that is to 
say, 1s the storm water either wholly or partially 
drained into a separate system, and if only partially, 
to what extent ?—Combined ; all storm water enters the 
sewers. 


21061. Is there any infiltration of subsoil water into 
the sewers ?—Yes. About 109,000 gallons per 24 hours 
in dry weather. 


21062. What is the water supply per head, and from 
what source does it come?—The water supply is 20 
gallons per head, and is collected on local hills. 


21063. Is it hard or soft water ?—It is soft water ; 
total hardness 5°, permanent 46°, temporary 0-4°. 


21064. What is the drainage area of the part of the 
town which is sewered ?—525 acres. 


21065. What proportion of the population use pail 
closets or middens, and what proportion use water- 
closets ?—Pails, 3,783; middens, 6,039; total; 9,822 
Fresh water closets, 1,211; slop water, 12,467 ; total, 
13,678. 


21066. Has the flow of sewage to your works been 
gauged? If so, what is the average number of gallons 
delivered at the works per day of 24 hours in dry 
weather, in winter and in summer?—Yes. The aver- 
age of the winter of 1903 dry days was 774,510 gallons 
per 24 hours. The average of the summer of 1903 dry 
days was 629,172 gallons per 24 hours, a difference of 
145,538 gallons per 24 hours. 


21067. What is the maximum dry weather rate of 
flow, and at what hour does this occur ?—The maximum 
dry weather flow is about 1,098,000 gallons per 24 hours, 
and takes place between the hours of 10 a.m. and 
5 p.m. 

21068. What is the mininum dry weather rate of 
flow, and at what hour does it occur?—The minimum 
dry weather flow is 324,000 gallons per 24 hours, and 
takes place between 1 a.m. and 6 a.m. 


21069. What is the maximum wet weather rate of 
flow which you have observed coming to your works, 
and during how many hours has this continued ?—Our 
storm overflows are set to deliver 4,200,000 gallons per 
24 hours. 
for 11 hours. 


21070. What storm overflows have you on your 
sewers, and at what rate or rates of flow do they come 
into operation ?—No storm overflows are fixed on the 
sewers. The whole of the storm water is conveyed to 
the entrance to the sewage works, where a half-inch 


This rate has been recorded continuously... 


primary screen is fixed, cleaned by revolving rakes. 
The grosser solids are thus arrested before the storm 
water passes over the storm overflows to the river. 
This storm overflow comes into operation at six times 
the average dry weather flow, 1.e., 4,200,000 gallons. 


21071. What is the largest number of gallons of 
sewage which have passed the storm overflow and come 
to your works in 24 hours ’—3,573,000 gallons. 


21072. Can you say what is the volume of water in 
gallons represented by the average yearly rainfall on 
the drainage area ?—Yes ; 562,008,000 gallons. 


21073. Can you give the Commission ani approximate 
statement as to the volume of sewage which comes to 
your works during the year, and the volume which 
passes over your overflows ?/—The volume which comes 
to the works is 394,025,000 gallons. No continuous 
gaugings have been taken as to the amount of sewage 
passing over the storm overflows. Gaugings during 
very heavy rain have registered at the rate of 50,000,000 
gallons per 24 hours. These flows have not been of 
long duration. The rainfall on the drainage area, plus 
the water supply, equals 533,558,000 gallons; deduct 
594,025,000 gallons delivered at the sewage works, 
leaves 139,553,000 gallons as having passed to the river. 


21074. Does the infiltration of subsoil water into 
your sewers occur regularly, or does it vary with the 
seasons or with the state of the weather; and can you 
give an approximate idea of the extra amount of liquid 
at one and another time entering the sewers from this 
source ?—It does not occur regularly, but differs ac- 
cording to the state of the seasons and weather, The 
only means I have of gauging this inflow is by com- 
paring the low night flows in summer and winter. 
From these figures I get an excess in winter over 
summer of 99,000 gallons per 24 hours. 


21075. How many gallons of trade effluents enter the 
sewers daily (24 hours), and what is the nature of these 
effluents ?—About 70,000 gallons per day. This con- 
sists of brewery, dye, tannery, and fellmongers’ waste. 
No analyses have been obtained owing to the manufac- 
turers having free access to the sewers. 


21076. Has your authority framed any rules as to 
the reception of trade effluents into the sewers ?—No. 


21077. Do you find that the trade effluents interfere 
with the process of purification by reason of their 
quality, variations in composition, fluctuations of 
volume or otherwise? If so, would you kindly tell us 
what your difficulties are?Trade effluents” of the 
nature we get do not interfere materially with the 
treatment when delivered in a regular stream. In the 
case of one or two manufacturers their wastes are turned 
into the sewers ati intervals in large volumes. There 
is then a difficulty in treatment owing to the precipitant 
not being regulated to the increased strength and 
volume of the sewage. 


21078. In dry weather what is the average amount of 
suspended matter in the sewage, and what are the 
highest and lowest figures in parts per 100,000 ?—The 
average amount of suspended matter in dry weather is 
29 parts per 100.000. The maximum amount is about 
46 parts per 100,000; during the night it has fallen 
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as low as 6 parts per 100,000. These figures do not 
include the screen refuse and the grit, etc., which 
settles in the “catch pits.” 
21079. What is the physical character of these solids? 
—tThe solids consist of large numbers of cotton fibres, 
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fat, insoluble soaps, small particles of paper, excreta, 
etc. 


21080. Can you give average analyses of the sewage 


for the years 1903 and 1904 in summer and in winter? 
— Yes, the analyses are as follows :— 








Oxygen absorbed 4 hours’ test - : ) - 
Ammoniacal nitrogen — - - . . - S 
Albuminoid nitrogen ie ge Slee a3 2 


Chlorine - - - oe “ - ‘ 2 e 








1903. 1904. 
Summer. | Winter. Summer. Wi. ter. 
| 
8°32 | 6°73 8°66 7°86 
3°23 | 3°19 3°52 3°51 
63 | "86 1-03 “80 
79 6-4 8°3 72 





21081. Is it a “strong” sewage, and, if so, what 
characterises its strength? — from the foregoing 
analyses I consider the sewage to be a fairly strong 
domestic sewage. I judge the strength of the sewage 
on the albuminoid nitrogen and the oxygen absorbed 
figures. 


21082. Does its strength vary very much from hour to 
hour or on different days of the week, and, if so, do 
these variations affect the quality of your final effluent 
to a marked degree?—The sewage varies considerably 
from hour to hour, as shown by the Diagram No. 1 on 
the oxygen absorbed test. We do not get a tank effluent 
which varies in the same degree. Taking the flow from 
day to day there is a varying strength on various days, 
_ Mondays and Tuesdays being the worst; this fluctua- 
tion is noticeable also in the subsequent effluents, as 
shown in the Diagram No. 2. (See Diagrams at end of 
Mr. Bolton’s evidence.) 


21083. How do you think “strength” of sewage, as 
affecting purification, is best expressed or measured ?— 
In my opinion the strength of the sewage is given best 
on the albuminoid nitrogen and oxygen absorbed 
figures. 


21084. Have you any information as to the bacterio- 
logical condition of the sewage ?—No. 

21085. Are there any chemical poisons in the sew- 
age ?—No. 

21086. Is the sewage always alkaline ?~Yes. 


21087. Do you find that the amounts of suspended 
solids are increased or diminished in times of storm ; 
and can you give the Commission the figures at the 
end of each hour during a storm of some hours’ dura- 
tion?—The suspended solids are greatly increased in 
times of storm. The following figures were obtained 
during heavy rain lasting four hours :— 

First rushes - - - 238 parts per 100,000 
110 


After one hour - - ” ” 


After two hours - * DGS aes ” 
After three hours - = SL gee ete ” 
After four hours - SENS ye as ” 
After five hours - 3 Soin% 5 MAS, ” 
After six hours - Ew rien tisk! ee ” 
After seven hours - 18 


a3 oP 2? 

21088. How many years ago were your sewers laid, 
and do you know whether they have sunk much in places 
so as to allow solids to accumulate ?—Thirty-five years. 
There are a number of places where the sewers have 
sunk, and accumulations do occur, and are washed to 
the sewage works in times of storm. 


21089. What is the character of the liquid part of the 
sewage in storm times? Perhaps you could illustrate 
this by analyses of the liquid portion in dry weather 
and in storm times ?—The liquid part of the sewage for 
the first two hours is very foul. If the storm is of 
long duration the liquid gradually gets weaker. Tho 
following figures show analyses of (a) the liquid 
part of the sewage, (b) the liquid part after two hours 
storm flow, and (c) after five hours storm flow :— 


(a b c 
Oxygen absorbed (four 2, 
hours’ test) - - 5°80 3°20 1°62 
Ammoniacal nitrogen - 1°65 2°70 1°19 
Albuminoid nitrogen - 39 "24 “10 
Chlorine - - - 83 7-4 4:9 
6225—Ap. I. 





21090. In what way or ways do you think the sew- 
age which comes to the works should be dealt with in 
storm times? Perhaps I should amplify this question 
a little. The usual requirements of the Local Govern- 
ment Board are, I understand, that any increase in 
flow up to three times the normal dry weather rate 
should be fully dealt with by the ordinary complete 
plant, and that a certain number of additional dilu- 
tions—up to a total of six—should be treated on special 
storm filters. Do you think these are proper require- 
ments, or do you think they should be modified in any 
way? It is, I believe, often found that the storm sew- 
age which first comes down to the works contains a 
largely -increased amount of suspended solids, and I 
should like to know whether you consider that your 
ordinary (dry weather) plant is exposed to damage in 
any way—as, ¢.g., rapid choking—by having to deal 
with this amount of storm sewage, and whether you 
think it would be better to adopt some other treatment. 
Although the storm sewage, including the suspended 
solids, is a very polluting liquid, possibly the liquid 
vortion alone is not very polluting, and this suggests 
that settlement of all the sewage arriving at the works 
in time of storms in tanks for a few hours, after, pos- 
sibly, the addition of chemicals, might perhaps be a 
better plan of treatment than passing a portion of it 
through the ordinary plant, and the balance through 
storm filters. Would such settlement alone be suffi- 
cient for the whole of the sewage arriving at the works 
in times of storm? I should be glad if you would 
state your views fully on this question and if you would 
also tell the Commission what number of dilutions you 
think it practicable to treat in one or another way ?— 
At Heywood we have endeavoured to treat our storm 
water in accordance with the requirements of the Local 
Government Board. Three times the dry weather flow 
being passed through the tanks, and from three to six 
times the flow dealt with on special storm filters. 
In my opinion this method is not the most satisfac- 
tory, either to the local authorities or to the condi- 
tions of the rivers. I find that admitting three times 
the dry weather flow to the tanks brings about a serious 
condition in the tank effluent. Not only is the effluent 
at first composed of partly settled sewage, but the 
sludge in the tanks is disturbed, and in the course of 
two or three hours after the storm flow has reached 
the works the tank effluent is in a worse condition than 
the in-coming sewage. The effect of passing this 
effluent on the filters is almost ruinous. The whole 
surface of the filters (contact beds) becomes coated with 
a layer of fine mud, which requires removing at con- 
siderable expense before the ordinary volume can be 
passed on the bed, the sludge interfering with the free 
passage of the liquid. In our storm filters provision 
is made for treating 500 gallons per square yard. 
There is a cast-iron distributing trough down the centre 
of the beds. When the storm water reaches the troughs 
it flows over the sides and down through the cinders 
to the effluent drains until the surface becomes choked. 
The water then flows over the choked surface to the 
free portions of the bed, thus gradually choking the 
whole areas of the beds. The surface of our beds 
become choked at the rate of 355 square yards per 
month when dealing with a storm flow on a dry weather 
prs of ee gallons per day. The flow through 
pci eeres is extremely rapid, owing to not being 

enly distributed over the bed. The following are 
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average analyses after the first rushes of a storm: (a) 
Storm sewage two and a-half hours after storm com- 
menced, (b) same sewage after being settled two hours 
in a tank, (c) storm filter effluent 20 minutes after 
sampling (a) :— 


(a) (b).7 291Xe) 
Oxygen absorbed (four 
hours’ test) - - 5:00 3°20 3°66 
Ammonical nitrogen - 1:84 1.55 1:64 
Albuminoid nitrogen - ‘56° “37 “56 
Chlorine - - - 48 4°5 4-6 
Suspended solids - - 61 16 23 


The two hours settlement gave a better result than the 
storm filters. I consider a good plan of dealing with 
storm water would be to pass only twice the average 
dry weather flow through the ordinary tanks, and from 
two to six times through special settling tanks having 
a capacity equal to a six hours’ flow. I think a 
portion of the effluent from these tanks could be passed 
through percolating filters more rapidly without doing 
damage than could an effluent from the ordinary dry 
weather tanks when worked at the rate of three times 
the dry weather flow. Though the increase in volume 
should be obtained by decreasing the intervals of rest 
between the discharges rather than by turning it on in 
excessive volumes. A great saving could be effected 
by collecting the sludge from the storm water in tanks. 
and dealing with it along with the other sludge rather 
shan by collecting a portion of it on storm filters and 
skimming it off by manual labour. 

21091. What shape and size are your storm over- 
flows ?—_Our first overflow is in the form of a leap weir 
8ft. long. A half-inch primary screen is fixed in front 


of the overflow so that the grosser solids do not go to. 


the river. This does not work very satisfactorily. 
Another overflow is fixed on the weir principle, which 
passes any excess (which has passed the leap weir) on 
to the river. These sills are 4ft. 6in. long. 


21092. Would it be possible to have a standard form 
of overflow, and how would you fix the point at which 
overflows should be allowed to come into operation ?— 
I think a good form for a standard overflow would be 
one with a long sill and two or three baffle plates fixed 
at right angles to the sill. Whatever number of dilu- 
tions are decided on, the sill and baffle plates should ke 
fixed go that the baffle plates would turn the excess 
water either to the river or storm tanks as the case 
may be. This arrangement could be easily arranged for 
either fixed or movable overflows. 


21093. Do you think that the point at which storm 
overflows should come into operation should depend 
on the configuration of the land, eg., whether it is 
hilly or flat, etc., and upon the character of the sur- 
face soil geologically ?—I do not see how it would be pos- 
sible to arrange a fixed overflow to suit varying condi- 
tions. The first rushes of storm water in a hilly dis- 
trict bring down large quantities of solid impurities 
which ought to be intercepted. However, if the storm 
overflows were fixed high to intercept it, a large volume 
of weak sewage would unnecessarily be passed on to the 
works, and would probably push out the partly-settled 
strong storm water at the other end. 


21094. Should storm overflows be fixed or movable ?— 
Tf storm overflows were movable some of the difficulties 
would be overcome. The possibility of misuse would 
be a strong factor against movable overflows. Under 
sound and réliable control a movable overflow would 
be most satisfactory for general conditions. 


21095. Do you think the number of dilutions at 
which storm sewage may properly be allowed to pass 
into the stream should be dependent upon the size and 
nature of the stream into which the storm sewage would 
pass? Is it possible, for example, that in some circum- 
stances no injury to the stream would be caused by. 
allowing overflows to come into operation when the 
increased flow was slight, while in others this would not 
he the case ?—It may be possible in towns on a tidal 
river to allow the storm overflows to come into opera- 
tion at a less number of dilutions than inland towns. 
I do not think there are any rivers which do not suffer 
from the first rushes of storm water, though naturally 
the tidal rivers will not suffer to the same extent as the 
inland rivers. My experience on a river of 30 times the 
volume of the inflowing sewage effluent is that the river 
becomés seriously polluted during the first rushes of 
storm water. J 


21096. Could you give us an analysis of a typical 
sample of your road water during the early period of a 
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storm?—Yes. A sample of road water taken in prin- 
cipal streets during first rushes of storm gave the follow- 
ing analysis : — 


Oxygen absorbed in 3 minutes- - 12-50 
Oxygen absorbed in 4hours~ - - 19-90 
Ammoniacal nitrogen - - - ated 
Albuminoid nitrogen - - - - ‘49 
Chlorine - - - - - = ao 
Suspended solids, vol. - - - . 25 
Suspended solids, non-vol. - - - 59=84 
Solids in solution, vol. - - - 22 
Solids in solution, non-vol. <i oe 51=75 
Total solids- ~~ - - - - 157 


21097. Have you any information as to the bacterio- 
logical condition of the road water ?—No. 


21098. Do you consider that in certain circumstances 
the road water should be purified ?—I consider that road 
water should have some form of rough treatment, such 
as settlement in tanks, before. being passed into a 
stream, 


21099. What are your views as to the comparative 
tost and advantages of the separate and combined 
systems of sewers P—I have not had any experience with 
the separate systems of sewers. 


21100. Is your sewage settled, and, if so, how ?—Our 
sewage is settled after the addition of chemicals. 


21101. Do you prefer to use precipitation tanks in 
series or in parallel?—I prefer to work the tanks in 
parallel, thus getting a divided quantity of sewage in 
each tank, and consequently a more gentle flow through 
the tanks. 


21102. In the case of continuous flow tanks, do you 
think there is any advantage in the employment of 
baffling boards or walls?—I do not find much to be 
gained by baffling walls. I have tried both methods— 
that is, with and without—and did not find any benefit 
from the walls. They were a source of considerable 
inconvenience during sludging operations. Scum or fat 
poards at the outlet end I find very effective in keeping 
the floating matter from passing on the filters. 


21103. How is the sludging of tanks done at your 
works? Have you means of storing sludge, or do you 
have to get rid of it as soon as it is removed from the 
tanks ?—The sludging at our works is done in two 
methods. Two tanks have Candy’s travelling sludge 
removers erected in them. These work by a syphonic 
action, and deliver the sludge into a deep channel run- 
ning between the two tanks, which is connected to the 
sludge culvert. After the syphon has been started the 
machine is made to travel along racked rails (upon 
which it is mounted) by means of pinion gearing 
actuated by hand. This method has the advantage of 
the tanks not being run off for sludging operations. A 
large quantity of water is brought over by the appa- 
ratus, and the tanks are not nearly so well freed from 
sludge as are the other four tanks, which are sludged 
by means of running as much liquor off as possible and 
then sweeping the whole of the sludge out of the tanks. 
With care it can be arranged that the tank previously 
sludged can be filling during the period the next tank is - 
being run off for sludging, and thus preventing any 
extra rush being turned on the filters. We have one 
day’s storage capacity. 

21104. Should the heavy (road detritus, etc.) portion 
of the suspended matter in sewage be removed as a first 
operation, or do you think it better and more econo- 
mical to let everything settle in the tanks, and subse- 
quently to screen the sludge ?—It is far better to re- 
move the heavy road detritus as a first operation, par- 
ticularly where the sludge has to be pumped after being 
removed from the tanks. The grit from the road sur- 
faces has a very serious effect on the brass plungers and 
valves in the pumps. In cases where no pumping is 
required I still think it advisable to remove the road 
detritus as a first operation, as this matter in times of 
storm is of great bulk and settles in the tanks an inert 
substance, and rapidly diminishes the capacity of the 
tanks. 


21105. You have had experience of chemical precipi- 
tation of sewage P—Yes, 


21106. Have you any reason to think that sewage 
from which the solids have been removed by the aid of 
chemicals is less easily purified by subsequent filtration 
than sewage from which the solids have been removed 
by settlement or by passage through septic tanks P—My 
experience at Heywood has been that a chemically 
treated sewage was more easily treated in the contact 
filters than a sewage treated in a septic tank. 
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21107. Have you tried various chemicals? Can you 
give any comparative data on the practical value and 
cost of different precipitants for the preliminary treat- 
ment of sewage, stating whether you are referring to 
the precipitation of strong or of weak sewage ?—I have 
tried various chemicals. Iron and alumina compounds 
have been used under such trade names as alumite, 
kremnolite, ferrozone, aluminoferric, etc. Alumino- 
ferric is the best precipitant tried at Heywood. With 
ran addition of 8 grains per gallon a purification of 62 
per cent. is brought about. This equals £1 7s. 6d. per 
million gallons. Ferrozone under the same conditions 
‘rought about a purification of 57 per cent., equal to a 
cost of £1 6s. 6d. per million gallons. Thus for 3°6 per 
cent. reduction in price 8 per cent. less purification was 
abtained by ferrozone. 

21108. What is the most effective way of adding 
-hemicals ?—In solution of known strength. 

21109. What is the average analysis of the liquor 
from your precipitation tanks? What-length of time 
does the sewage remain in the tanks?—The average 
sanalysis is as follows :— 


Oxygen absorbed (4 hours’ test) - - 338 
Chlorine - -)- - Z MR Se sy 
Ammoniacal nitrogen - - = =e Oe 
Albuminoid nitrogen s . “ Ley 
Nitric nitrogen = - = ¢ - Traces 
Suspended solids” - a = = eae Act 


_An effluent containing as low as 2 parts per 100,000 is 
often obtained. When storm flows are turned through 
‘the tanks the suspended solid figure gets as high as 25 
parts per 100,000. The rate of flow in dry weather is 
24 hours. 


21110. What is the character of the suspended matter 
an such liquor P—The suspended solids consist of broken 
-cotton fibres, insoluble soaps, small particles of the pre- 
cipitate, aluminium hydrate, and gelatinous albu- 
minoids, which give a cloudy appearance to the effluent. 
In times of storms fine particles of clay, straw, etc. 


21111. Do you find it necessary to add further ckemi- 
cals to the sludge before it can be dealt with? If so, 
‘for what reasons, and what chemicals do you use, and 

how are they added ?—We find it necessary. to add a 
small quantity of lime to the sludge to keep it porous 
and to prevent it sticking to the sheets. The quantity 
sadded is 12 per cent., and it is mixed just previous tu 
‘the sludge being passed into the ejectors. 

21112. What is the manurial value of the sludge 
-obtained by the chemical precipitation of the sewage at 
your works, and will farmers take it?—The manurial 
value of the sludge is good. It is all taken by local 
farmers, and large crops are raised from it. It contains 
-on analysis :— 


Moisture - - 56°23 
Organic matter - 1995 
Mineral matter - 23°82 
100-00 
Nitrogen equal to ‘95 of ammonia. 
Phosphate of lime 1:44 


21113. Do you find any nuisance from the treatment 
“of sewage in chemical precipitation tanks? Have any 
complaints been made ?—tThe smell from the tanks is 
-only offensive during sludging operations. There are no 
dwellings near, and consequently no complaints have 
been made. 


21114. As regard septic tanks, how should they be 
-shaped ?—Rectangular, length about four times the 
width. 

21115. Should they be divided into sections ?—Not in 
‘the tank proper. When not preceded by catch-pits, a 
grit chamber should be built at the inlet end, which 
-could be cleaned without disturbing the tank. 


21116. Should they be used in series or in parallel P— 
‘In parallel. 


21117. Is a scum necessary or desirable ?—I do not 
“think scum is absolutely necessary, but it is desirable. 
A scum has the advantage of keeping the smell down, 
-and, further, keeps the lighter solids over the whole 
surface, and thus prevents them being washed out of 
‘the tanks before they have been resolved into simpler 
-compounds. 


21118. Should the septic tank be closed in, and, if 
“so, what advantages does a closed tank possess over an 
<open one P—I do not think a septic tank need be covered 
-when a fair distance from any dwellings, but should 
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dwellings be near it would be a good plan to cover the 
tank and thus avoid nuisance from smell. 


21119. What do you consider the best arrangement 
for the “feed” and “ draw-off ” ?—Dibbing inlets and 
bent outlets, as shown in the sketch below :— 





21120. At what rate is sewage, as a matter of custom, 
passed through your septic tanks?—At the rate of the 
dry weather flow of 24 hours. 


21121. What is the most advantageous rate of flow 
through septic tanks, and what is the rate of flow at 
which quicker passage through the tanks becomes, in 
your opinion, distinctly disadvantageous? Do you 
think that the rate of flow should depend on the 
strength or character of the particular sewage which is 
being dealt with ?—I consider the best method of work- 
ing septic tanks is to have the tank liquor coming away 
as uniform as possible, and to get this, with either a 
weak or strong sewage, the tank should have a capacity 
equal to 24 hours’ dry weather flow. In this manner 
we get the varying strengths mixed as far as practicable, 
and a fairly even flow going on to the filters. My 
experience is that when the flow is increased up to the 
rate of three times the dry weather flow the sludge 
which has settled in the tank is disturbed, and portions 
pass over with the tank liquor, which is decidedly dis- 
advantageous. 


21122. Is it possible to “ over-septicise” a sewage, 
and. if so, for what reasons, and how is the “ over- 
septicising ” brought about ?—It is possible by too slow- 
working of septic tanks to get the effluent giving off 
very offensive odours of sulphuretted hydrogen. 


21123. What is the amount of digestion in your septic 
tanks, and how do you calculate this P—My experiments 
were conducted in a small tank not suitable for making 
calculations as to digestion. A large tank is now at 
work which will shortly be available for calculations. 
The amount of digestion I should calculate from the 
solids in the sewage minus the solids in the effluent plus 
the sludge. 


21124. Do you think a certain amount of sludge 
should be removed periodically from septic tanks, or do 
you prefer to work them for a considerable period with- 
out cleaning and then remove all the sludge P—I find it 
better not to take small portions of the sludge out ef 
the tanks at short intervals, as this disturbs the tank, 
and it is necessary to allow time for settling. I find it 
better to let the tank run a fair length of time and then 
remove all the sludge. 


21125. How often would you clean out the sludge P— 
Circumstances would have to govern the period of clean- 
ing. I should not let the tank get half full of sludge; 
when it was approaching this I should empty it. 


21126. How do you think the sludge should be taken 
out of the tank, and how should it be disposed of ? Does 
any nuisance attend the operation ?—The sludge should 
be removed by drawing as much water off as possible, 
and then passing the sludge through a pipe at the 
bottom of the tank, to be dealt with in the sludge 
presses, and afterwards burned. A very offensive smel 
is given off, which would no doubt be a nuisance if 
dwellings were near. 

21127. Do you find that the suspended solids coming 
away with the tank liquors tend to increase in amount 
towards the end of the period of working, i.e., as the 
time approaches for removing sludge from the tank ?— 
Yes, 


21128. What amounts of suspended solid, stated in 
parts per 100,000, are contained in your septic tank 
liquor at the commencement of the period of working 
the tank, i.¢., just after the tank has been cleaned out, 
and at the end of period, i.¢e., when the tank is thrown 
out of use for the purpose of cleaning out, and what is 
the average amount?—In the small tank the solids 
were not determined, but the increase was very per- 
ceptible in the appearance of the samples. In some 
samples I examined from a neighbouring authority the 
solids in suspension, after starting, averaged 3 parts 
per 100,000. A number of samples examined when the 
tank had been working six months contained 9 parts per 
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100,000 of suspended solids. 
character. 

21129. Should any portion or the whole of the sew- 
age which arrives at the outfall works in storm times 
be passed through the septic tanks ?—I do not find it 
advisable to pass storm water through septic tanks at 
a greater rate than twice the average dry weather flow. 


21130. If storm sewage is passed through a septic 
tank, does this cause an increase in the amount of sus- 
pended solids issuing from the tank, and, if so, can you 
give us figures (in parts per 100,000) showing what the 
increase is?—Yes. A considerable increase in the 
amount of suspended solids takes place when storm 
sewage is passed through the tanks at the rate of three 
times the dry weather flow. The suspended solids have 
increased up to 38 parts per 100,000 in times of storm. 


21131. Have you made any observations. as to the 
effect of raising the ordinary level of the liquid in a 
septic tank through the admission of storm sewage or 
the use of automatic gear ?—Our tanks would not per- 
mit of the level being raised, and I have therefore not 
been able to try this method. 


21132. Do you find that septic tank liquor is more 
easily treated on filters than settled sewage or than 
precipitated sewage, assuming that in each case you 
have the same amount of suspended solids in your tank 
liquor ?—In practice at Heywood I do not find that 
septic tank liquor is more easily treated than precipi- 
tated sewage. We get on an average 64 per cent. 
purification in the filters treating precipitated sewage, 
whilst the filters treating septic tank liquor gave only 
53 per cent. The suspended solids in the septic tank 
effluent were more abundant than the solids in the pre- 
cipitated effluent by appearance. The suspended solids 
were not regularly determined during the experiments. 


The sewage is of a weak 


21133. Are the impurities in solution in sewage 
materially different from the impurities in solution in 
septic tank liquor ?—I have no data, 


21134. Have you any data on the relative value of 
plain septic tanks and septic tanks filled with rough 
stones or flints P—No. 


21135. Do you find any nuisance from the treatment 
of sewage in septic tanks? Have any complaints been 
made P—A very offensive smell is given off, and if houses 
were in the near vicinity I think complaints would be 
made. 


21136. Do you think it desirable that the suspended 
solids in sewage should be removed as far as practi- 
cable before sewage is filtered? If so, what do you con- 
sider a practicable limit to get down to?—I think it is 
essential that the solids in sewage should be removed as far 
as practicable. The practicable limit would be lower in a 
chemically treated sewage than in a septic sewage. 
Four parts per 100,000 could be attained in a chemically 
treated sewage, whilst 8 parts per 100,000 should he 
aimed at for septic tank effluents. 





21137. What, in your opinion, is the best way of 
removing suspended solids?—A well-constructed tank 
with suitable inlets and outlets ought to answer. 


21138. Have you any experience of any mechanical 
device or any special tanks for freeing tank liquor of 
suspended matter before delivering it to filters 7—I have 
no practical experience of either mechanical arrange- 
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ments or special tanks. The solids in the tank 
effluent could be reduced very considerably by means 
of a mechanical filter, or centrifugal action in tanks. 
The expense in the first method and the head required 
in the second method would be great disadvantages. 


21139. What other (if any) method of dealing with 
tank liquor before delivering it to filters do you regard. 
as necessary or desirable ?—I do not think any further 
treatment is necessary before being .delivered to the 
filters. 


21140. May I ask you to put before the Commission 
a full statement of your views as to the comparative 
cost and relative advantages of the various methods of 
settlement. I am not sure whether it would be possi- 
ble for you to make this comparison on the assumption 
that in each case you reduce the same sewage down to 
the same figure for suspended solids, but if this could 
be done it would be useful to include a comparison on 
this basis. In framing your answer, please take into account. 
the question of nuisance, the subsequent dealing with the 
sludge, the subsequent purification of the tank liquors, 
and the annual cost as well as the initial expenditure. 
It may be that with some kinds of sewage you would 
prefer one method and with other kinds another. If 
so, perhaps you would kindly indicate what rules you 
think should determine the choice ?—My experience is 
limited on this question. I have only had experience 
with quiescent settlement with chemicals, continuous 
flow settlement with chemicals, septic tank treatment. 
The sewage has been treated as it has arrived at the 
works, irrespective of the result—that is to say, no 
extra period of settlement has been given to reduce the 
suspended matter to one figure. In actual practice 
this is not possible. As regards quiescent settlement : 
In this method the same amounts of chemicals were 
used as in the continuous settlement. A slightly 
better result on the average was obtained. The dis- 


_advantage of the system was that more attention, and 


consequently extra labour, was required. Secondly, 
the effluent was not at all even. The tank which re- 
ceived the night flow when run off was exceptionally 
weak, and the tank which received the day sewage was 
correspondingly strong when run off; in fact, we got 
almost the same degree of variation as appeared in the 
incoming sewage. The equalisation of continuous 
settlement was lost and extra labour required. As 
regards continuous flow settlement: This method did 
not give quite so good results as the quiescent settle- 
ment, but the effluent was more uniform and the 
labour less. The percentage purification was 62, and 
the cost of filtering was about equal. As regards septic 
tank treatment: In this form of treatment the tank 
purification is only 36 per cent., against the above 62 
per cent. Considerable saving is affected in chemicals, 
which will in Heywood amount to £353 per annum. 
We calculate a further saving of nearly one-half the 
sludge pressing. In the case of septic treatment double 
contact beds were required to get an effluent as satis- 
factory as a chemically precipitated effluent and one 
contact. So whilst a saving in chemicals is effected by 
septic tank treatment, the area of beds to be. con- 
structed would be increased in the proportion of 100 
for chemical precipitation and 166 for septic tank 
treatment. 

The following is the annual cost at Heywood for the 
three systems, contact beds being used in all cases :— 











Cost per annum for sludge pressing - - : - - 
Cost per annum for chemicals and labour - - - - 
Cost of labour in attention and sludging - - - - 


Interest and sinking funds on capital expenditure - - 








Continuous Flow (Quiescent ° te 
Settlement. Settlement. Septic Tanke. 
Ces ed: SO aes Ss At Fo ls 
662 16 2 662 16 2 340 0 0 

- 821 6 3 Sh4 330 a7 = 
- — = 381 6 0 
LAT? 4 '07%4: 1,31% 11 Oe 1,533 5 0 
2,801 2 9 2,834 11 1 2v54 Ti 0 














The double contact bed did not work long enough to 


make a calculation as to the period of sludging up. 


The risk of nuisance is greater in septic tank treat- 


ment. 


21141. As regards contact beds, is it advisable to 
construct the whole or any part of the interior of build- 
ing materials, or may you in some cases dispense with 
this entirely ?—It is advisable to construct contact beds 
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of building materials when the site is limited, but 
where the area of the site is unlimited, and the levels 
are such as would permit the beds being excavated out 
of good ground, e.g., clay, then it may be advisable for 
economy to construct them without walls; but in all 
cases 1 think some impervious material should be 
placed in the bed to prevent the soil heing worked up 
into the filtering material. 


21142. Do you find that within certain limits the 
depth of contact beds may vary without affecting their 
efficiency? If.so, what limits do you think are per- 
missible ?—I think a bed should not be more than four 
feet in depth, for I find that the rate of purification is 
not so rapid at and below this depth as in the upper 
layers of the bed. 


21143. What do you consider is the most convenient 
size for a contact bed ?—From one-ninth to one-twelfth 
the units; so that if a bed is thrown out of use for a 
rest it should not put so much area out of use. 


21144. What do you find to be the best filtering 
materials? What is the material (which can be had in 
practicable quantity) that, while efficient, is in your ex- 
perience the least disintegrable in a contact bed ?— 
Gas coke gave slightly better results than clinker in 
our experiments, but it had a greater tendency to fall. 
In our district well-burned furnace and destructor 
clinker is the best material, which can be got in bulk. 


21145. What size should the filtering material be, 
and should it be graded in the beds?—The sizes we 
found to work well were, for first contact beds, to pass 
14-inch mesh and be rejected by 3-inch mesh ; second 
contact beds, to pass $-inch mesh and be rejected by 
‘-inch mesh. I don’t think the material should be 
graded in the beds. It is advisable to place a small 
quantity of fine material near the inlet troughs; by 
this means a large quantity of suspended matter is 
‘prevented from entering the bed. 


21146. How should the bottom of the bed be con- 
‘structed ?—Of impervious material, slightly inclined 
towards the outlet, and well drained with perforated 
pipes. 


21147. Do you think it generally desirable that 
ssewage should be subjected to some form of tank treat- 
ment before it is put on contact beds ?—Yes. 


21148. What. periods of filling, standing full, empty- 
‘ing, and standing empty do you consider best in practi- 
cal working for primary beds and for secondary beds ?— 
‘The most satisfactory results were obtained on the 
first contact beds by the following periods: One hour 
tilling; two hours full; half-hour emptying; four and 
a half hours resting. The second contact beds were 
worked at the following rate, being of the same size as 
the first contact beds: Half-hour filling; two hours 
full ; half-hour emptying; five hours resting. 


21149. How should contact beds be filled and 
emptied +~-Under personal control. 


21150. If you have had experience of automatic gear 
for filling and emptying contact beds, would you kindly 
give your views of such gear?—I have not had any 
practical experience of automatic gear for working 
filters. On our beds I fixed electric contacts, and by 
this means a large bell was rung when the bed was 
nearly full, thus saving constant attention and overfill- 
ing of the beds. 


21151. What amount of tank liquor per cubic yard of 
filtering material can, in practice, be properly treated 
in a primary contact bed in 24 hours? If the amount 
varies with the quality of the tank liquor, please state 
iby analytical figures what quality of tank liquor you 
‘are assuming in your answer, and how differences in 
the tank liquor affect the amount that can be properly 
treated ?—I found that three fillings per day, equalling 
100 gallons per cubic yard, with a septic tank liquor 
‘containing 35 parts of albuminoid nitrogen, and absorb- 
ing 5-25 parts of oxygen in the four hours test, gave a 
percentage purification of 50 on the oxygen figure, and 
66 on the abuminoid nitrogen. I don’t see how in 
actual practice it would be possible to give a variable 
contact with various strengths of sewage, as the sewage 
has to be dealt with as it arrives at the works, and the 
strength is highest when the flow is highest. 
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21152. What amount of liquid from a primary bed 
can in practice be properly treated on each cubic yard 
of filtering material of a secondary bed in 24 hours ?— 
About 14 times the quantity treated on the first con- 
tact bed. 


21153. Can these quantities be increased by more fre- 
quent filling and emptying in times of storm without 
impairing the efficiency of the beds or the quality of 
the effluents ?—Yes, with storm water proper, provided 
the suspended solids have been considerably reduced. 
The storm water should be passed through the beds at 
the same time as the weak storm effluent from the 
septic tanks. The tank liquor which comes out of the 
tank when storm water is admitted is very strong for 
the first few hours, and this could not be passed 
through the bed effectively at a quicker rate. 


21154. Is one contact sufficient for the conversion of 
certain tank liquors into a satisfactory effluent? If 
so, please state in precise terms (t.e., by analytical 
figures) of what tank liquors you are speaking, and 
what effluent you are regarding as satisfactory ?—I 
think one contact is sufficient for weak tank liquors 
from Sunday sewages or a well-settled storm water 
where the four hours oxygen absorbed figure is as low 
as 2:5 pirts per 100,000 and the albuminoid nitrogen 
‘20. These figures could be reduced by one con- 
tact down to 1 part for the oxygen absorbed figure 
and about ‘1 for the albuminoid figure, which I should 
consider a satisfactory effluent. 


21155. At what rate or rates do primary contact beds 
and secondary contact beds lose their water-holding 
capacity ?—-At the commencement our primary beds 
had a capacity of 49 per cent., and the secondary beds 
50 per cent. After working 40 weeks and receiving 720 
fillings the capacity of the primary bed was 32'2 per 
cent. and the secondary bed 54°5 per cent. In the 
single contact beds treating the chemically precipi- 
tated effluent the capacity remains fairly constant. 
Rough measurements have been made from time to 
time by means of a weir, the capacity being about 32 
per cent. Careful actual measurements were made on 
October 13th, 1902. After working four years and ten 
months and receiving 3,972 fillings the capacity was 
then 34°42 per cent. The last actual measurement 
was made on March 22nd, 1905, after working six 
years and three months and receiving from the pre- 
vious actual 2,420 fillings, or a total of 6,592 fillings 
since bed commenced, the capacity was then 31°9 per 
cent. The following is an analysis of the liquor which 
was being treated :— 


Oxygen absorbed, four hours’ test - 5°38 
Chlorine - - - - - - = 00 
Ammoniacal nitrogen - - - - 1°99 
Albuminoid nitrogen’ - - - - ‘42 
Nitric nitrogen - - - - - Traces. 
Suspended solids - - - - - 40 


21156. What causes the loss of capacity ?—With our 
beds treating the precipitated sewage the loss of capa- 
city is due to the gelatinous growth on the material. 
This grows fairly regularly when the usual volume of 
water is treated. The capacity can be restored by rest- 
ing the bed. With the beds treating septic tank liquor 
the diminution in capacity was more rapid, and did 
not regain its capacity to the same extent, proving that 
the loss of capacity is due to the solid matter which is 
pessed on the bed. 


21157. Can the material of a clogged bed be washed, 
and, if so, how can this best be done, and at what cost 
per cubic yard?—I hav> tried to wash the beds by 
means of a current of water turned in an upward cur- 
rent through the bed, using the effluent from the other 
beds. This was not satisfactory, as the head available 
was not sufficient. The best method I know of is to re- 
move the material from the beds and pass it through 
a revolving screen along with a supply of water. It 
is said that this method costs 1s. per cubic yard, but 
I think 2s. would be nearer the mark. 


21157*. How can the capacity of contact beds be best 
maintained ?—By giving regular periods of rest and 
by placing a layer of fine material at the top of the 
beds, and replacing this as it becomes choked. 
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21158. What is the average analysis of your single The average analyses are as follow :—- 


contact effluent and of your double contact effluent ?— 
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_ Second Contact. 


First Contact. 
| : 
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Oxygen absorbed 4 hours’ test’ - = Z 
Chlorine” - - : 3 : é 2 4 
Ammoniacal nitrogen - - - 2 : 
Albuminoid nitrogen - - - - E E 
Nitric nitrogen -  - - - 

Phtrescihility Sa = a eee cae 
Solids - - - : E ; e E 





21158*. Can you state the number of gallons of 
liquid treated daily per cubic yard of filter material 
in your first bed, and the number of gallons treated 
daily per cubic yard of filter material in the two beds? 
—Yes; 170 gallons per cubic yard on the first contact 
bed or 85 gallons per cubic yard on the combined 
beds. 


21159. Do you find any chemical poisons in your 
final effluent?—No, judging from. the action on fish 
life. 


21160. What is the average amount of suspended 
matter in the effluents? Does most of this come out 
with the first flush or not?—During the experiments 
suspended solids were not regularly determined. The 
first rushes always contained the greater proportion 
of suspended solids. 


21161. To what extent do you find that the organic 
matter of the suspended solids issuing in the effluent 
from a contact bed is different from the organic matter 
of the suspended solids going on to that bed ?—I do not 
find the proportion of the organic to inorganic matter 
to vary much in the solids going on a bed and the 
solids leaving the bed. I generally find solids going 
on the bed to contain about 3 per cent. more organic 
matter than the solids leaving. The solids leaving a 
bed are granular in appearance, and settle quickly ; 
the solids going on the bed do not settle rapidly, and 
are more gelatinous in appearance, and keep in sus- 
pension and give a cloudy appearance. 


21162. Is the first flush of effluent from either set of 
beds ever putrescible ?—Yes. 





2°69 1-08 

74 7:2 
"93 “49 
“19 “10 
Occasional traces 61 
All 7°20 


Not determined 





21163. Do you find that by increasing the number 
of fillings in storm times or other times the amount: 
of suspended solids is increased ?—Only slightly. 


21164. May contact beds in times of storm be used 
as streaming filters without detriment to their cus- 
tomary efficiency, and, if so, do you think there are- 
advantages in so working them?—TI do not think there 
is any advantage in using a contact filter as a stream- 
ing filter in times of storm. The whole of the bed is. 
not brought into use, and there is a great tendency 
to choke the beds near the inlet. 


21165. What was the cost of your contact bed in- 
stallation per acre, and how much liquid do you treat: 
per acre per 24 hours in ordinary times and in storm 
times. Please state whether you have single or double 
contact, and what is the depth of your beds ?—Our 
single contact beds are constructed very elaborately, 
and the cost works out at £21,240 per acre, but only 
1,340 square yards are constructed. We treat the tank 
liquor at the rate of 822,800 gallons per acre. We do 
not attempt to pass more than 1,097,000 gailons per 
acre through in times of storm. The beds are 3 ft.. 
deep. 


21166. Have you made any experiments which throw 
light upon the action of contact beds when fuli and 
when resting ?—The observations I have made in re- 
gard to the action of contact beds have been with. 
various lengths of contacts, the rate of purification at 
various depths of the bed, and also running the tank 
liquor through the beds immediately after the bed 
has been discharged and after it has aad its usual 
period of resting empty. The following are averages: 
of some analyses under the above conditions :— 








Oxygen absorbed (4 hours test) - 
Ammoniacal nitrogen — - - - 2 : . 2 


Albuminoid nitrogen - - - “ : - 3 





Nitrie nitrogen - : : 2 E : : : 





21167. Have you made a study of the conditions of 
aeration of contact. beds ?—No. 


21168. Do you find any nuisance from the treatment 
of sewage on contact beds? Have any complaints been 
made ?—I do not find any nuisance whatever from the 
treatment of sewage on contact beds. 


21168*. As regards continuous or percolating filters, 
what do you find are the best filtering materials, and 
what size should the material be?—Well-burned 
destructor and furnace clinker of size from 4in. to 
2in. 

21169. What depth should a percolating bed be to 
obtain a good effluent? If this varies with the quality 
of the liquid going on, or with the size of the filtering 
material, please state how it vafies, what depths you 
require for different liquids, and how you would dis- 


Continuous flow after|Continuous flow after 
Tank liquor. filter has been run | filter has had peried 
off. of rest. 
2°00 | 131 0°87 
i 
2-29 1°95 1:15 
42 28 26 
Nil Traces “T7 
j 





tinguish one liquid from another, 7.e., what analyticaF 
figures you would rely on for this purpose?—I have 
tried two depths of beds, one of 3ft. and one 8ft. The 
oft. bed was not satisfactory when dealing with a strong, 
tank liquor, though with diluted tank liquors and 
weak Sunday sewages absorbing two or three parts of 
oxygen it gave an effluent which would satisfy the re- 
quirements of the Mersey and Irwell Joint Committee, 
but on ordinary days it was not satisfactory. With an 
8ft. bed the effluent was always within the require- 
ments of the Mersey and Irwell Joint Committee. For 
a weak liquor a less depth answers ; say under three 
parts per 100,000 in the four hours’ oxygen absorbed 
test and under ‘2 parts per 100,000 of albuminoid 
nitrogen, a 3ft. would give a satisfactory effluent. 
In depths between three to eight feet I have not had 
experience with, 
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21170. Do you think it generally desirable that 
sewage should be subjected to some form of tank treat- 
ment before it is put on percolating filters ?—Yes. 


21170*. Is the material better disposed in the form 
of two beds, to be fed in succession with the same 
liquid, or in one de»p bel?—The material is in my 
opinion better disposed of in one bed, particularly if 
the levels ot the land are such that every inch 1s 
available. The collecting of the effluent and consequent 
redistribution of the liquid on the second bed would 
loose from 2ft. to 3ft. I tried two 3ft. beds in suc- 
cession, and the effluent for a time was of a very 
satisfactory nature. Gradually the humus matter from 
the first bed formed an almost impervious layer on 
the surface of the second bed and prevented the free 
access of the liquid. The top layer was removed, 
washed, and replaced. In the course of a further 
three months the top had again become choked, and 
the experiment was given up. The conditions did not 
allow of a settling tank being fixed between the two 
beds. 

21171. How should percolating filters be fed ?—By 
means of sprinkling or spreading the liquid over the 
whole area of the bed. 


21172. Should the feed be 
inuous ?—Intermittent. 


21173. What is the best form of distribution? What, 
in your opinion, are the conditions which have to be 
fulfilled by a perfect distributor, having regard not 
merely to the distribution of the liquid itself, but 
also to the purification of the liquid and the life of 
the hed ?—Revolving spreaders. They should deliver 
the liquid evenly over the whole suface of the bed, and 
should not be interfered with by either wind or frost. 
The sprinkler should work with a minimum of friction 
if the beds are to be kept in a healthy condition. 


21174. Do you think it best to put on the filter a 
fairly constant amount of liquid, or do you consider 
that the amount can be increased in times of storm 
without impairing the efficiency of the filter or the 
quality of the effluent ?—A filter could easily deal with 
a large volume of tank liquor in times of storm. I 
should not pass the liquor on at abnormal rates (say 
three times the dry weather flow), but should prefer 
to pass the liquor on at the usual rate, and 
arrange an apparatus which would bring more beds 
into operation, and whilst the storm lasted the beds 
would have a less interval of rest. If the storm water 
was dealt with, as previously mentioned, by a special 
tank, it could be so manipulated that whilst the filter 
had a larger volume of liquid to deal with, the total 
impurities would not be increased in the same degree. 


intermittent or con- 


21175. Is there any practical advantage in artificially 
heating the liquid which is being treated on percolating 
filters?—Assuming that the effluent from a bed artifi- 
cially heated is slightly better than the effluent 
from a bed at ordinary sewage temperature, the in- 
crease in cost would outweigh any advantage gained, 
and would therefore not be a practical advantage. 


21176. Have you had any experience to show whether 
open sides are an advantage to a percolating filter ?—I 
have not made any experiments as to the value of open 
over closed sides, though, as the changes required are 
aerobic, it seems that open sides would be most suit- 
able. Our new beds at Heywood are to be con- 
structed with open sides. 


21177. Have you made any study of the conditions of 
aeration of percolating filters 1—No. 


21178. What do you consider is the most convenient 
superficial area for a percolating filter?—This would 
be guided to a great extent by the amount of sewage 
delivered at the works. Care should be taken that the 
beds are not over large in comparison to the flow, so 
that if one bed has to be put out of action through 
accident or being sick the other beds should not be 
overburdened. 


21179. Do you think it desirable that the bottom of 
a percolating filter should be raised from the ground 7— 
Yes. It is very important that a percolating bed 
should be on a false floor, so that the humus matter 
can drop free from the filtering material, and thus be 
easily removed, otherwise the bottom layer of clinkers 
would become choked. The raised or false floor also 
gives better aeration to the lower portions of the bed. 


21180. Do percolating beds, in your experience, 
choke ?—I did not find that the single bed choked to 
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any appreciable extent. After two months’ working 
there appeared to be a fairly regular discharge of 
humus matter in ordinary times of working. When ex- 
cessive volumes of water were turned on the bed it 
brought away large amounts of black matter. If chok- 
ing did occur it suggests that by rushing a large quan- 
tity of water on the bed the material could be: freed 
trom these deposits which accumulate on the filtering, 
material. As the material would not have to be re- 
moved for this operation, the cost of retreatment of the 
liquid would be the heaviest item of expenditure, and 
this would not be excessive. 


21181. Of what nature are the suspended solids in 
the filter effluent? How much is organic matter, and 
are they putrescible apart from the liquid portion of the 
effluent ?—The solids coming away from the percolat- 
ing filter were granular in appearance, and settled 
fairly rapidly. They contained on the average 


52°5 per cent inorganic matter 
47-5 per cent organic matter. 


The solid matter, apart. from the liquid, upon incuba- 
tion undergoes secondary decomposition in from three 
to five days at 80° F. 


21182. To what extent do you find that the organic 
matter of the suspended solids issuing in the effluent 
froin a percolating filter is different from the organic 
matter of the suspended solids going to that filter ?— 
The organic solids issuing from the percolating bed are 
more granular in appearance than the solids on the 
bed. The solids settle more rapidly, and are not as 
glutinous in character as the solids going on the bed. 


21183. Have you any experience of, or any sugges - 
tions to make on, the settlement or other separation of 
the suspended solids issuing from a percolating filter, 
and to what minimum: figure do you think such settle- 
ment or other final treatment can be carried as a prac- 
tical measure ?—I conducted experiments with a view 
of ascertaining the amount of settlement required to. 
get an effluent practically free from suspended matter. 
The greater portion had settled in two hours. In 
three hours there were only traces, whilst at the end of 
four hours the effluent was practically free from sus- 
pended matter. It is quite practical to obtain an 
effluent with suspended solids not exceeding 3 parts 
per 100,000. 

21184. Do you find that the suspended solids in your 
filter effluent vary much in amount from time to time,. 
and, if so, can you explain the causes of such varia- 
tion ?—During ordinary flows the suspended solids in 
the filter effluent appeared to be fairly even. When 
large flows were turned on the beds the suspended 
matter was increased, the large flow washing the sedi- 
ment out of the bed. 


21185. What was the cost of your percolating bed in. 
stallation per acre, and how much liquid do you treat? 
—Our percolating bed was only an experimental one, 
and not suitable for calculating cost. The estimate 
for the twelve beds, 60 ft. diameter, 8ft. deep, about 
to be put down, is £9,500 per acre. We propose treat-. 
ing 643,720 gallons per acre in dry weather and 
1,936,000 per acre in 24 hours in wet weather as a maxi- 
mum, though we never get this rate continuous for 24- 
hours. 


21186. Have you made any experiments which throw 
light on the action of percolating filters with regard 
to the oxidation of the ammoniacal and organic matter 
in solution and the organic matter in suspension ?—No. 


21187. Have you evidence to show that ammonium 
salts and organic substances in solution, not of # 
colloidal nature, pass rapidly through a percolating 
filter, or that they are first absorbed by the filtering 
material or by growths on that material, so that their 
passage through the filter is a very gradual one ?—No. 


21188. Have you observed the effects of changes of 
atmospheric temperature on the working of a percolating 
filter?—I do not find the atmospheric temperature 


variations to have any great effect on the working of 


the beds. In frosty weather the temperature of the 
sewage averages 11° Centigrade. 


21189. Have you found any trouble from vegetable: 
growths in percolating filters? If so, have you been 
able to form any opinion as to the causes of these 
growths and as to the way in which the growths can be 
prevented ?—When the supply to the beds was con- 
tinuous a gelatinous mass grew on the surface of the 
bed. This was overcome by working the beds inter- 
mittently. 
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21190. Do you find any nuisance from the treatment 
of sewage on percolating filters? Have any complaints 
been made?—The odour from a percolating bed is much 
more in evidence than the odour from a contact bed, 
and the risk of nuisance is greater. No complaints 
Ihave been mace, as dwellings are not near. 


21191. Would you kindly compare the cost (initial 
expenditure and annual cost of upkeep and working) 
and relative advantages of percolating filters and con- 
tact beds? Do you consider that one form is best for 
some kinds of the sewage and the other form for other 
kinds of sewage ?—I am of opinion that the percolating 
filter could be constructed at a less cost than double 
the area of contact beds with the necessary inlet and 
outlet channels, valves, etc. Some of the advantages 
a percolating filter has over a contact bed are that 
the upper layers of the filter do not become choked as 
soon as contact beds; they are more easily cleaned, 
and, being more compact, they require less super- 
vision ; more perfect distribution can be obtained ; and 
they can be worked more automatically. I find the 
percolating filter most suitable for our sewage, and for 
sewages generally. 

21192. Do you find that the chance of nuisance is any 
greater with one form of filter than with another? 
Does the risk of nuisance depend on the kind of sewage 
which is being treated or on the nature of the pre- 
liminary treatment to which the sewage has been sub- 
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jected? The question of nuisance is important, and I 
should be glad if you would state your views fully on 
these points ?—The risk of nuisance does not depend 
on the kind of sewage or the preliminary treatment so 
much as the fact that in a percolating filter the liquor is 
delivered in the form of a number of smail jets or 
sprays, therefore having a greater tendency to liberate 
any offensive gases or cdours which the liquid may > 
contain... If two similar liquids were passed on a con- 
tact bed in the ordinary manner, and on a percolating 
filter, there would be more odour given off from the 
percolating bed. 


21193. Have you made any comparative observations 
which show how many gallons per cubic yard per 24 
hours of your tank liquor or tank liquors could be 
satisfactorily purified on a percolating filter, and how 
many gallons per cubic yard on contact beds? If so, 
would you kindly state the results, at the same time 
telling us in precise terms what was the composition of 
your tank liquor or tank liquors, and what you are con- 
sidering to be a satisfactory effluent ?—In actual prac- 
tice we treated on our contact beds 170 gallons per 
cubic yard on each bed, or 85 gallons per cubic yard on 
the combined beds. On the percolating bed 100 gallons 
per cubic yard were treated. The result was a much 
better effluent from the percolating bed than from the 
contact bed. The following is the average analyses cn 
the two systems :— 





























Contact System. Percolating System. 
<a | Pal Settled 
Tank. 2nd Contact.) Tank. Ett Effluent 
nuent. 
(two hours). 
Oxygen absorbed (4 hours’ test) - 5°25 1-08 5°54 1-22 0:83 
Ammoniacal nitrogen’ - . - - - - 1°36 “49 3°40 51 51 
Albuminoid nitrogen - = : 38 10 78 12 10 
Nitric nitrogen - - - - nil 66 nil 1-46 1:40 
Chlorine - - - - . , - he 76 8°3 81 81 
Solids in suspension - - — — 9 3 15 








I consider the settled efiluent to be of a fairly good type. 

21194. Could you express an opinion as to how the 
number of gallons would vary with variations in the 
strength of your tank liquor, and on what figure or 
figures you would rely for defining the “strength” of 
your tank liquor?—No. I don’t think it practical to 
decrease the volume according to strength. In our 
works we get the largest dry weather flow when the 
sewage is strongest, i.e., between 10 a.m. and 5 p.m. 
The beds have to be worked in the same ratio as the 
flow, with a corresponding decrease in the quality of 
the effluent. 


21195. Have you had experience of storm water 
filters? If so. would you kindly give us the results of 
it?—We have storm filters in operation at both our 
works. I find the action of the storm filters is more 
mechanical than chemical. The sewage passes through 
at such a rate that there is no time for bacterial action. 
The action is merely a retention of part of the sus- 
pended solids on. the material. 


21196. Do you consider storm water filters lose any 
of their efficiency by being used intermittently at long 
intervals ?’—In the method of working, storm filters do 
not acquire the efficiency of either contact beds or per- 
colating filters. The efficiency of our beds, which is 
one straining, is not affected by long intervals of rest. 


21197. Have you any practical suggestions to make 
for disposing of sludges ’—The screening refuse is very 
offensive and should be burned in a destructor; the 
material from detritus tanks soon loses its offensiveness, 
and may be tipped on low-lying lands ; the sludge from 
precipitation tanks should be pressed, and either 
burned or used as manure; and the sludge from septic 
tanks should be pressed and burned along with ashpit 
refuse. 


21198. Do you find that some methods of disposing 
of sludge are more likely to cause nuisance than others ? 
—There is very little nuisance caused by burning 
sludge. In using sludge as manure there is danger 
of farmers storing it near public roads and footpaths, 


and causing a nuisance in this manner. Very strong 
complaints were made to us during last summer, and 
orders were issued forbidding farmers to stack the 
sludge near public roads. 


21199. What, in your opinion, constitutes a good 
effluent?—In my opinion a good effluent is one (a) 
which will not absorb more than -7 parts of oxygen 
from KMnO, in four hours; (b) which does not con- 
tain more than -07 parts of albuminoid nitrogen ; (c) 
which will not undergo secondary decomposition when 
incubated at 80° I. for five days ; (d) which will not 
destroy more than its own volume of aerated tap water 
when incubated at 80° F. for 48 hours; (e) which con- 
tains an abundance of nitric nitrogen. 


21200. Do you consider that the type of effluent form 
a contact bed is superior or inferior to the type of 
effluent from a percolating filter ?—I consider an effluent 
from a percolating filter to be of a better type than an 
effluent from a contact bed. In a percolating bed 
effluent the general impurities I find less, the effluent 
better aerated and better nitrated. The suspended 
solids settle more readily, and the effluent is less liable 
to undergo secondary decomposition. 


21201. What test or tests do you chiefly rely upon in 
judging of the quality of an effluent, and for what 
reasons?—The tests I chiefly rely on are the oxygen 
absorbed figures from KMnO,, 3 minutes and 4 hours, 
and the albuminoid nitrogen. These tests are the tests 
acknowledged by the Mersey and Irwell Joint Com- 
mittee, under whose jurisdiction our works are. Apart 
from this I consider the tests to give the best idea as 
to the purity of an effluent. The oxygen test is one 
which any intelligent manager could make, and thus be 
enabled to know the condition of the works. The 
secondary decomposition and aeration tests I consider 
very valuable. 


21202. Have you tried the “aeration” test, i.e., the 
rate at which dissolved oxygen is taken up by an 
effluent ?—Yes; though not.systematically, until Mr. 
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Scudder brought out his modification of the indigo 
method. 

21203. Is one standard for all effluents passing into 
non-potable streams possible and desirable, or should 
there be more than one standard ?—I think a general 
standard ought to be aimed at, which, whilst not over- 
burdening the authorities, would safeguard our rivers. 
Different standards for different authorities I am afraid 
would not be favourably received by those authorities 
who unfortunately had to conform to the higher stan- 
dard. The following modified Mersey and Irwell Joint 
Committee standard I consider liberal, and could be 
obtained by a good proportion with ease :—Oxygen 
absorbed from KMnO, in 4 hours, 1:50; albuminoid 
nitrogen, 12; to be non-putrescible when incubated for 
5 days at 80° F.; not to destroy more than two 
volumes of aerated tap water when incubated at 80° F. 
for 48 hours; should have nitric nitrogen present, and 
organic solids in suspension should not exceed 1:5; all 
in parts per 100,000. 

21204. What is your experience of the effect of storm 
water upon filters of various sorts?—My experience is 
that storm water has a very serious effect on the upper 
layers of contact beds. When large quantities of storm 
water are turned on contact beds, the upper layers 
rapidly become choked. The same action takes place 
on storm filters; the solid matter accumulates on the 
surface of the beds, and has to be removed periodically. 
If the storm water was settled in a tank previously to 
gcing on the filters, a great deal of this trouble would 
be obviated. 


21205. How far do you consider it advisable for a sew- 
ae installation to be worked automatically ?—In perco- 
lating installations working intermittently I consider 
an automatic apparatus an essential feature. The ap- 
paratus should act over a great variation of flow, say 
from 1 to 12, so as to enable it to deal satis- 
factorily with the minimum night flow and the maxi- 
mum day flow. It should be so arranged that it will 
deliver the low night flow on to one bed for any desired 
length of time, and at the end of this period it should 
automatically divert the flow to the next bed. Should 
the flow increase through rain or any other cause, the 
apparatus should bring additional beds into operation 
in ratio to the flow until there are sufficient at work to 
deal with the maximum flow, in this manner preventing 
excessive flows being turned on the beds. As the flow 
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decreases the beds should be automatically put out of 
action in the same ratio as the flow, the cycle of chang- 
ing being constant, so that all the beds get equal shares 
of liquid. The apparatus should have a simple arrange- 
ment to allow any bed being put out of action for a 
prolonged rest should necessity arise, though should 
excessive flow occur and the full resources of the works 
be required, this bed should automatically come into. 
action during the time of pressure. These are the con. 
ditions which a satisfactory distribution should fulfil. 
I have designed a distributor, which is at work at Hey-. 
wood, which conforms to all the conditions. With any 
distributor which will fulfil all these conditions, I think 
the feeding of the beds may be done automatically witi: 
advantage, 


21206. Have you made any systematic observations as. 
to the effects of discharging effluents into watercourses ? 
No. 


21207. Could you make a short statement setting forth. 
the values you attach to the different chemical tests in 
use for determining the qualities or conditions of sew- 
ages and effluents, and giving your reasons ?—TI attach. 
most value to the oxygen absorbed test from KMn0Q,. 
Although it does not always bear a strict ratio to the 
other impurities, yet I always find with a low oxygem 
absorbed figure that the other impurities are not great. 
The secondary decomposition I do not find taking place- 
with a low oxygen figure, and the rate at which dis- 
solved oxygen is taken up is low. The chlorine test is 
always valuable to ascertain whether the sample of 
effluent is representative of the preceding sample of 
sewage. The value I attach to the nitrites and nitrates. 
is in ascertaining the condition of the bed. The albu- 
minoid nitrogen I consider gives a good clue to the 
putrescible matter in the effluent. The rate at which 
dissolved oxygen is taken up is, I consider, of great 
importance, as it gives us a good clue as to the effect 
the effluent will have on the river. The secondary de- 
composition test is an important one, as it gives a good 
idea as to whether the effluent is liable to cause a 
nuisance through developing offensive odours. 


21208. What are your views with regard to the quan- 
titative determination of the “strength” of a sewage, 
tank liquor, etc. ?—The following is my idea as to the 
strength of sewage and tank liquors (parts per 
100,000) :— 





| 


Oxygen absorbed (4 liours’ test). 


Albuminoid Nitrogen. 
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21209. On Question 21095, would you tell me on what 
river you derive your experience which leads you to 
say that “on a river of thirty times the volume of the 
inflowing sewage effluent the river becomes seriously 
polluted during the first rushes of storm water ” ?—At 
Heywood, on the River Roach, which flows past our 
works. 

21210. On Question 21122, have you had actual expe- 
rience that it is possible by too slow working of septic 
tanks to get the effluent giving off very offensive odours 
of sulphuretted hydrogen ?—Yes. We have in our pre- 
sent works as an experiment a septic tank in slow work- 
ing and in that tank we invariably get a very offensive 
odour of sulphuretted hydrogen given off. 

21211. You have evidence yourself that that is owing 
to the fact that the working of it is too slow?—Yes ; 
I could not account for it by any other cause. 

21212. In Question 21135, you say that a very offen- 
sive smell is given off from the septic tank ?—Yes. 

21213. Does that come from the tank itself or from 
the liquid as it passes out of the tank on to the filter ? 
—More particularly from the liquid. 

21214. Ts it constant or is it only when the tank is 
working too slow?—One has really to take other 
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people’s views on that, because you get so accustomed 
to being continually on the works that you do not 
notice any slight odour arising, but people coming 
down to the works very often complain of the offen- 
Sive odour. 


21215. Many witnesses say that there is no nuisance 
at all ; I do not know whether yours is exceptional ?— 
That is not my experience. My experience is that the 
odour is offensive. 


21216. (Mr. Power.) Are your beds fed with a 
sprinkler ?—No, 'by open troughs. 

21217. (Chairman.) As regards the question of ex- 
pense, have you any figures to support your conclusions 
as stated in Question 21138?—No. The first expression 
is purely an opinion. We conducted a small experi- 
ment by means of a centrifugal tank with baffle 
plates fixed at the sides, so that as the sewage went 
over, the solid matter was thrown out by centrifugal 
action and deposited between the plates. Tho head 
that we iost was so great that we could not adopt the 
system at our works. 


21218. On Question 21141, have you had any expe- 
rience of the soil working up into the filtering material ? 
—Yes. The first filter that we put down was on a clay 
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bed, and the clay worked up and made an impervious 
mass around the drain pipe, so that we had to discard 
That experiment 
was carried out with a view to constructing our storm 
filters with clay bottoms, but we came to the conclu- 
sion after that small experiment that it would be a 
failure. Consequently we concreted the whole area 
of 6,200 square yards of the storm beds. 

21219. In Question 21165 you say that the cost of 
your single contact beds works out at £21,240 per acre? 
—Yes. 

21220. That is an enormous sum, is it not ?—Yes, 
that is an enormous sum, but our filters are constructed 
very elaborately, with massive copings, blue bricks, 
very powerful walls, glazed brick outlet channels, and 
polished stone approach steps. They are very expen- 
sive indeed. 

21221. Do you believe them to be worth the money? 
—They are worth the money, but the money is not 
necessarily spent. The value is there, but it is to 
no purpose. 


21222. (Mr. Power.) I wish to ask one or two ques- 
tions especially about the storm waters. In Question 
21066 you say that your average dry weather flow is 
between 600,000 and 700,000 gallons per 24 hours ?— 
Yes. 


21223. In Question 21070 you tell us that there are 
no storm overflows fixed on your sewers ; that the whole 
of the storm water is conveyed to the entrance to the 
sewage works where there is a primary screen, and 
that the grosser solids are arrested before the storm 
water passes over the storm overflows to the river. 
This takes place when you get down six times the dry 
weather flow, namely, 4,200,000 gallons ?—_Yes. 


21224. Then in Question 21073, speaking of heavy 
rains, you say “ gaugings during very heavy rain have 
registered at the rate of 30,000,000 gallons per 24 
hours.” Therefore during part of the day you may 
have storm water sewage coming down at the rate of 
30 times the dry weather flow ?—That is so. 


21225. That goes directly into the river ?—That goes 
directly into the river after the grosser solids have been 
removed by the screens. 

21226. What is the ratio of your effluent to the river 
in ordinary times ?—One in 30. 


21227. And does this storm sewage come down to you 
before the river is in flood ?—Oh, certainly. 

21228. Is it a grossly polluting liquid ?—Yes, it is 
grossly polluting, and the first rushes of storm water 
have a detrimental effect on the river. 

21229. Have you considered any method by which 
that could be dealt with or controlled—or any part of 
it? I notice that later on you say that twice the dry 
weather flow is sufficient to deal with by the whole of 
your process, and you think that the balance—which 
would be four times or more the fine weather flow— 
should be dealt with by settlement tanks and then 
passed on to the percolating filter or straining filter— 
which was it?—The percolating filter. 


21230. That is a deep filter ?—Yes. 

21231. At what rate ?—We propose about 500 gallozs 
a square yard per day of 24 hours. That would work 
out somewhere about 200 per cubic yard. 


21232. Do you think it would be feasible in a case 
like yours where there are no overflows on the sewer 
to subject some of the liquid beyond the six times the 
dry weather flow to settlement, so as to prevent the 
pollution of the river ?—Yes, I think it is quite feasible 
and that it is far more satisfactory than turning it on 
to the storm filters as we do at present. In fact, we 
might increase the flow through the tank and arrest 
the grosser solids. 

21233. As a matter of fact, it is not negligible, 
because in the course of the year you estimate that 
139,000,000 gallons passed to the river in that way ?— 
Yes. 


21234. Do you think it would be costly in the sense 


_of greatly increasing the amount of settlement tanks ? 


—It would be very costly in increasing the settlement 
tanks in proportion to the increased number of volumes 
we tried to treat. 

21235. Are the 50,000,000 per 24 hours in any given 
day? I suppose that is not maintained? It isa matter 


‘of minutes rather than of hours, is it not?—No; we 


have had that occurring for a full three hours. 
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21236. What is the greatest amount that has come 
down to you in one day and been passed through your 
works to the river? How much in any one day—not 
ae gallons, or anything like it, I suppose ?— 

O. 

21237. There would be that 4,200,000 which you have 
dealt with ?—Yes. 

21238. In addition, in any given day, how much do 
you think has passed away to the river?—That is a 
question I could not answer without calculating the 
rainfall in our drainage area on any particular day. 
That would give us what had come down the main 
sewer in that day. 


21239. Do you think it would be at least as much as 
the 4,000,000 you deal with?—Decidedly more; I 
should say double the quantity on some very wet days. 


21240. How much should you think of this liquid 
coming at the rate of 30,000,000 gallons in 24 hours 
is a highly polluting liquid and should be dealt with ?— 
‘hat varies according to circumstances. In Heywood 
the first one and a half hours—that is the big rush 
—is undoubtedly very, very foul. F 

21241. Would it be so much as 12,000,000 gallons, 
do you think?—No. With 1 in. rainfall it would be 
8,409,000 gallons. 


21242. You would deal with twice the dry weather 
flow by the whole plant ?—Yes. 


21243. And the balance above that has to pass 
through settlement tanks ?—Yes. 


21244. And then through percolating filters ?—Yes, 
through percolating filters. 

21245. Anyhow, you could pass the balance through 
a settlement tank and later through a rough filter, 
I suppose ?—Yes, we could do that comfortably. We 
would get rid of the first one and a half hour’s flow— 
the heavy flow—and then we could give it an hour’s 
settlement, which would give @ fairly satisfactory 
effluent. 

21246. What brought about the abolition of over- 
flows on the sewers themselves, or was absence 
of overflows in the scheme from the _first?— 
It was the opposition of the Mersey and Irwell 
Joint Committee against having so many dif- 
ferent outlets for their inspectors to inspect. It was 
ultimately decided that we should convey the whole 
of the storm water to one storm overflow. Of course, 
another point which is not much in favour of the pre- 
vention of pollution of rivers was that the sewers 
would get a swilling out. That is the pith of the 
subject. 

21247. Then if I might go a little further, I see that 
you have had some experiments in septic tank filtra- 
tion ?—Yes. 

21248. Does your preference for dealing by the whole 
plant with only two volumes of the dry weather flow 
extend to the septic tank process?—Yes, more par- 
ticularly. 

21249. If you had a septic tank process instead of 
your precipitation process, you would prefer to deal 
with it on exactly the same lines as you propose to deal 
with the chemical process ?—Yes. 

21250. (Major-General Carey.) About this failure to 
deal with three times the dry weather flow mentioned 
in Question 21090. Does the fault not lie in the want 
of sufficient precipitation ?—No. 

21251. What is the capacity of your precipitation 
tank ?—710,000 gallons. The chief reason why our 
effluent is so polluted in times of storm is that the in- 
coming sewage enters almost at the bottom of the tank. 
The current immediately meets the sludge and throws it 
up at the other end—that is, the previously settled 
sludge. Our sewage is not passed in at the top ot 
a tank and gradually run over the surface ; it is passed 
in at the bottom of the tank. This method is per- 
fectly satisfactory in normal times, but immediately 
a storm comes with an increased flow the velocity is 
so great at the bottom that the sludge is disturbed and 
thrown over the outlet. 

21252. (Mr. Power.) In other words, your tank is 
filled with suspended matter by the storm water coming 
into it ?—Yes, after the first hour. 


21253. Would it be double as much suspended mat- 
ter ?—Sometimes quite double. In fact, we have de- 
cided to dispense with that method now—that is, with 
the method of feeding at the bottom of the tank. 
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21254. (Major-General Carey.) And deliver it at the 
_ top ?—No, 3ft, from the top. 

21255. That will remedy the disturbance of the sludge 
to some extent ?—Yes, to a certain extent it will. 


21256. Now. about your storm beds. What is the 
total area of your storm beds ?—The total area at the 
main works is 6,200 square yards, and at the Heap 
Bridge works, a small works in one of the out districts, 
480 square yards. 

91257. Is the storm water delivered over the whole or 
that surface?—It is not; it is delivered by a main 
trough down the centre. 

21258. Does the whole of the area come into play P— 
No, it does not. 

21259. Would not that account in a great measure 
for a part of it coming up if you simply use part of it P— 
Yes, we only use a part of it on the immediate side of 
the trough. Assuming we have here the storm bed 
with a trough running along down the centre, the flow 
goes over the trough and flows down at a very rapid 
rate in the path of the least resistance, which, when 
the bed is new, is immediately on either side of the 
trough. That gradually becomes clogged, and the 
water flows over the top. 

21260. That is defective distribution ?—Yes, that is 
purely a storm bed, 

21261. If your distribution was better, and you used 
the whole of the area of the storm filters at your dis- 
posal, you would not have any trouble?—We should 
not have the same trouble, but still we should practi- 
cally get the same trouble later through having the 
sludge distributed evenly over the bed in a thin, 

gradually increasing layer rather than in a large 
quantity near the trough. 


21262. Do you distribute over the whole of that 6,000 
yards ?—I think so. We have on our storm beds two 
sprinklers of 60ft. diameter, which are my own patent. 
I put them down for an experiment there. We get into 
the sprinkler the storm water, and the whole surface 
of the bed has become choked in both sprinklers; in 
three months’ time, delivering a maximum of 400 gal- 
lons per square yard per wet day, we find the bed is 
totally clogged. 

21263. That only occurs at intervals ’?—No ; the rate 
that I give you is calculated on six months’ working. 


21264. (Mr. Power.) What is the size of the material ? 
—It is a lin. mesh at the bottom; the material has 
been rejected by a lin. mesh, but the upper 18in. has 
passed the lin. mesh and been rejected by the 3in. 
mesh. 


21265. As a matter of practice, do you deal with the 
bed by forking the surface over continually?—No. I 
would rather wait until it dried and skim it cleanly 
off. It dries rapidly on the top, and the men can 
skim it off entirely. 


21266. But the suspended matter involves the filter 
for some depth from the surface, does it not ?—No, not 
more than two or three inches. 


21267. (Major-General Carey.) On Question 21126: 
‘Would the nuisance caused by drawing off the sludge 
be removed or abated by emptying the tanks more 
‘frequently ? You say, “ A very offensive smell is given 
off, which would no doubt be a nuisance if dwellings 
were near.” That is in emptying your septic tanks P— 
Yes, and the chemical precipitation tanks, 


21268. Would that nuisance be removed or abated if 
you emptied the tanks more frequently ?—No. 


21269. I am speaking of the septic tank ?—Yes, but 

“we get the same odour from both tanks, but more par- 

ticularly from the septic tank. A strong odour, how- 
“ever, is produced by the chemical precipitation tank. 


21270. On Question 21152 will you kindly explain 
how one and a half times the volume put on the first 
contact bed can be treated on the second contact bed ? 
—Assuming that the area of the first contact bed be 
100, then the second contact bed would go down ap- 
proximately to about 66. 


. 21271. But you say about one and a half times the 
quantity of the first contact bed ?—Yes, one and a half 
‘times the volume. That is, supposing we get 200 
gallons through the first contact bed, then we can get 
“on our area 300 per yard satisfactorily treated on the 
second contact. beds. You diminish the second contact 
beds proportionately in area as 1} is to 1. 
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21272. But you cannot get more on the second con- 
tact bed than goes through the first Yes, we can get 
more through by diminishing the area. 


21273. By diminishing the area, otherwise the charge 
must be the same ?—Provided one delivered directly on 
to the other; but if it delivers into a channel from 
which the diminished area is filled, then we could get 
an increased volume per cubic yard through the second 
contact bed. 


21274. In reply to Question 21158*, you say that 170 
gallons per cubic yard can be treated on the first con- 
tact bed, or 85 gallons per cubic yard on the combined 
beds?—Yes. That just comes back to the previous 
question. During the time of the experiments we had 
two beds exactly the same size, the first contact bed and 
the second bed; we were compelled always to turn 
direct from the first contact bed on to the second con- 
tact, as we had not a channel between where we could 
turn it and increase the flow on a given bed. This is an 
actual experience with equal volumes on each bed. 
After that I tried some short experiments with feeding 
the second contact beds at more rapid intervals, and I 
found out that we could get one and a half times the 
volume through, 


21275. (Mr. Power.) By giving it less contact P—By 
giving it less contact and a slightly less period of rest. 


21276. (Major-General Carey.) The volume treated on 
the combined beds at both first and second contact is 
one and a half times the volume treated on the first 
contact?—No. You treat your 170 gallons per cubic 
yard ; then in the combined beds you get double the 
area, and consequently you reduce the volume. Double 
area, half volume. 


21277. (Mr. Stafford.) In your answer to Question 
21140 you compare the cost of the three methods— 
quiescent settlement method, continuous flow settle- 
ment, and septic tank treatment—and apparently the 
septic tank treatment is the cheapest ?—Yes. 


21278. And the least efficient of the three ?—No, they 
are of about equal efficiency. These are worked out on 
equal efficiency. 


21279. But I see that the percentage of purification 
was 62 in one case, while in the case of the tank effluent 
it was only 36?—That is so. 


21280. Thirty-six? —That is so; and then I have 
calculated the extra interest on the set of contact beds 
to bring them up to one standard, as we had to do. 
My actual experience is that chemical precipitation 
and one contact is about equal to septic tank and 
eee contact; that has been my experience at Hey- 
wood. 


21280*. Where do you bring it in?—In the interest 
and sinking fund on capital expenditure. 


21281. £1,535 5s.?—Yes. I have accounted for that 
in the question because we should require a larger area 
of beds, and therefore I have worked out the cost of the 
increased interest and sinking fund in the same ratio. 


21282. (Colonel Harding.) Returning for a moment 
to one of the points raised by Mr. Power and General 
Carey, viz., the storm waters: I suppose you have no 
doubt as to your figures of having at times brought to 
your works 40 times the dry weather flow ?—Not the 
slightest. 


21283. One Is surprised to find that your sewer mains 
should be capable of bringing to the works such an 
enormous quantity ?—Oh, they could deliver double 
that quantity. ; 


21284. Does it not involve that the flow during 
normal times is exceptionally slow?—Fairly slow, but 
with an egg-shaped culvert. 


21285. That corrects the flow to a certain extent. Ts 
it a flat or a hilly country P—It is fairly hilly. Our main 
outfall sewer is a brick culvert 3ft. 6in. by 2ft. 6in., 
which will easily deliver that volume, 


21286. You have told us what we have been told by 
others before, that in storm times the amount of sus- 
pended matter in the sewage is greatly increased ?— 
Very greatly. 


21287. And you have given us the result of an inter- 
esting experiment taken every hour during a storm, 
from which it appears that during the first rush you 
had up to 238 parts per 100,000 of suspended matter, 
and after several hours it had fallen to 18 ?—Yes. 
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21288. One gathers, therefore, that the impurities of 
storm waters consist mainly of suspended matter ?— 
Decidedly so. 


21289. In Question 21089 you tell us, nevertheless, 
that the liquid part of the sewage during storm times 
during the first two hours is very foul, do you not?— 
Yes. It is a foul liquid, but I am speaking there purely 
in comparison with the effluent. I am speaking of it 
as it goes to the river, not as sewage. 


21290. I see. It is foul relatively to the excellence 
of the effluent which you ordinarily turn into the river, 
but not necessarily foul as compared with the ordinary 
dry weather sewage ?—No ; you have the correct inter- 
pretation~ there. 

21291. Am I right in understanding that what you 
mean is that the impurities in storm water are mainly 
in the form of suspended matter, and that when the 
suspended matter has been removed you really refatively 
have a dilute liquid which is not foul ‘—That 18. SO. 

21292. The example which you give just before in 
Question 21089 shows that after you have removed the 
suspended matter the liquid which is not so good, no 
doubt, as your ordinary efflent is greatly better than 
your ordinary sewage ?—Decidedly so. 


21293. Dees it not appear that the main business in 
connection with storm water is the removal of sus- 
pended matter?—That, in my opinion, would be the 
most satisfactory method of dealing with storm water 
—to give it an hour’s settlement and get out the sus- 
pended matter. 


21294. You do not advise that being done through 
the ordinary tanks, either the chemical precipitation or 
the septic tanks? You think there should be a special 
series of tanks ?—A special tank, yes. 


21295. So ag not to disturb the normal condition ?— 
That is so. 


21296. The plan of storm filters which you have 
actually worked consisted in turning this unprecipi- 
tated storm water upon the storm bed ?—Yes. 


21297. And you find that the action of the storm 
bed is unsatisfactory because the action is rather me- 
chanical than chemical ?—That is so. 


21298. It is, in fact, a strainer?—Pure and simple. 


21299. And not a very efficient strainer, probably ? 
—No. 


21300. And it is difficult, after the straining, to re- 
move the matters strained off?—The sludge that ac- 
cumulates on the surface, yes. 


21301. You would prefer settlement in tanks /—Yes. 


21302. Having settled storm water, further treat- 
ment would not be difficult, if required, would it, upon 
percclating beds?—I do not think so. 


21303. You have percolating beds, have you not ?— 
We have only two sprinklers, but part of the storm 
filters works as a percolating bed. 


21504. But you have not experimented in putting 
settled storm water on the percolating beds ?—No. 


21505. You have expressed the opinion that probably 
double the flow might be treated as settled water ?— 
Yes. In fact, at present we are getting out quantities 
for constructing 12 60-ft. diameter percolating beds, 
and that is our object—to increase the flow in times 
of storm. 


21506. Do you believe it would be easier to deal with 
a large flow of settled storm water on percolating beds 
than it would be upon contact beds ?—I do. 


21307. Ix Question 21106 you express the opinion 
that it would be easier to filter chemically precipitated 
sewage than septic tank effluent. Is that not because 
the chemically precipitated sewage is much freer from 
suspended matter ?—Yes. 


21308. Are you able to give us an opinion, based 
upon your own experience, as to whether you think it 
would be easier to deal with chemically precipitated 
effluent than septic tank effluent, provided sus- 
pended matter in both cases was the same?—I could 
not vouch an opinion upon that, because it is a most 
difficult matter to reduce the suspended matter in the 
septic tank effluent down to the same figure as the 
suspended matter in the chemically precipitated 
effluent. It would mean some’mechanical filtration— 
some further settlement or mechanical sieving would 
be necessary to reduce the suspended matter. 
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21309. What you mean is that, not having had ex- 
perience of effluent cleared of suspended matter, you 
are unable to answer the question ?—That is so. 


21310. (Mr. Power.) I suppose, in regard to the facts. 
you speak of here, the precipitation tanks were never 
used to deal with more than twice the volume of the 
dry-weather flow ?—They are very satisfactory so long: 
as you do not deal with more than twice the dry- 
weather flow ?—That is so. Directly you get above that 
you begin to disturb the sludge at the bottom, or get: 
such a rapid flow that you have not time for an efficient. 
settlement. 


21311. Then the result would come nearer that with 
the septic tank ?—In that case, so far as regards sus- 
pended solids, yes. 


31312. (Colonel Harding.) You have told us of the 
difficulty which you find in reducing the suspended 
matter in septic effluent to the low point which you 
desire ?—Yes. 


21313. It would be very important if the septic 
effluent could be obtained with much less suspended 
matter /—Yes. 


21314. You have not any idea of how it could be 
obtained, have you? Have you tried any experiments ? 
—We tried a circular tank with baffle plates, but the 
head we lost was so great. 


21315. You told us that. But that did not succeed. 
Have you heard of any other way by which it might 
possibly be done ?—Yes, I have heard of mechanical fil-. 
tration by means of passing it through felt. The ex- 
periment was carried on in the neighbourhood close to 
us, at Ratcliffe. It was a mechanical filter whereby the: 
liquid was passed on to a long feit band and filtered 
through the felt. The felt was gradually moving, and 
brushes were brought into action later on to clean off 
the sediment which had been collected on the band. 
The band was then passed under revolving rollers and 
presented again to the sewage. 


21316. Probably it was found that a very thin 
velume of sediment would cause the felt to be quite - 
impervious ?—That is so, but the felt was always moving 
and always being cleaned. 

21317. But was it successful at all?—The expense: 
was too great. It was discarded. 

21318. It was prohibitive?—Yes, and it was dis- 
carded entirely. +56 
21319. You have not found that passing the septic 
effluent through a second settling tank gets rid of any 
part of the suspended matter?—I have not had an 

opportunity of testing that. 


21320. (Mr. Power.) Is your septic plant on a small 
scale ?—Yes, but there is one at work now with a capa- 
city of 110,000 gallons. 


21321. How long has that been in operation ?—That 
has been in operation since February 22. 


21322. So that you have had no great experience of 
it yet?—Yes. I have some analyses, but they are not 
im the state I should like them to be in yet. I have 
not sufficient figures to vouch any special opinion, but 
I could tell roughly the percentage of purification on the 
oxygen test. We are improving very considerably on 
what we did on the small one. Our percentage of puri- 
fication on the large tank, based on the oxygen-ab-- 
sorbed test, is 55. 

21323. The greatest flow during rain would be what?’ 
—Not more than double the dry-weather flow. We- 
limited it to that. Do you mean the average dry 
weather flow? ’ 


21524. Not the average ; the quickest rate would be: 
one in 12 hours?—Yes. | 


21325. (Colonel Harding.) What is the amount of 
suspended matter in the sewage when going into the 
tank in that experiment?—It is the same as in the 
chemical precipitation, which runs at about 38 or 39. 


21326. What is the amount of suspended matter 
coming out in the septic tank effluent?—We do not 
get very satisfactory results there ; we get often eight 
or nine parts, particularly now. It appears to be going 
worse now.. The sludge is rising from the bottom and 
is thrown over the outlet sill until we get seven, eight, 
or nine parts. 

21527. (Mr. Power.) You have not had much sludge 
since February, have you, in a septic tank of that size? 
—A fairly large amount; it is beginning to rise con- 
siderably now. 
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21328. (Mr. Power.) That is rather rapid production 
of sludge, is it not? 


21329. (Colonel Harding.} Yes; one would scarcely 
expect it to be very full at present ?—(Witness. ) When 
I speak of the rising of the sludge I do not refer to 
rising in depth; I mean the gases are now begin- 
ning 

21330. (Colonel Harding.) You mean the septic action 
is developing ?—The septic action has disturbed it, yes. 


21331. I thought the sludge was accumulating ?— 
No, that would be rapid. 

21332. Do you find the amount of suspended matter 
in the effluent is also increasing ?—That also is in- 
creasing. 

21333. Naturally, as the tank accumulates sludge 
that will continue to increase ?-—That is so. 

21334. Until it reaches a prohibitive point, and then 
you will clear out the sank ?— Yes. : 


21335. That 2%eads me to ask you whether it would 
not be very valuable if you could maintain a constant 
capacity in the septic tank by not waiting until the 
tenk is practically full of sludge, but by emptying 
some sludge daily or weekly so as to maintain a con- 
stant capacity ?—That would be perfectly satisfactory, 
in my vpinion, if the works were designed with that 
«object in view. 

21336. Is it practicable, do you think, to construct 
tanks to attain that object?—Yes, simply by con- 
structing an extra tank so that you could give a tank 
‘a rest. 

21337. If it is possible, do you think it desirable ?— 
‘Yes. 

21338. So as to maintain a constant capacity ?—Yes. 

21339 To prevent the increase of suspended matter 
in the effluent from the septic tank?—Yes. My evi- 
dence was based purely on the conditions under which 
I have to work. 








21340. You have said something about the scum on 
the septic tank being in your opinion of no practical 
value unless it be in keeping in the smell ?—Yes. 


21541. How can the scum do that ?—Will you refer 
me to the question. 


21342. It is in answer to Question 21117. You say, 
“A scum has the advantage of keeping the smei! 
down.” Would you mind telling us how?—That was 
very noticeable in our small tank when we had a scum 
on. In calm weather the smell was not so noticeable 
as it was when the wind had disturbed the scum and 
‘cleared it off the tank. 


21543. But the fact of there being a scum there does 
not prevent the evolution of gases ?—No. 


21544. The scum is not impervious ; it does not con- 
fine the gases ?—No. But in windy weather when there 
is no scum, there is a gradual current of the upper 
layer of water. As the wind drives this water along 
the surface of the tank, it is replaced by water from 
a lower depth, and thus we get more water exposed, 
and consequently a more offensive odour given off. 


21345. You express a similar opinion with regard to 
covered septic tanks ; that a covering might be useful 
in cases where it was important to keep down the 
smell. There again, how does the cover of the septic 
tank prevent the escape of gases. They cannot be for 


’ ever confined and accumulated under the cover of the 


septic tank, can they?—No, but if there was any 
offensive odour given off you must have the gases con- 
fined and conveyed to some method of destruction. 


21346. The utility of the cover would be to enable 
you to carry away the gases—possibly to burn them ?— 
Yes, that is so. 


21347. Or to make them innocuous in some way ?— 
Yes, that was my point. In that case you would 
have control of the offensive gases. 


21348. Do not the gases consist mainly of methane, 
and hydrogen, and so on ?—But in the long working of 
a tank we get a decidedly offensive odour. 


21349. Is not that due to the movement of the septic 
tank effluent ?—No, as the tanks work too slowly we 
get a black effluent and an offensive odour. 


21350. By over septicising there is a production of 
hydrogen or other evil-smelling gases ?—Yes. 
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21351. In reply to Question 21126 you make an in- 
teresting suggestion about the burning of the pressed 
sludge from septic tanks. Have you any experience of 
that process at all?—Yes, we have tried it at our small 
tanks. We took the sludge up to the destructor, 
which is in close proximity to the works, where it was 
burnt along with the ashpit refuse. We got no offen- 
sive odour at all from it. 


21352. Would it be expensive to burn the cake from 
the septic tanks sludge ?—I do not think the expense 


_ would be great apart from the carting of the sludge to 
_ the destructor. 


21353. There would be a considerable amount of 
moisture in it?—Yes. 


21354. You are of opinion from the small experiment 
you made that the burning of septic tank cake would 
be practicable, and that it would not be offensive ?— 
I think that would be the best means of disposing of 
sludge—by burning. 

21355. In reply to Question 21142 you expressed the 
opinion that a contact bed ought not to be deeper than 
4tt. Upon what do you base that opinion ?—By in- 
serting tubes in the filter and withdrawing portions of 
the effluent and testing it, we find that the purification 
oxidation is more rapid in the upper layers. 


21356. That is a point of considerable interest. You 
have tried a bed much deeper than 4ft., and at 
different points you put in tubes which enabled you 
to test the part below 4ft., but below 4ft. you got no 
practical improvement ?—We do not get the same puri- 
fication in any way to the same degree lower down. In 
fact, in some experiments that I worked out we got at 
6ft. in two hours an equal purification to that which 
we got in a quarter of an hour in the first foot of the 
bed—that is, at a depth of 6ft. in two hours you get 
the same oxidation as you get in a quarter of an hour 
in the first foot of the bed. 


21557. Let us quite understand what you mean. 
What was the depth of the experimental bed ?—6ft. 


21358. And at each foot had you a tube which you 
could withdraw ?—Tubes with corks at the top. 


21359. How did you extract the liquid ?—It rises in 
the tube. 


21360. And you found that the percentage of oxida- 
tion in the first foot was greater than in the last ?— 
Yes. 


21561. One can appreciate that, but did you not find 
af. improvement in purification as vou went to greater 
depths? In other words, would the results of puri- 
cation on a bed 4ft. deep be better or worse than the 
purification on a bed 6ft. deep?—I think that would 
depend entirely on the method of feeding. When 
you do down in a rapid stream as we do down the 
side of the bed by a trough you do not get the same 
proportion. I found, according to some figures which 
I give later, that the first rushes coming down the 
bed washed out the nitrates; we get a well-nitrated 
effluent, but by continually running through we do not 
get the same amount of purification. 


21562. Your uneven distribution to a certain extent 
vitiated the experiment ?—That is so. 

21563. Do you think that with reasonably good dis- 
tribution upon a contact bed 6ft. deep the greater part 
of the bed would be acting during filling as a percolat- 
ing bed ?—That is so. 

21564. And likewise during the process of emptying 
it would be acting as a percolating bed, and its greater 
depth would give it a great advantage in regard to 
those periods of the process ?—My opinion is that with 
proper distribution you would get an advantage by 
deeper bed. 


21365. We are not to take it that your opinion is that 
there is no advantage in carrying a contact bed to a 
greater depth than 4ft.’—There is no advantage. But 
I form that opinion on the method of distribution that 
we have. We get the effluent run down in a trough. 


21366. Then we are to modify the opinion that you 
expressed to that extent—that in your special cir- 
cumstances it is no use having a greater depth than 
4ft., but you think that in other conditions there vro- 
bably would be an advantage in deepening the bed 2— 
But it would then be more on the lines of a percolating 


bed 


21367. Then, passing on to the percolating bed, you 
have told us that if it is put on the percolating bed 
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it necessarily inyolyes that suspended matter will come 
out in the filtrate from the bed, and that if the flow be 
at times considerably increased the discharge of sus- 
pended matter will also be considerably increased, and, 
that at those times it comes out, I think you say, in 
the form of humus ?—Yes. 


21368. I suppose in normal times the suspended 
matter in the filtrate is brown—earthy ?—Yes. 


21369. But if the discharge is at a much greater rate 
of flow than usual it would be scarcely humus, but 
probably black and unoxydised ?—That is so, and far 
larger quantities. By holding the sprinklers in one 
position we can bring about the same action. 


21370. You have reached the conclusion that such 
accumulations as take place in a sufticiently coarse 
percolating bed may be washed out by an increased 
flow ?—~Yes. 


21371. In any case, unless you have thoroughly 
clarified sewage on the percolating bed you must have 
suspended matter in the flow?—That is so. 


21372. What process do you suggest as the best to 
follow percolating filtration in those conditions ?—I 
think the large settling tank in all cases ought to 
follow the percolating bed. 


21575. Have you tried the process of settlement 
following percolation ?—Yes. 


21374. What results have you obtained? How low 
were you able to bring down the suspended matter in 
filtrates afterwards settled ?—We could easily get down 
to one, and generally in four hours it is practically free 
from suspended matter. There is no appreciable sus- 
pended matter after four hours’ settlement. 


21375. You think that with percolating filters 
which receive suspended matter there must be a further 
process ?—Decidedly so. ; 


21376. And the further process which you suggest as 
efficient is settling ?—Yes, a settling tank. 


21377. There occurs to me a rather interesting 
point. If you are obliged to have subsequent settle- 
ment following percolation, it does not very much 
matter how much suspended matter you bring to the 
filter, does it? You might have imperfectly settled 
sewage, if it was going through the filter and 
was afterwards to be settled ?—My opinion is that the 
suspended matter in unoxydised effluent is more gela- 
tinous in form, and does not settle nearly so rapidly 
as the humus matter which comes away from the per- 
colating bed. 


21378. I quite appreciate that. That is an advantage 
of subsequent settlement; but suppose you put crude 
sewage upon a percolating filter which was sufficiently 
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coarse, you would get a large quantity of suspended 
matter coming out in the filtrate P—Yes. 


21379. Would the suspended matter which you had 
then be better settled following filtration than preced- 
ing filtration? [think you said that the matter comin 
out after filtration is to a large extent oxidised, that it 
is granular, and that it settles rapidly. Would you 
think it likely that settlement following upon filtration 
might be substituted for settlement preceding filtra- 
tion?—I do not think so; I think the product would 

ebe the same. We should still have the glutinous form 
-of sludge if the bed was overworked. = 


91380. If the bed was overworked ?—Yes. 


21381. But one is assuming that it is not over- 
worked ?—That would be tolerably slow. 


21382. However, you have not had experience in 
that, and you are not prepared to express an opinion, 
as I gather ?—That is so. 


21383. But you have noticed that the suspended 
matter coming out of the percolating beds is more 
granular and more easily settled than the suspended 
matter in sewage ?—That is so. 


21584. In reply to Question 21189 you refer to vege- 
table fungoid growths on the surface of percolating, 
filters. I am interested to see that you think that 
intermittence in the feed tends to prevent that P—Yes; 
that was very noticeable. 


21385. In reply to Question 21190 you expressed the 
opinion that percolating filtration is more likely to give 
rise to a nuisance than contact ?—Yes. 


21386. Why so, assuming that in both cases the same 
effluent is put on ?—Because if the liquid is offensive, if 
it contains offensive gases, there is far more chance of 
the gases being liberated when the flow is divided up: 
into a small number of sprays than there is in rushing 
it over a weir. 


21387. We understand that. Possibly the nuisance 
would arise not from the filtration, but from the spray 
which precedes P—Yes, that is so, 


21588. From your answer to Question 21193 I gather — 
that you think you could pass a larger volume per cubic 
yard through percolating beds than through contact 
beds, and also obtain better results ?—Yes. 


21389. You are assuming, of course, that the liquid 
treated will be the same? You do not mean that the 
results of your percolation have been better than the 
results of contact under different conditions, but with 
the same effluent from the septic tank or from chemical 
precipitation you think you can get more volume 
through a percolating filter per cubic yard than through 
a contact bed, and also get better results?—And also 
get better results, yes. That is shown in the analyses 
which I give. 
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HEYWOOD. 


Appendia to Evidence of Mr. Josaua Bouton. 


Tables showing average analyses of sewage, tank liquor, and filter effluents at 


Bolton, January, 1903—August, 1904, 


PROCESS OF TREATMENT: 


Chemical Precipitation and Single Contact Beds. 
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ROYAL COMMISSION ON SEWAGE DISPOSAL. 1t5 














HEYWOOD, | January, 1903. 
SEWAGE— 
Average Ade flow - - 1,412,548 gallons - Month’s rainfall - -~— - - 3°65 inches. 
Maximum daily flow 2,930,625 _,, ST emGINTAI EL. Cnt eercaty er, wee | SGe 55 
Minimum daily flow. - -/ 1, G45, 97S Meee Harifall ego. A ifsc <a-<iee toh 1h 
Average Analysis of Sewage. 
——— gf Best. Worst. Average. 
Ammoniacal Nitrogen - : - - - : - 2°63 3°78 | 3°17 
Albuminoid Nitrogen - - - - - = - - 68 ‘92 ‘80 
Nitric Nitrogen - - = - - - - - - nil nil nil 
Chlorine - - - - - eee : - - | 5°90 68 | 59 av. of 20 
Oxygen absorbed from KMnQ, in 4 hours - - - : 6°20 ' 826 ie oar 
Dissolved Oxygen taken up in 24 hogrs- - - _ — — 
Suspended solids - tees - - - - ot a aha — — -- 

















Number of sampls analysed for the average = 4. 


Tank Liquor— 


Average daily flow through the Tanks - - - - - - - 1,412,548 gallons = to 11 hours 
4 . 3 minutes in tanks. 

Average number of Tanks in use - - - - - - - - 54. 

Amount of Chemicals used during month - - - - - - - 9 tons 19 ewts. 

Amount of Sludge dealt with during month’ - - - - - - 1,495 tons 15 cwts. 


Average Analysis of Tank Inquor. 








—- Best. | _ Worst. | Average. 
Ammoniacal Nitrogen- .-. - -  -.-+ oe oe 1°68. 2°76 214 
Albuminoid Nitrogen-  . - - - - - - - 28 "35 29, 
eS 0 ee trace niles —. 
Pe 58 6'8 52 av. of 20. 
Oxygen absorbed from KMn0, in 4 hours - - - 1°78 3°60 DA a lens 
Dissolved Oxygen taken up in 24 hours” - . . - oie — — 
Suspended solids - - ae - - - - Je — — 








Number of samples analysed for the average = 4. 


FILTERS. 
Number of times Beds were filled during month ae a - - 99. 
Average duration of contact - - - : - - - - - 1 hour 50 minutes. 
Amount cf Tank Liquor treated (gallons per cube yard per 24 hours) - 185. 


Average Analysis of Luter Effluent. 




















— Best. Worst. Average. 

Ammoniacal Nitrogen- —- - - - : - Sr 2°26 3°62 2°91 

Albuminoid Nitrogen - - cee - = 10 SA 21 

Nitric Nitrogen - - = - - : - - - "42 09 23 

Chlorine - - - - - - - - - oor 5°6 65 5°5 av. of 20 

Oxygen absorbed from KMnOQ, in 4 hours - - - . “79 153 MLB peigery 
Beeerewreryrem - ye Be | "40 14 "25 

Suspended solids - - - - - - - - - — — in 


Number of samples analysed for the average = 4. 
REMARKS. —The samples of Filter Effluent have generally a slightly turbid appearance, but are free from smell 
and contain no suspended matter. 
February Ist, 1992. Joshua Bolton. 
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HEyYwoop—continued. 

















SEwWAGE— 

Average daily flow -  - - 1,286,821 gallons — - Month’s rainfall - - - 3°42 inches. | 

Maximum daily flow- - - 2,616,000 _,, -. Rainfall’ 2 - 2) eee 

(Snow previous day) 
Minimum daily flow- - - 694,500 ,, -  Rainfali -  - - nil. 
Average Analysis of Sewage. 
nate see Best. | Worst. | Average. 
Ammoniacal Nitrogen- - -— - > - - : 2°08 3°60 2°58 
Albuminoid Nitrogen - - - . - - - - 52 "92 "72 
Nitric Nitrogen --  - “eS - - . eS nil nil nil 
Chlorine~ - - - : - - - : - - 6°8 7°32 69 av. of 20 
Oxygen absorbed from KMnQ, in 4 hours - - - - 4°82 8°72 tly Sent 
Dissolved Oxygen taken upin24hours - - - - — — -- 
Suspended solids - - - - - - - - - — — — 
Number of samples analysed for the average=4. 

Tank Liquor— 

Average daily flow through the Tanks - - - - - - - 1,286,821 gallons=to 12 hours 

. 8 minutes in tanks. 

Average number of Tanksinuse- - ~~ - - ae a - -\ Bd. 

Amount of Chemicals used during month- - - - - - - 9 tons 10 cwts. 

Amount of Sludge dealt with during month - - - - - + 41,390 tons 12 cwts. 


Average Analysis of Tank Liquor. 


February, 1903. 





——— | Best. | Worst. | Average. 
Ammoniacal Nitrogen- — - a - - - 171 3°10 2°29 
Albuminoid Nitrogen - = - = - - - "38 "58 °45 * 
Nitric Nitrogen - gh “ sees Se taal trace nil nil 
Chlorine - - - - - - - - - - 6°8 72 67 av. of 20 
Oxygen absorbed from KMnQ, in 4 hours - - - - 1°90 3°40 2°40 ee 


Dissolved Oxygen taken up in 24 hours — - - - - — — 


Suspended solids - - : 2 é : ¥ es one Peis 








Number of samples analysed for the average =4. 





FILTERS— 

Number of times Beds were filled during month Sabie - - - 84, 

Average duration of contact - = ag td ee -  - - 2 hours. 

Amount of Tank Laquor treated (gallons per cube yard per 24 hours) ca by ts 

Average Analysis of Filter Affluent. 
a | Best. | Worst. 

Ammoniacal Nitrogen-  - - - - - - °- 2°14 2°86 
Albuminoid Nitrogen - - - - - - - - 14 "30 
Nitric Nitrogen - - - - - - - - - yg a Wd 
Chlorine - - - - - - - a - 68 76 
Oxygen absorbed from KMnO,in4hours - - -~ - "86 1°21 
Dissolved Oxygen - - - - - - - - "46 “27 


Suspended solids - - - : “ “ : é 2 bs x 


Number of samples analysed for the average=4. 


Average. 


2°37 
"19 
“44 
66 ay. of 20 
LOT ag 
36 


a 
REMARKS.—The samples this month have been generally clearer than last month, and have been quite 


free from smell. 


March Ist, 1903. ™ 


Joshua Bolton. 


—— 
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Hrywoop—continued. 
March, 1903. 

















SEWAGE— 

Average daily flow - - - 1,573,000 gallons - $$Month’srainfall - - - = - 3°73 inches 

Maximum daily flow - - -' 3,407,250 4, - Rainfall - - . 2 met ai ye 

Minimun daily flow: - - 680,000, Be ORatrall Soe. VON Tie MME 

Average Analysis of Sewage. 
a Best. | Worst. | Average. 

Ammoniacal Nitrogen - a> - . re ee 2°93 | 4°11 3°81 
Albuminoid Nitrogen - - - - . oie ns - 63 | 1°47 1°07 
Nitric Nitrogen - - - - aa tie = as xs nil | nil nil 
en a 50 | 65 65 ay. of 20 
Oxygen absorbed from KMnO, in 4hours’ - - - - 30 | 9°71 Rs eee. 21) 
Dissolved Oxygen taken up in 24 hours —- ie ee. — | — — 





Suspended solids : - E - - Sie od. ees as | — | Me 





Number of samples analysed for the average=4. 


Tank Liqguor— 


Average daily flow through the Tanks - - - - - - - 1,573,000 gallons=to 10 hours. 
in Tanks. 

Average number of Tanks in use - - - - : - - -. 53. 

Amount of Chemicals used during month - - - . - - - 9 tons 10 ewts. 

Amount of Sludge dealt with during month” - - - - - - 1,495 tons 15 cwts. 


Average Analysis of Tank Inquor. 














ae Best. | Worst. Average. 
Ammoniacal Nitrogen - - . - - . - - 1°69 181 1:94 
Albuminoid Nitrogen - i= - - - - - "24 "38 "29 
Nitric Nitrogen - - - - - - - - trace ~ . nil — 
Chlorine - ° ~ 5s. = . i = - - 62 67 64 av. of 20 
Oxygen absorbed from KMnQ, in 4 hours - - - - 1°78 2°86 OSes He 20 


Dissolved Oxygen taken up in 24 hours” - . - - — — = 


Suspended solids - - 2 ; . 3 4 4 = pity en 











Number of samples analysed for the average = 4. 











FILTERS— 

Number of times Beds were filled during month = - ee ie - 96. 

Average duration of contact - - - - - - - - - 1 hour 55 minutes. 

Amount of Tank Liquor treated (gallons per cube yard per 24 hours) - 178. 

Average Analysts of Filter Effluent. 
SS | Best. Worst. Average. 

Ammoniacal Nitrogen- - - - - - - = "52 1*4u 1°32 
Dimmmoasiitvoven - b9-° - | - =) = = | > "10 14 10 
Nitric Nitrogen - - en eee - at hee 68 a 69 
Chlorme - - - - ee ered be - 4°2 6°4 64 av. of 20 
Oxygen absorbed from KMnO, in 4 hours - -~ - "40 1°30 6654 Ta0 
Dissolved Oxygen - - - - - - - - "65 “74 "49 


Suspended solids - - : . ‘ 2 z $ a jaa ‘ 








Number of samples analysed for the average=4. 


ReMARxks.—The Filter Effluent has been on the whole tairly clear, and containing no suspended matter, and 
being free from smell. 


Joshua Bolton. 
April 1st, 1903. 
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SEwWAGE— 


Average daily flow - 
Maximum daily flow, 


Minimum daily flow (Sunday) -_ 








Ammoniacal Nitrogen - 
Albuminoid Nitrogen - 
Nitric Nitrogen - - 
Chlorine - - - 


Oxygen absorbed from KMnQ, in 4 hours 
Dissolved Oxygen taken up in 24 hours 


Suspended solids - - 


_ APPENDIX: 


882,366 gallons 








HEYWooD—contunued. 


Month’s rainfall - — ~ 


Rainfall 
Rainfall 


Average Analysis of Sewage. 


Best. 








Tank Liquor— 


Average daily flow through Tanks 
Average number of Tanks in use 
Amount of Chemicals used during month - 


Amount of Sludge dealt with during month 


Average Analysis 


“3°67, 
88 
nil 
78 
8°42 





of Tank Liquor. 


Worst. 


3°27 
“74 
nil 
9°0 
971 


* 


tole 


- 56 


- 2°19 inches 


April, 1903. 


- ‘15 


=e pl 


Average. 


” 


” 


3°30 av. of 3 
“81 nA 


ni 


l 


3 


83 av. of 18 
agp pinche 


- 10 tons 19 cwts. 3 qrs. 


- 1,405 tons 4 cwts. 











Ammoniacal Nitrogen - 
Albuminoid Nitrogen - 
Nitric Nitrogen - - 
Chlorine - - - 


Oxygen absorbed from KMnQ, in 4 hours 
Dissolved Oxygen taken up in 24 hours 


Suspended solids - —- 








bi 








FILTERS— 


Number of times Beds were filled during month - 


Average duration of contact 


Amount of Tank Liquor treated (gallons per cube yard per 2: hours) 


Average Analysis of Filter Effiuent. 





Ammoniacal Nitrogen - 
Albuminoid Nitrogen - 
Nitric Nitrogen - - 


Chlorine = = = 


Oxygen absorbed from KMnQ, in 4 hours 


Dissolved Oxygen 2 
Suspended solids - 2 


—— -—— 


Remarks.— The Filter 


May Ist, 1903. 


| 














3 


18 


oa 
4 


ov} 


- 882,366 gallons=to 17 hours. 
1 - 42 minutes in Tanks. 


~ 


18a) 


rsx 


4 


Best. Worst. Average. 
1°69 2°34 | 19 SON OI a 
‘27 “53 gg iow 
trace nil ore! 
6°2 Tt 75 av. of 18 
1°78 2°50 2°25 3 
- - OOS 
- - - 2 hours. 
- 168 gallons. % 
Best. Worst. | Average. 
1°20 1°81 | 176 av. of 4°. 
10 22 WA blog 
‘D6 trace - Otay 
7°8 7 T'4e ee 
“44 1°32 Thee, 
42 04 ‘21 





samples are almost clear, and contain only a very small quantity of suspended matter. 
Joshua Bolton. 
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HEywoop—continued. 























June, 1903. 
SEWAGE-- 
Average daily flow - - 709,133 gallons - Month’s rainfall - - : - 1°62 inches. 
Maximum daily flow —- > POLO al yh) - Rainfall — - - - ae Ola. 3s 
Minimum daily flow - - 451,500 __,, - ~ Rainfall Be in ee TL 
Average Analysis af Sewage. 
77 aca | Best. | _ _ Worst. Average. 
Ammoniacal Nitrogen - - - 2 : x : 2°21 3°78 3°30 av. of 3 
Albuminoid Nitrogen Fe - - - - - - “56 ies ie BO sa 
ee nil nil nil. 
ES Se 66 yi! he 7°6 av. of 18 
Oaygen absorbed from KMnO, in 4 hours - - - - 6°21 8°28 SO7 2. 1S 
Dissolved Oxygen taken up in 24 hours” - - - - — -- — 
Suspended solids- - - -— - a ee - - — — — 
Tank Liquor— 
Average daily flow through the Tanks’ - - - - ara - 709,133 gallons = to 22 hours 
te 5 minutes in tanks. 
Average number of -Tanksin use © - “=~ -~ = 9. - 7 2 Ol egy, 
Amount of Chemicals used during month - - - : - - - 10 tons 15 cwts. 
Amount of Sludge dealt with during month - - - “prey - 1,340 tons. 
Average Analysis of Tank Liquor. 
_——— | Best. Worst. | Average. 
Ammoniacal Nitrogen - - - - - - - - LSet; 2°42 2°29 ay. of 3 
Albuminoid Nitrogen - = et pecan Aa = 28 "65 "AD toe S 
Nitric Nitrogen - =) Tens - - - - - . nil _ nil nil. 
ORM ae le - 68 70 7°5 av. of 18 
Oxygen absorbed from KMnO, in 4 hours - - - - 2°02 2°56 2837 4,18 
Dissolved Oxygen taken up in 24 hours” - - - - -- — -- 
Suspended solids - - : = . : z : sae tse 7 
FILTERS— 
Number of times Beds were filled during month ts - . - 90. 
Average duration of contact. - - es - - - . - 2 hours. 
Amount of Tank Liquor treated (gallons per cube yard per 24 hours) - 167. 
Average Analysis of Filter Kffluent. 
— | Best. | Worst. | Ayers 
IDEMMORMCMIANIOSEN ray - 9 =) = oa, = - = 0°98 1°92 hock 55, 39, O13 
Albuminoid Nitrogen - - - iia, eae Oso ot § ‘23 BGs sah ca 
Nitric Nitrogen - - - - = ‘ E ae "41 trace, ON ee 
DE Se ki oe Oe 6°6 70 12 els 
Oxygen absorbed from KMnO, in 4 hours - mane - 0°61 1°23 960 i, 18 
Dissolved Oxygen taken up in 24 hours” - - - . = = — 
Suspended solids - Dax es eee eae ae ry S 











temarKs.—The Filter samples are fairly clear, with only slight traces of suspended matter. 


July ist, 1903. Joshua Bolton. 
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SEWAGE- 
Average daily flow - bs 
Maximum daily flow- -  - 


Minimum daily flow (Sunday) 





Ammoniacal Nitrogen- - -— - 
Albuminoid Nitrogen - - -~— - 
Nitric Nitrogen - - as a 


Chlorine - - - - = - 


Oxygen absorbed from K MnO, in 4 hours - 


Dissolved Oxygen taken up in 24 hours 
Suspended solids - ue : x 





Tank Liquor— 


Average daily flow through the Tanks 


Average number of Tanks in use 


APPENDIX : 


Hreywoop—continued. 








Amount of Chemicals used during month - 


Amount of Sludge dealt with during month~ - 


Average Analysis 





of Tank Liquor. 





July, 1903, 
760,358 gallons -  Month’srainfall -_ -  -  - 3°92 inches 
LGLS875 - Rainfall : P ; en EG a 
487,500 _—i,, - Rainfall : ‘ -.., > nil. 
Average Analysis of Sewage. 
Best. ~ Worst. | Average. 
~ a eee 2°68 4°25 3.38 av. of 3 
2 ae eae 41 “69 "Sd eemeret 
- - - - nil. nil ni 
Saree Sa a 74 86 | 78av. of 15 
ae 3 6°36 9°01 784 5, 15 


760,358 gallons = to 21 hours 
19 minutes in tanks, 


53. 
11 tons 11 cwts. 
1,603 tons. 
































ed | Best. Worst. | Average. 

Ammoniacal Nitrogen-5P@ =) = RF ie 9 isp - 2°99 “4°50 - 3°25 av. of 3 
Albuminoid Nitrogen - - - =) - - - "38 "60 AG ORCS 
Nitric Nitrogen - - . - - - - - - nil. nil, nil. - 
Chlorine - - - - - - - - - - 74 80 - 72 av. of 15 
Oxygen absorbed from KMnQ, m 4 hours - - - - 235 5°17 210 RIS 
Dissolved Oxygen taken up in 24 hours” - . - - — — = 
Suspended solids - - - - - - - - - — — —_ 
FILTERS— 

Number of times Beds were filled during month - : : 93. 

Average duration of contact -  - 2 - - ai ie 2 hours. 

Amount of Tank Liquor treated (gallons per cube yard per 24 hours) 167. 

Average Analysis of Filter Egiuent. 
—- Best. | Worst. | Average. 
ae / 

Ammoniacal Nitrogen - - - - - - - - 1°98 | 4°50 3°05 av. of 3 
Albuminoid Nitrogen - - . - - - - - 14 "25 ath iam i 
Nitric Nitrogen - . - - - - - - - “42 23 oy aaa el 
Chlorme - - ; - - 2 : - - - 72 8°3 al Apne 
Oxygen absorbed from KMnQO, in 4 hours - at Bem ais "52 157 ao ay so 


Dissolved Oxygen taken up in 24 hours 


Suspended solids - “ 3 ‘ 





ReMaRKs.—Filter Effluent fairly clear with faint traces of suspended maiter. 


Aug. Ist. 


Joshua Bolton. 
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Hreywoop—continued. 
August, 1963, 


SEwWAGE— 
Average daily flow - - - 1,244,064 gallons. - Total rainfall = - - - - 5°48 inches, 
Maximum daily flow- - - 3,247,875 ,, - Rainfall -~ - Lee 6S Te. 
Minimum daily flow - - . 534,750 4, - Rainfall — - - - Se nil. 


Average Analysis of Scwage. 




















At ss | Best. Worst. Average 
| 
| 


Ammoniacal Nitrogen - . 7 2 : : : | Ps 
Reemeitrogen = = - ll = 


Nitric Nitrogen - - - - - Be ! at ie 





Oxygen absorbed from KMnOQ, in 4 hours - - : - | 


Chlorine eee eng RR | = 
Dissolved Oxygen taken up in 24 hours =. See pes | 
| 





Suspended solids - Ss 2 z - e : - 


Tank Liquor— 


Average daily flow through the Tanks - - - - - - - 1,244,064 gallons, equal to 12 
hours 33 minutes in Tanks. 





























Average number of Tanks in use - - - - - - - - 53 
Amount of Chemicals used during month - - - - - - - 9 tons 13 cwts. 
Amount of Sludge dealt with during month” - - - - - - 1,188 tons. 
Average Analysis of Tank Liquor. 
wa Best. Worst. Average. 
Ammoniacal Nitrogen 2) 9) OR mee ae — ae oe 
Pipurmonereren = fe = \. - pony he Es Ree a: 
Nitric Nitrogen -~— - - P ‘a = 4 2 ae es rs 
Chlorine L - = * : “ . i f i = < — 
Oxygen absorbed from KMnO, in 4 hours. - - - - — = es 
Dissolved Oxygen taken up in 24 hours 2 - = - — ee = 
Suspended solids - — - - - : Y 8 E “ ods ee. = 
FILTERS— 
Number of times Beds were filled during month  - - = - - = “ 72, one week’s rest. 
Average duration of contact - - - - - - - - - - - 2 hours. 
Amount of Tank Liquor treated (gallons per cube yard per 24 hours) - - - 174. 
Average Analys’s of Filter Effiuent. 
— ————$—— —_—— a = SS ae pe es - —_—-— ——— 
yas ED Best. | Worst. Average. 








Ammoniacal Nitrogen - - - - - - - “ / 
CoS RS a a 
Nitric Nitrogen -  - AAD poneeraae A : L 

Chlorine 0 eee a as ~ x 
Oxygen absorbed from KMnO, in 4 hours - - - - _— — o 
Dissolved Oxygen taken up in 24 hours ee 








Suspended solids - “ = : 5 : 














Remarks.—No complete analyses of the Sewage or Effluents were made during August owing to Holidays 


The beds were given one week’s rest. | 
Joshua Bolton. 


March 22nd, 1904, 
€225—Ap. I. Q 
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SEWAGE— 


APPENDIX: 


HEeywoop—continued. 


September, 1903. 











Average daily flow - 1,031,400 gallons. = Total rainfall - - - ~ 4°99 inches, . 

Maximum daily flow =» 2,263,120 75, - Rainfall - ee Si ae Sa hs 

Minimum daily flow - -  Sll,iZ5 — - Rainfall SU ee nn 9 8 

Average Ana’ysis of Sewage. 
———— | Best. | Worst. Average. 

Ammoniacal Nitrogen- -— - - - - : = 1°20 3°82 3°17 
Albuminoid Nitrogen - - -~— - - - - - ‘Al 91 66. 
Nitric Nitrogen - - - - - - - - - nil nil nil 
Chlorine - . - - - - - - - - 81 8°7 84 
Oxygen absorbed from KMnQ, in 4 hours - - - - 8°08 5°63 6°85 
Dissolved Oxygen taken up in 24 hours” - : - - — = _ 
Suspended solids . - - - - - - - — — 24 








TAank Liqguor— 


Average daily flow through the Tanks — - 


Average number of Tanks in use 


Amount. of Chemicals used during month - 


Amount of Sludge dealt with during month 








Ammoniacal Nitrogen - 
Albuminoid Nitrogen - 
Nitric Nitrogen - - 
Chlorine - - - 


Oxygen absorbed from KMnO, in 4 hours 


Dissolved Oxygen taken up in 24 hours 


Suspended solids s 


FILTERS— 


~ 


- 


Average Analysis 


- < 


of Tank Liquor. 





Number of times Beds were filled during month 


Average duration of contact 


Amount of Tank Liquor treated (gallons per cube yard per 24 hours) 








Average Analysis of Filter Eftuent. 





Ammoniacal Nitrogen - 
Albuminoid Nitrogen - 
Nitric Nitrogen - - 


Chiorine : - - 


Oxygen absorbed from KMnO, in 4 hours - 


Dissolved Oxygen - 


Oxygen absorbed from KMn0O, in 3 minutes 


Suspended solids - 





March 22, 1904. 


Num 


Number of samples analysed for the average = 4. 


. Number of samples analysed for the average = 4. 


ber of samples analysed for the average = 4. 














1,031,400 gallons = to 15 hours 
8 minutes in tanks, 


5}. 


10 tons 11 ewts. 


1,283 tons. 











Best. Worst. ! Average. 
65 3°21 2°02 
ai 64 “AB 

traces nil — 

Gs 8:00 77 

3:20 307 3°24 

eG ee. 
- - - - 2 hours. 
= aT7e 

Best. | -...Worst. | Average, 

O51 1°88 1°63 

0°08 0°15 O21. 

0°90 traces 0'4] 

“4 8-2 15 
0°43 1:09 0°78 

33 “14 30 
0°10 28 018 


Joshua Bolton. 
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Heywoop—continued. 
October, 1903. 


SEWAGE— 
Average daily flow - -  - 1,729,328 gallons. = - Total rainfall = - - - 8°81 inches 
Maximum daily flow - — _ ban 3,582,750 ,, - Rainfall WEL ik EM, “OO ,, 
Minimum daily flow - - os ee OL ha Tomes - Rainfall - Wolgiin aaa nil 


Average Analysis of Sewage. 


en ES a ee A 








Best. | ~~ ~-Worst. | Average. 


eee eee ee EEE 








Ammoniacal Nitrogen - - - - - - - - 1°24 2°18 1°95 
Albuminoid Nitrogen - - - - - - - - 24 "60 "41 
Nitric Nitrogen - - . - etree - - = _ a oo 
i ee | SS an a 4°28 G2 50 
Oxygeu absorbed from KMnQ, in 4 hours - - - - 2°25 5°00 4 3129 


Dissolved Oxygen taken up in 24 hours - - - - Ee a isd 


Suspauded solids+ * = ~ 7S oe ce Re a = OF 








Number of samples analysed for the average=4. 
Tank Liquor— 


1,729,323. gallons =te 9 hours 
1 minute, in tanks. 


Average daily flow through the Tanks - : : é : > 





Average number of Tanks in use - . - - - - - - 53. 

Amount of Chemicals used during month - - - - - - - 7 tons 10 ewts. 

Amount of Sludge dealt with during month - - - =. = = 1,450 tons. 
Average Analysis of Tank Liquor. 

—_—_— | Best. | Worst. | Average. 
i 
Ammoniacal Nitrogen - - » - lige - - 65 1°62 1°28 
Albuminoid Nitrogen - - . - - - . - 14 ‘31 "29 * 
Nitric Nitrogen - - - - - - - - nil nil nil 
Chlorine - 3. RRA) SSS eee ae 3 4°4 61 TS eee 
Oxygen absorbed from KMnO,in4hours - - -— - 2°00 3°47 2a, 
Dissolved Oxygen taken up in 24 hours” - 3 - - — -~ _ 
Suspended solids AS rer eth ne he oe — ae a — 

: Number of samples analysed for the average=4. 
FILTERS— 
Number of times Beds were filled during month - - - - 93. 
Average duration of contact - - - - - - - - - 2 hours. 
Amount of Tank Liquor treated (gallons per cube yard per 24 hours)- = -_—‘178. 


Average Analysis of Filter Hfftuent. 





i Sl a 
ae | Best. | Worst. | Average. ~ 

ee Coe 
Ammoniacal Nitrogen - - - - - . - - a 1:32 88 
Albuminoid Nitrogen - . - a ere =) = - ‘05 17 09 
Nitric Nitrogen -~ - 2) Seales . ~ 7 ‘31 ‘81 "54 
Chlorine -— - ee et dais. oir 49 6-0 50 
Oxygen aksorbec from KMnO, in 4 hours - - - - ‘93 1°10 94 
Dissolved Oxygen - - - - . ts 56 “33 ‘41 
Oxygen absorbed from KMnQ, in 3 minutes  - - - 10 "16 ‘11 


Suspended solids - - - - - - - - - — — se 


@ 





Number of samples analysed for the average =4. 
ReMaRKs.—Owing to the very wet weather during this month the Sewage was of a very weak character. 


March 22nd, 1904. Joshua Bolton. 
6225—Ap. L. Q 2 
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HEYwoop— continued 














November, 1903. 



































SEWAGE— 
Average daily flow - - - 1,404,966 gallons. Total rainfall = = z - 3°88 inches. 
Maximum daily flow - - (3,016,500 _,, - Rainfall - - = . ra Ele 
Minimum daily flow - set 1 o5 - Rainfall - - « = arat 
Average Analysis of Sewage. 
ee | Best. ~ Worst. Average. 
Ammoniacal Nitrogen - - - - - - - 2°60 4°02 3°34 
Albuminoid Nitrogen . - - - - - "55 1°02 72 
Nitric Nitrogen - - - - - - - - a may a: 
Chlorine -., - --s% - Ge. eee oe ae 67 aid ra 
Oxygen absorbed from KMnO, in 4 hours - - - 7°62 10°72 8°57 
Dissolved Oxygen taken up in 24 hours” - - : - — — = 
Suspended solids - - : : > . : : : = ae ae 4 
Number of samples analysed for the average =4. 
Tank. Liguor— 
Average daily flow through the Tanks - = 5 oa yee - - 1,404,966 gallons=11 hours 7 minutes 
Average number of Tanks in use - - - - - - - Bhs ae ; | 
Amount of Chemicals used during month 7 - - - 15 tons 8 ewts. 
Amount of Sludge dealt with during month - - - : - 1,482 tons. . 
Average Analysis of Tank Liquor. 
Mise». ' Best. | Worst. | Average. 2 
. 
Ammoniacal Nitrogen - St yet ets - - - 1°82 3°18 2°40 
Albuminoid Nitrogen - - - - - - - “21 59 52 | 
Nitric Nitrogen - - “ - - - - - traces nil = : 
Chlorine - - - - - - : - - . 6°6 78 Tek : 
Oxygen absorbed from KMnQ, in 4 hours - - - - 3°80 56 4°48 ‘ 
Dissolved Oxygen taken up in 24 hours” - - - - — mC a 
Suspended solids- “<= yo =) Ee = Pee os — = — | 
Number of samples analysed for the average=4. | 
FILTERS— 3 
Number of times Beds were filled during month - - - - ae: 
Average duration of contact - - . - - - - - - 2 hours. 
Amount of Tank Liquor treated (gallons per cube yard per 24 hours) rg Wye 
Average Analysis of Filter Effluent. 
— Best. Worst. Average. | 
Ammoniacal Nitrogen - - - - - . - 1°34 2°61 1°98 : 
Albuminoid Nitrogen - - - - - - - "10 ioe 28 
NitricgNitrogen. -..' uj) =o pe =) Boe See "72 nil "38. : 
Chlorine - - - - - - - : 64 60 66 
Oxygen absorbed from KMnQ, in 4 hours - - 134 2°0 1°95 
Dissolved Oxygen ~ - - - - - - Ea “46 “Oy "22 
Oxygen absorbed from KMnQ, in 3 minutes” - - ald ‘28 "34 
Suspended solids - - - - - - - - - — . = <= 
Number of samples analysed for the average=4. > 
ReMARKS.—During this month tke precipitant, Ferrozone, was used, but the results were not satisfactory. 
Joshua Bolton, 
March 22nd, 1904. : 


ROYAL 


COMMISSION ON SEWAGE DISPOSAL. 
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December, 1908. 











125 





SewacEe— 
Average daily flow - - + 1,041,548 gallons, = - Total rainfall - - = 2°01 inches. 
Maxinium daily flow . - 2,323,500 % - Rainfall - - - 65 
Minizaum daily flow - - 648,250 - - Rainfall - - - =f nil. 
Average Analysis of Sewage. 
oe Best. | Worst. | Average. 
Ammoniacal Nitrogen- - - - - - - : ree ae Pr 
Mibamimewiiroren - - §- - -,- - - ae gal Ea, 
Derr resent ee mM aa se BS. 
Chlorine = 2 = - - - - = = = == —_ ail 
Oxygen absorbed from KMnO, in 4 hours - - - — = st 
Dissolved Oxygen taken up in 24 hours - - - - 2 — = 
Suspended solids - - - - - - ° - = = irs 
Number of samples analysed for the average = 
Tank Liqguor— 
Average daily flow through the Tanks - 4 - - - - 1,041,548. 
Average number of Tanks in use - - - : : : = 5S. 
Amount of Chemicais used during month - - - - - - 11 tons 6 cwts. 
Amount of Sludge dealt with during month’ = - : - - 1,565 tons. 
Average Analysis of Tank Inquor. 
—_——- | Best. | Worst. Average. 
Ammoniacal Nitrogen - - - - - - - — = cee 
Albuminoid Nitrogen - - - . - - — ae se 
Nitric Nitrogen - - - - - - - - - -- — = 
Chlorine - - = - ve ne - - - é pe ee — 
Oxygen absorbed from KMnO, in 4 hours - - - - — — = 
Dissolved Oxygen taken up in 24 hours” - = : - = ot el 
Suspended solids ee? . - - - - - — — — 
Number of samples analysed for the average = 
FILTERS— 
Number of times Beds were filled during month - - A es 93. 
Average duration of contact - . - - - - - - 2 hours. 
Amount of Tank Liquor treated (gallons per cube yard per 24 hours) L72. 
Average Analysis of Filter Effluent. 
we | Best. | Worst. | Average. 





Ammoniacal Nitrogen - -— - : 
Albuminoid Nitrogen - - -~ - 
Nitric Nitrogen - - - - - 
Chlorine - = ie - - 
Oxygen absorbed from KMnO, in 4 hours 
Dissolved Oxygen - = S - 


Suspended solids eee hte t 


Number of samples analysed for the average — 


Remarks.—No analyses were made during December. 


March 22nd, 1904. 


Joshua Bolton. 
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Hrywoon-—continued. 
January, 1904. 


SEWAGE— 
Average daily flow - - = 1,068,290 gallons. - Total rainfall - +s -. 3°33 inches © 
Maximum daily flow - 1 me 25278,875 55 ng Rainfall a Ht rlinh og RA 14 ie 
Minimum daily flow : - 509,625 is - Rainfall - - - - - nil. 


Av.rage Anilysis of Sewage. 








———— Best. | Worst. | Average. 
Ammoniacal Nitrogen - - : - - - - - 3°08 4°30 3°44 
Albuminoid Nitrogen - - - - - - - - 61 1°08 ‘90 
Nitric Nitrogen - - - - : - - - - — oe -— 
Chlorine - - - - - - : * - - 7U 76 75 
Oxygen absorbed from KMnO, in 4 hours - - - 6°10 8°87 8°26 





Dissolved Oxygen taken up in 24 hours - - - - ~ -— -- 


Suspended solidg:-27 (2) 4 whesee. eee hes ee Sas ae: a 








Number of samples analysed for the average =4. 
Tank Liquor— 


Average daily flow through the Tanks - - - : . - - 1,068,290 gallons = to 14 hours 








37 minutes in tanks. 

Average number of Tanks in use -~ - - age ade - - 5% 

Amount of Chemicals used during month - - - - - - 10 tons 11 ewts. 

Amount of Sludge dealt with during month -~— - - - - - 1,468 tons. 

Average Analysis of Tank Liquor. 
—— | Best. Worst. | Average. 

Ammoniacal Nitrogen - - - - - - - - 1°85 1°78 237 
Albuminoid Nitrogen - - - - - - - - "38 "50 eee 
Nitric Nitrogen - - - - - - - - - traces nil _ 
Chlorine - =i es - i ad eee Meme | ba - U5 72 72 
Oxygen absorbed from KMnO, in 4 hours - - - 3°02 4°43 3°42 
Dissolved Oxygen taken up in 24 hours - - - - — _ — 
Suspended solids'-°" =! ls" “fs 5 = hs ys og — — — 








Number of samples analysed for the average=4. 
FILTERS— 
Number of times Beds were filled during month - - - -  - 82. 
Average duration of contact - rachel - - - - - - 2 hours. 
Amount of Tank Liquor treated (gallons per cube yard per 24 hours) - 176. 
Average Analysis of Filter Effluent. 





we | Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - - - - - - 1°18 1°31 oe AMS 
Albuminoid Nitrogen - - - - - - - 14 “49 30. 
Nitric Nitrogan. - 2 : = : : : < - 88 “21 oe Ba 
Chlorine - - - - - - - - - - 75 71 71 
Oxygen absorbed from KMn0O, in 4 hours - - = “74 151 - "99 
Dissolved Oxygen - - - - - - - - "43 "28 33 
Oxygen absorbed from KMnO, in 3 minutes - - - ‘11 "29 ly 


Suspended solids - - - - : : < é “ ~~ ae = 





- 





Number of samples analysed for the average=4. 


Remarks. —All the beds received 3 days’ rest during this month. 
Joshua Bolton. 
March 22nd, 1904. 


Yo ee) eT ee a 
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Hrywoop—continued., 

Ee wi tats February, 1904. 
Average daily flow - -- - 1,380,172 gallons. -. ‘Totalrainfall - + - 3°76 inches, 
Maximum daily flow - ~ *PSSE 250. =", - marniall: -: Weel Vis fulego. ,, 
Minimum daily flow ~ oe TES DOU ras - TiaWtailee «sa Me TT, 

Average Analysis of Sewage. 
ea | Best. | Worst | Average. 

Ammoniacal Nitrogen - = . e P i : rc 3:06 4°40 3°58 

Albuminoid Nitrogen - eee % : 3 . : *48 1 20 ‘71 

Nitric Nitrogen -~ - : = 2 3 : ke 2 a ees 

CE eee 68 73 69 

Oxygen absorbed from KMnO,in4hours - §- -~ - 631 10°08 748 

Dissolved Oxygen taken up in 24 hours” - Pe hu = : = 

Prinpendedpolids-Se-} eos = = Nsnhsh  - Se | * 90 

Number of samples analysed for the average = 4. 
Tank Liqguor— 
Average daily flow through the Tanks - - . - - - - 1,380,172 gallons. 
Average number of Tanks in use - 5g OE ot ie a eee sis bk, 
Amount of Chemicals used during month — - - - - - 10 tons 4 ewts, 
Amount of Sludge dealt with during month- - - -~— - 1,525 tons. 
Average Analysis of Tank Liquor. 
— | Best. | Worst. | Average. 

PaemiiseetNitropen- = - - » -  « «° = 1°85 1°85 1°84 

Albuminoid Nitrogen- — - 3° ree - ate os "30 37 35. 

Nitric Nitrogen. - ©- ~ °- ets ie . - - nil nil nil 

Ceeeee ee thet, ee 6'8 65 68 

Oxygen absorbed from KMnO, in 4 hours - ray - 2°87 3:57 3°18 

Dissolved Oxygen taken up in 24 hours - en hale - — Toh =. 

Suspended solids - . - = - - - - - 5S -—~ 

| Number of samples analysed for the average = 4. 
FILTERS— : 
Number of times Beds were filled during month. _ - - - - - 87. 
Average duration of contact = - - - - - - - - - .2 hours. 
Amount of Tank Liquor treated (gallons per cube yard per 24 hours) - 176. 
Average Analysis of Filter Effluent. 
ok | Best. | Worst. | Average. 

Ammoniacal N itrogen 3, pate oe 1°62 1°35 1°40 

Albuminoid Nitrogen- - - - - " - 14 ‘27 20 

eemeratrogen - - tie et tre ot ae 68 ‘51 “71 

Re lee 66 71 66 

Oxygen absorbed from KMnO, in 4 hours - -  - - ‘87 122 1:05 

DMesolvedOxygen. -) §- - - = Be ie 3 “42 30 38 

Oxygen absorbed from KMnO, in 3 minutes” - - 10 "25 19 

Suspended solids* fr Re sar: = | = 








Number of samples analysed for the average = 4. 





March 22nd, 1904. 


Joshua Bolton. 
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SEWAGE— 
Average Daily flow. - - : 
Maximum daily flow - - 


Minimum daily flow - - 


TANKS— 
Average daily flow through Tanks 
Average number of Tanks in use 


Amount of Chemical used - 
Amount of Sludge dealt with - 


SEWAGE— 
Average daily flow - - s 
Maximum daily flow : . 


Minimum daily flow - . 


TankKs— 
Average daily flow through Tanks 
Average number of Tanks in use 
Amount of Chemicals used - 
Amount of Sludge dealt with - 


SEwAce— 
Average daily flow - - ‘- 
Maximum daily flow - - 


Minimum daily flow- -  - 


TANKS— 
Average daily flow through Tanks 
Average number of Tanks in use 
Amount of Chemicals used - 
Amount of Sludge dealt with = - 


SEWAGE— 
Average daily flow - - - 779,800 gallons. 
Maximum daily flow - =) 1,449,700 3, 
Minimum daily flow - - - 552,000 __,, 


TANKS— 
Average daily flow through Tanks 
Average number of Tanks in use 
Amount of Chemicals used - 


Amount of Sludge dealt with - 


SEWAGE— 


Average daily flow - - : 


Maximum daily flow - 


Minimum daily fow- -~— - 


TANKS— 
Average daily flow through Tanks 
Average number of Tanks in use 


Amount of Chemicals used = - 
Amount of Sludge dealt with - 


APPENDIX: 


Hry woop.—continued. 


580,125 


604,875 


771,935 gallons. 
1,408,125 


856,354 gallons. 
1,415,625 
597,000 


562,875 


1,143,903 gallons. 
2,920,875 


”? 


” 


1,073,333 gallons. 
1,959 000 


CP} 


” 


” 


ob) 


” 


”) 


March, 1904. 
Month’s rainfall - - - - 2°34 inches. 
Rainfall - - - : ips pion 3. 
Rainfall = - : - - - 


nil 


1,143,903 gallon, equals to 14 
hours 17 minutes in Tanks. 


- - wes 
10 tons 17 cwts. 3 qrs. 
1,606 tons 14 cwts. 


April, 1904. 


Month’s rainfall - = : - 1°97 inches 
Rainfall — - - - : - SLeriy 
Rainfall 5 - : s - nil. 


1,073,333 gallons, equal to 15 
hours in Tanks. 


ate ae 


9 tons 15 cwts. 
1,454 tons.’ 


May, 1904. 


Month’s rainfall - ~ - - 2°93 inches. 
Rainfall ; a = = 32 
Rainfall ee ies 


” 


nil. 


- - - . 856,354 gallons, equal to 18 
oe 49 minutes in Tanks. 
Ren een i, 


10 tons 15 ewts. 
1,383 tons8 cwts. 


June, 1904. 
Month’s rainfall - = ¢ - 1°22 inches 
Rainfall : - - - = ee 
Rainfall 2 z = : = ae 


779,800, equal to 20 hours 84 
minutes in Tanks. 


NPR ae in eS 


10 tons ¥5 cwts. 
1,646 tons 15 cwts. 


July, 1904. 
Month’s rainfall - - = - 1°64 inches 
Rainfall : . - - =<" SGN 
Rainfall : és : - = nits 


771,935 gallons, equal to 21 hours 
in Tanks. 


- - - 5s. 
11 tons 1 cwt. 
1,432 tons 5 cwts 
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SEWAGE— 


Average daily flow - — - 


Maximum daily flow 2,629,500 


Minimum daily flow - = 465,000 


TANKS— 


Average daily flow through Tanks - - 


Average number of Tanksin use - “ 
Amount of Chemicals used = - * = 
Amount of Sludge dealt with - : 


SEWAGE— 


Average daily flow - - 


Maximum daily ‘flow - 1,119,375 


451,125 


Minimum daily flow. - 


TANKS— 


Average daily flow through Tanks - 


Average number of Tanks in use - - 
Amount of Chemicals used - - 
Amount of Sludge dealt. with are - 


SEWAGE— 


Average daily flow- — - 
2,218,500 
404,250 


Maximum daily flow - : 


Minimum daily flow 


TANKS— 


Average daily flow through Tanks - 


Average number of Tanks in use : 
Amount of Chemicals used - = - 
Amount of Sludge dealt with - - 


SEWAGE— 


Average daily flow - - 3 
Maximum daily flow : 


Minimum daily flow - ma BS 


TANKsS— 


Average daily flow through Tanks - 


Average number of Tanks in use - 
Amount of Chemicals used - - 
Amount of Sludge dealt with - . 


SEWAGE— 


Average daily flow - . 
2,698,500 
559,750 


Maximum daily flow - . 


Minimum daily flow - - 


TANKS— 


Average daily flow through Tanks - 
Average number of Tanks in use 
Amount of Chemicals used = - 


Amount of Sludge dealt with -,— - - 


6225—Ap. I. 


948,645 gallons. 


” 


9 


669,000 gallons. 


3) 


” 


772,193 gallons 


” 


9 


1,019,000 gallons. 
2,658,000 
384,375 


1,142,129 gallons. 


oP) 


” 


August, 1904. 


Month’s rainfall — - - 4:96 inches. 
~ Rainfall 2 2 - - e ta4 
Rainfall - : - Se - oil. 


Month’s rainfall - # a : 


Rainfall 
Rainfall 


Month’s rainfall. - E “ 


Rainfall 
Rainfall 


Month’s rainfall 2 F; a 


948,645, equal to 16 hours 28 
minutes in Tanks. 
~ Bd, 


- 10 tons 4 cwts. 


- 1,203 tons 2 cwts. 
September, 1904. 


1:00 inches 
2 ‘37 ” 


: =n. 


- 669,000 gallons, equal to 24 
: hours:3 minutes in Tanks. 
- 55. 


- 11 tons 8 cwts. 


- 1,518 tons 11 cwts. 
October, 1904. 


- 2°03 inches, 


Borgel arabes Meap ee lla 
Seger wise gist ls eal, 


- 772,193 gallons, equal to 21 
hours in Tanks. 
- 5s. 


- 10 tons 15 cwts. 
- 1,729 tons 4 cwts. 


November, 1904. 


3°50 inches. 


Rainfall - - - - t 3; Oy, is 


Rainfall 


Month’s rainfall - 2 . 


Rainfall 
Rainfall 


- = E = sahil 


- 1,019,000 gallons, equal to 15 
hours 56 minutes in Tanks. 
wD 


NIH 
: 


- 10 tons 7 cwts. 1 qr. 
- 1,605 tons 12 cwts. 


December, 1904. 


2°14 inches, 
4 se " % 60 ” 


- - - - - nil. 


1,142,129 gallons, equal to 14 
hours 3 minutes in Tanks. 
- 5h 


- 9 tons 10 ewts. 


- 1,565 tons 15 ewts. 
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MINUTES OF EVIDENCE : 


Mr. Jawes H. Kersuaw, r.c.s., Chemist and Manager of the Corporation Sewage Works, Rotherham, 
called in ; and Examined. 


21390. (Chairman.) You are Mr. James H. Kershaw, 
Fellow of the Chemical Society, chemist and manager 
of the Corporation Sewage Works, Rotherham ?7—Yes. 


21391. You have come before us to-day to give 
evidence as to your experience in the treatment 
of sewage, with special reference to the Rotherham 
Sewage Works ?—Yes. 

21392. At Rotherham what is your system of sewage 
treatment, shortly described ?—Sedimentation, followed 
by single contact, and then passed over land. 

21393. What is the population draining to the 
Rotherham works ?—About 53,000 or 54,000. 

21394. What is the system of drainage? That is to 
say, is the storm water either wholly or partially 
drained into a separate system, and if only partially, 
to what extent ?—It is mostly on the combined system. 
Only to a very small extent is the storm water kept 
separate from the sewage. 

21395. Is there any infiltration of subsoil water 
into the sewers ?—Yes. 

21396. What is the water supply per head, and from 
what source does it come ?—The water supply is 23°27 
gallons per head. A portion of it is derived from local 
gathering grounds in an agricultural district, and the 
rest consists of moorland water, which we get from the 
Sheffield Corporation. 

21397. Is it hard or soft water; if the former, what 
are its chief mineral ingredients?—The water we get 
from Sheffield is soft. Our local water is hard. As 
the hardness is mostly permanent, it will be due 
chiefly to the presence of sulphate and chlorides of 
lime and magnesia. A little iron is also present. 

21398. What is the drainage area of the part of the 
town which is sewered ?—About 1,000 aeres. 

21399. What proportion of the population use pail 
closets or middens and what proportion use water- 
closets ?The pail system is not used in Rotherham. 
Water closets are provided for about half the popula- 
tion, and midden closets for the remainder, Last year 
over 300 midden closets were replaced by water-closets. 

21400. Has the flow of sewage to your works been 
gauged? If so, what is the average number of gallons 
delivered at the works per day of twenty-four hours in 
dry weather in winter and in summer ?—The flow of 
sewage has only been gauged when the tanks have 
been refilled after sludging. The last measurements 
were made in October, 1904, when the flow was a little 
over 980,000 gallons in twenty-four hours. 

21401. What is the maximum dry weather rate of 
flow, and at what hour does this occur ?—That has not 
been determined. 

21402. Has the minimum dry weather rate of flow 
been determined ?—No. 

21403. Can you say what has been the maximum 
wet weather rate of flow to the works, and during how 
many hours it has continued ?—No. 


21404. What storm overflows have you on your 
sewers, and at what rate or rates of flow do they come 
into operation ?—There are several fixed sills or weirs 
in the sewers, but I have no information as to the rate 
of flow at which they come into operation. 


21405. What is the largest number of gallons of 
sewage which have passed the last storm overflow and 
come to your works in twenty-four hours?-—No obser- 
vations have been made. 


21406. Can you say what is the volume of water in 
gallons represented by the average yearly rainfall on 
the drainage area ?—Our drainage area is about 1,000 
acres, and in 1904 the total rainfall was 20-66 inches. 
This represents 468,723,750 gallons of water. 


21407. Can you give the Commission an approximate 
statement as to the volume of sewage which comes to 
your works during the year, and the volume which 
passes over your overflows?—I should say we received 
during 1904 at least 565,000,000 gallons of sewage at 
the works. I have no knowledge as to the volume 
passing over the overflows in the sewers. 


21408. If there be any infiltration of subsoil water 
into the sewers, does it occur regularly, or does it vary 
with the seasons or with the state of the weather; and 
can you give an approximate idea of the extra amount 
of liquid at one and another time entering the sewers 
from this source ?—We get some subsoil water into the 
sewers, but I am unable to give any idea as to the 
amount. Some of the sewers are laid in very wet 
ground. The rate of infiltration will be influenced by 
the height of the ground water. 


21409. How many gallons of trade effluents enter 
the sewers daily (twenty-four hours), and what is the 
nature of these effluents? If you have analytical 
figures, please give them?—The only trade refuse we 
have traced up to the present comes from one works, 
and amounts (so I am informed) to between three and 
four thousand gallons per twenty-four hours. This 
is a works where gas liquor is dealt with for the re- 
covery of the ammonia it contains. The waste liquors 
from the still are discharged without any kind of treat- 
ment direct into the sewer. This refuse is heavily 
charged with soluble sulphides and sulphocyanides, 
etc., and at times the amount of suspended matter 
present is very considerable. Lime ig used in the 
process to liberate the ammonia. I have examined a 
few samples of this particular refuse with the follow- 
ing results :— 


All the samples gave an alkaline reaction with 
litmus paper, and had a phenolic odour, Many contained 
much greyish suspended matter which quickly settled, 
leaving a very clear, brown top water. The sus- 
pended solids consisted very largely of waste limey 
matter. HCl. added to the samples dissolved prac- 
tically all the suspended matter, much H,S being 
liberated. 











‘Solids in suspension - - ~ A Soot -t che 


» in solution - - : . a4 r, A 
Total solids - 2 : : 2 : 


Which on ignition lost - 2 2 & ‘ ‘ 
And the ash - - - - Z : i “ 
Oxygen absorbed—4 hrs. 
sample as taken - . - - J . 2 
Oxygen absorbed—4 hrs. test—by liquid portion only — - 
Sulphocyanides and cyanates, calculated as NH,SCN - 





test—at laboratory temperature, by 


1 2 3. 4 
A { Very small } 2628-0 344 0 2568-0 
amount c 

; bed 1836-0 180-0 2216-0 
: 1138-0 4464-0 524-0 4784 0 
; 290°0 172-0 128-0 748-0 
; 848-0 4299-0 296-0 4036-0 
438-0 967:0 T1°5 1090-0 

Z Zs 939-78 63°5 1080-0 
F 200-0 150-0 25-0 250-0 








NH,SCN. 
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T! ere were estimated (approximately), colorimetrically, by means of an acid (HCI) solution of Fe,Cl, and stancard 
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the samples often come out badly on analysis, although Mr. James 


21410. Has your authority framed any rules for the. 
I have never found them to become putrescent or H. Kershaw, 


reception of trade effluents into sewers?—At present 


we have no rules or regulations dealing with the ad- 
mission of trade refuse to our sewers. 


21411. Do you find that the trade effluents interfere 
with the process of purification by reason of their 
quality, variations in composition, fluctuations of 
volume, or otherwise? If so, would you kindly tell 
us what your difficulties are?—I have explained the 
nature of the trade refuse in reply to Question 21409. I 
find the presence of that trade refuse in the sewage 
interferes very seriously with our results. It is not 
the volume so much as the strength or quality of the 
liquor that causes the trouble. At first when we 
bezan to get this refuse at the works many square 
yacds of the surface of our filters were literally covered 
with worms that were evidently driven out of the 
material by the presence of something unusual in the 
tank effluent run on to the beds. ‘These worms 
appeared to be in a very sickly condition. I allowed 
them to remain, and the filters were worked as lightly 
as possible for a few days, when almost the whole of 
the worms went down into the filter again. A recur- 
rence of this takes place when the liquor comes down 
with a rush instead of in a steady stream. Our process 
consists of sedimentation, single contact (in coal 
filters), and finally the water is passed over heavy 
clay land. Sulphocyanides are nearly always present 
in the effluent, and as these compounds react in the 
oxygen absorption and the albuminoid ammonia tests 


deteriorate on keeping at laboratory temperature, As 
we do not get regularly satisfactory results with our 


F.C.S. 


present plant, I am constructing some experimental 10 May 1905, 


filters to ascertain the effect produced by second con- 
tact and continuous filtration. 


21412. Can you say what the average amount of 
suspended matter in your sewage is in dry weather ?— 
I have made no detailed estimations of the suspended 
matter present in our sewage; but from our two 
screens (one with three-quarter inch spaces and the 
other with half inch) and catch pits we remove from 
twenty-five to thirty one-horse loads of refuse and 
silt per month. 


21413. What is the physical character of these 
solids?—This stuff consists chiefly of paper, solid 
excreta, rags, pieces of wood, lumps of grease and fat, 
vegetable waste, occasionally intestines, etc., from 
slaughter-houses, and in addition the sandy matter 
washed into the sewers from the roads. The sus- 
pended matter going forward to the tanks will consist 
of this class of material, only im a more broken up or 
disintegrated state. 


21414. Can you give us average analyses of the 
sewage for the years 1903 and 1904 in summer and 
in winter?—The average results of sewage analyses 
are as follows :— 


SUMMER, 1903. 






















































































ae Oxy. Ab. NaCl. No. of Wet Days. Inches Rain. 
June - - - - 5°68 17°57 
July - - - - - : 65 19°5 
No record. 
August - - - - - 6°44 19-27 
September - - - - 7°18 18:9 
Average- - . 6°45 18°81 
WINTER, 1903. 
November. - - : | 4-25 15°98 12° 151 
December - - “ - pile 14:05 15: 113 
January - - - 4°80 14°8 ! 
No record. 
February - - - - 6°43 = J 
Average - | 4°41 14:94 
° SUMMER, 1904. 
June- - - - 6°67 18°89 5° 34 
July - - - - - 8°19 18°57 9- eS ee 
August - - - 8-37 19°44 Po 3°51 
September- - - - 8:68 20°41 6° ‘Ol 
Average - 7°98 19°33 Total 29: Total 6°33 
WINTER, 1904, 
Oxy. A. NaCl. No. of Wet Days. Inches Rain. 
November aint = 9°6 21°30 ils ‘97 
December - - : 11-76 sg ne i-44 
January ants - 5°02 14°8 16° 213 
February - : : 2°95 12°45 193 3:75 
Average- - 7°33 16°18 Total 57° Total 8-29 
R2 
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21415. Is it a “strong” sewage, and, if so, what 
characterises its strength?—Apart from the trade 
refuse before referred to, ours is not a strong sewage. 


21416. Does its strength vary very much from hour to 
hour or on different days of the week, and, if so, do 
these variations affect the quality of your final effluent 
to a marked degree ?—The strength of the sewage does 
not vary very much during the day, but some days it 
is stronger than others. These variations do not 
materially affect the final effluent. 


21417. Have you any information as to the bacterio- 
logical condition of the sewage in dry weather and in 
storm times ?—No, 


21418. Are there any chemical poisons in the sewage ? 
If so, what are they, and to what extent do they occur? 
—Yes. Sulphocyanides are almost always present. I 
have only recently commenced to estimate the amount 
present in our sewage, but I have had to do with sewage 
containing (approximately) sulphocyanides expressed 
as NH,SCN, varying from traces up to 110 parts per 
‘100,000. 


21419. Is the sewage always alkaline?—Up to the 
-present it has always been either neutral or faintly 
alkaline. JI have never known it acid. 





MINUTES OF EVIDENCE : 


21420. Do you find that the amounts of suspended 
solids are increased or diminished in times of storm ; 
and can you give the Commission the figures at the 
end of each hour during a storm of some hours’ dura- 
tion ?—The amount of suspended matter in sewage is 
very largely increased in times of storm. 


21421. How many years ago were your sewers laid, 
and do you know whether they have sunk much in 
places so as to allow solids to accumulate ?—Our main 
system of sewers is practically new, having only been 
down six or eight years. One section at least of the 
old system of sewers which is at present in use has 
sunk to some extent, so that am accumulation of solid 
matter takes place. 


21422. What is the character of the liquid part of 
the sewage in storm times? Perhaps you could illus- 
trate this answer by analyses of the liquid portion of 
the sewage in dry weather and in storm times ?—The 
following results were obtained from the partial 
analysis of samples taken during storms at overflows. 
As taken the samples were offensive, and contained 
much solid excreta. After removing the suspended 
matter by passing once through filter paper, the 
liquids were all fairly clear and not particularly offen- 
sive. 











= As taken. 
Chlorine as NaCl - - at: ) 2 
Free NH3 - - : - iver — | 144 
Alb..do., c= : - -| 1°03 76 ‘66 
Oxygen absorbed (4 hours test)- | 8713 56 — 





Purification effected by removing the suspended matter : 


.absorbed, 83% 74%. 


21423. In what way or ways do you think the sewage 
which comes to the works should be dealt with-in 
storm times? Perhaps I should amplify this question 
a little. The usual requirements of the Local Govern- 
ment Board are, I understand, that any_increase in 
flow up to three times the normal dry weather rate 
should be fully dealt with by the ordinary complete 
plant, and that a certain number of additional dilu- 
tions—up to a total of six—should be treated on special 
- storm filters. Do you think these are proper require- 
ments, or do you think they should be modified in 
-any way? It is, I believe, often found that the storm 
sewage which first comes down to the works contains 
a largely-increased amount of suspended solids, and 
I should like to know whether you consider that your 
vordinary (dry weather) plant is exposed to damage in 
any way—as, ¢.g., rapid choking—by having to deal 
with this amount of storm sewage, and whether you 
think it would be better to adopt some other treat- 
ment. Although the storm sewage, including the 
suspended solids, is a very polluting liquid, possibly 
the liquid portion alone is not very polluting, and this 
suggests that settlement of all the sewage arriving at 
the works in time of storms in tanks for a few hours, 
after, possibly, the addition of chemicals, might per- 
haps be a better plan of treatment than passing a 
portion of it through the ordinary plant, and the 
balance through storm filters. Would such setitle- 
ment alone be suflicient for the whole of the sewage 
arriving at the works in times of storm ’—The sewage 
is very foul for some considerable time after a storm 
arises. The damage likely to occur from choking of 
filters by passing storm sewage through the ordinary 
dry weather plant depends largely on the circum- 
stances of the case. For instance, if the tanks are 
clean and contain comparatively little sludge, little 
or no harm should take place; but if, on the other 
hand, the tanks are dirty and about ready for sludg- 
ing when the storm takes place, the extra rush and 
speed of the water through the tanks will set the 
sludge in motion, and a great quantity will be washed 
out and carried into the filters, thus causing choking 
up to take place. The method suggested in the latter 
portion of the question for settling the whole of the 
storm sewage in tanks would né doubt be very helpful 
and useful, but I am afraid such treatment alone, with- 


After removing suspended matter. 





(@) (e) (a) (0) (¢) (d) (e) 
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out some form of subsequent filtration, could not be 
relied upon to produce a satisfactory effluent. 

21424. Do you think that the point at which storm 
overflows should come into operation should depend 
upon the configuration of the land—whether it is hilly 
or flat, etc., and upon the character of the surface 
soil geologically ?—In hilly districts the storm sewage 
will pass away to the outfall works more rapidly than 
in flat districts, so that storm overflows might be 
allowed to come into operation sooner in the former 
than in the latter case. 


21425. Should storm overflows be fixed or movable ? 
—In my opinion storm overflows should be fixed. 


21426. Do you think the number of: dilutions at 
which storm sewage may properly be allowed to pass 
into the stream should be dependent upon the size 
and nature of the stream into which the storm sewage 
would pass? Is it possible, for example, that in some 
circumstances no injury to the stream would be 
caused by allowing overflows to come into operation 
when the increased flow was slight while in others this 
would not be the case?—Storm sewage discharged 
after the same number of dilutions frail not have the 
same effect on all streams. If the overflow is into a 
large stream a smaller number of dilutions might be 
allowed before the discharge takes place than if it was 
run into a small stream. 


21427. Could you give us an analysis of a typical 
sample of your road water during the early period of 
a storm +—No. j; 


21428. Have you any information as to the bacterio- 
logical condition of the road water ?—No. 


21429. Do you consider that in certain circum- 
stances this liquid should be purified ?—Yes. 


21430. What are your views as to the comparative 
cost and advantages of the separate and combined 
system of sewers?—I have no information on this 
matter. 


21431. Is your sewage settled, and, if so, how; i.e., 
by quiescent settlement or continuous settlement ; 
and what length of time does it stay in the tanks or 
take to pass through, as the case may be? Would 
you kindly give an average analysis of the tank 
liquor, including the figures for suspended solids ?— 
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Cur sewage is settled on the continuous system, and 
takes about a day to pass through the tanks. . The 
average tank effluent for 1904 took up 3°65 parts 
oxygen and contained 14°33 NaCl., and showed a 
purification over the sewage of 49°37 per cent. on the 
oxygen absorption. 


21432. Have you data to show what proportion of 
the suspended matter in your sewage is settled in 
half-hour, one, two, three, four, five, six, twelve, and 
twenty-four hours, if the scwaye is given quiescent 
settlement ?—No. 


21433. What time would be necessary for you to 
gain a good tank liquor containing, say, no more than 
six or eight parts of suspended solids per 100,000 from 
your sewage (without the addition of chemicals), by 
quiescent settlement and by continuous flow settle- 
ment ?—That has not been determined. 


21434. Do you prefer to use settlement tanks in 
series or in parallel?—I should say tanks used in 
series will give best results. : 


21435. In the case of continuous flow tanks do you 
think there is any advantage in the employment of 
baffling boards or walls?—I do not think baffle walls 
are of much service, but scum boards should be pro- 
vided. 


21436. How is the sludging of tanks done at your 
works, and what is the character of the sludge? Does 
any nuisance attend the operation, and, if so, is it 
serious? Have you means of storing sludge, or do you 
have to get rid of it as soon as it is removed from your 
tanks ?—All the sludge from our tanks gravitates to 
a well inside the building, from which it is lifted by 
ram pumps into an overhead tank outside, then, if we 
wanted to press, it would flow back into the mixing 
vessel, and after liming, etc., it would go to the 
presses. Up to the present it has all been run from 
the overhead tank into lagoons. Whenever you have 
several thousand gallons of liquid sludge exposed 
there is bound to be some amount of smell, but at no 
time has there ever been anything that could be called 
a nuisance. We have no storage. The sludge has all 
to be got rid of at once. 


21437. Should the heavy (road detritus, etc.) por- 
tion of the suspended matter in sewage be removed as 
a first operation, or do you think it better and more 
economical to let everything settle in the tanks, and 
subsequently to screen the sludge ?—I prefer to keep 
the road detritus out of the tanks as much as possible. 


21438. What is the manurial value of your sludge, 
and will farmers take it?—For some reason or other 
farmers seem to have a dislike to sewage sludge as a 
manure. There is much difficulty in getting them to 
give it a fair trial. We were fortunate last year in 
haying a fair quantity taken away. Spread on our own 
grass land it improved the herbage very considerably. 
Potatoes also did well with it. An average sample 
of sludge being pumped into our lagoons in January 
gave the following results :— 


H,0 eevee + -- 85:0 per cent. 





Organic and volatile matter - 7°4 fs 
Mineral and sandy matter - 7°6 . 
100-0 





Another sample of sludge after drying in a shed for a 
considerable time contained 


Moisture - - - - 12°77 per cent. 





Organic and volatile matter - 25°82 * 
Sand and mineral matter - 61°41 = 
100-00 





Owing to the ready solubility of ammonia salts, the 
amounts found in sewage sludge are usually very small 
indeed. In my opinion very much less difficulty would 
te met with in the disposal of the sludge produced at 
many works if it could be reduced to the form of a 
coarse powder at anything like a cheap rate. In this 
condition it would be more convenient to handle and 
use, and probably these advantages would induce a 
more general desire to give it an extended trial. 


21439. Are there any chemical poisons in the sludge ? 
—I do not know of any. 


21440. Do you find any nuisance from the treatm nt 
of sewage in settlement tanks? Have any complaints 
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been made?—We get a slight smell from the tanks at 


‘times, but nothing serious. No complaints have been 
made. 
21441. Have you kad experience of the chemical 


precipitation of sewage ?—Yes. 

21442. Have you any reason to think that sewage 
from which the solids have been removed by the aid 
of chemicals is less easily purified by subsequent filtra- 
tion than sewage from which the solids have been re- 
moved by settlement or by passage through septic 
tanks ?—No. 


21443. Have you tricd various chemicals? Can you 
give any comparative data on the practical value and 
cost of different precipitants for the preliminary treat- 
ment of sewage, stating whether you are referritig to 
the precipitation of strong or of weak sewage?—-I am 
not able to give comparative aata as to cost, etc., as 
my experience was with one particular process. 


21444. What is the most effective way of adding 
chemicals ?—The chemicals should be in solution before 
being added to the sewage. 


21445. What is the character of the suspended matter 
in the liquor from the precipitation tanks ?—The small 
amount of suspended matter present in the tank 
effluent would most likely consist chiefly of Al(OH), 
and probably insoluble compounds of fatty acids 
derived from soap. 


21446. Do you find it necessary to add further 
chemicals to the sludge before it can be dealt with? 
If so, for what reasons, and how are they added ?—If 
sludge is to be pressed at -anything like an economical 
rate it is absolutely necessary to mix lime with it. 
When sludge is pressed without lime it is very seldom 
that above two charges of good cake can be drawn from 
a press in one day, whereas when lime is used a press 
may be charged and drawn in about an hour. The 
lime helps to hold the water, and at the same time 
produces a hard, dry-looking cake. It is best to 
add the lime in the form of a fine dry powder to the 
liquid sludge in the mixing vessel before it passes into 
the forcing rams. However hard and dry a piece of 
fresh press cake may look and feel, it almost always 
will contain 50 per cent. or more of water. 


91447. What was the manurial value of the sludge 
obtained by the chemical precipitation of sewage, and 
would farmers take it?—The sludge resulting from the 
precipitation process (with which I was at one time con- 
nected) after drying, etc., was sold. As there was a 
good demand for it I presume its manurial value in 
practice was found to be satisfactory. 


21448. Did it contain any chemical poisons ?—Not to 
my knowledge. 


21449. Did you find any nuisance from the treatment 
of sewage in chemical precipitation tanks? Were any 
complaints made?—Under normal conditions no 
nuisance need be caused by precipitation tanks. 


21450. As regards septic tanks, how should they be 
shaped ?—An oblong tank and not too narrow seems 
to me to be the best shape, and arranged so that the 
sewage flows in the direction of the greatest length. 


21451. Should they be divided into sections ?—I do 
not think it is necessary to divide tanks into sections 
unless it is for the purpose of facilitating sludging. 


21452. Should they be used in series or in parallel ? 
—In my opinion it is better to use tanks in series than 
in parallel. 


21453. Is a scum necessary or desirable P—I do not 
think a scum is absolutely necessary. 


21454. Should the septic tank be closed in, and, if 
so, what advantages does a closed tank possess over 
an open one ?—In my opinion no material benefit is to 
be derived by having the tank closed. 


21465. What do you consider the best arrangement 
for the “ feed ” and “ draw-off” ?—I consider some form 
of submerged inlet and outlet desirable in order to pre- 
vent a mere surface flow. 


21456. Do you think it desirable that the suspended 
solids in sewage should be removed as far as practicable 
before sewage is filtered? If so, what do you consider 
a practicable limit to get down to?—As much as pos- 
sible of the suspended matter should be removed from 
sewage before it is applied to filters. 


21457. In what way do you consider that the removal 
of the suspended solids can best be effected ?—In order 
to get the sewage as free as possible from suspended 
matter it is essential that plenty of tank accommoda- 
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tion be provided ; also that the flow should be steady. 
The tanks should be kept clean, 7.e., they should be 
emptied of sludge at frequent intervals. 


21458. Have you any experience of any mechanical 
device or any special tanks for freeing tank liquor of 
suspended matter before delivering it to filters ?—No. 


21459. What other (if any) method of dealing with 
tank liquor before delivering it to filters do you regard 
as necessary or desirable ?—If the conditions mentioned 
in reply to Question 21457 are fulfilled, a very good 
tank effluent would result, and it would not be neces- 
sary to treat it further before applying it to filters. 


21460. As regards contact beds, is it advisable to 
construct the whole or any part of the interior of build. 
ing material, or may you in some cases dispense with 
it entirely 7—When the land is of a clay or stiff nature 
the only building material required in making contact 
beds is that used in the construction of the valve 
chamber. For making capacity measurements it is, of 
course, necessary that the filter material should be 
contained in a watertight enclosure; in such cases 
building material is necessary. 

21461. Do you find that within certain limits the 
depth of contact beds may vary without affecting their 
efficiency? If so, what limits do you think are per- 
missible ?—My experience has been with beds 3 ft. to 
4 ft. deep. These give good results. I do not see why 
the efficiency should vary materially with beds of 
greater depth. The actual depth would be decided by 
the conditions and circumstances of the case. 


21462. What do you consider is the most convenient 
size for a contact bed?—I consider that contact beds 
should be of such a size that they can be filled in one 
hour or less. 


21463. What do you find to be the best filtering mate- 
rials? What is the material (which can be had in 
practicable quantity) that, while efficient, is, in your 
experience, the least disintegrable in a contact bed ?— 
My experience has been with beds filled with coal. 
This has done good work, and after nearly three years’ 
working shows little signs of disintegration. Clean, 
well-burnt clinker is, in my opinion, as good as any- 
thing that can be used for filters. J am at present 
filling a bed with furnace coke, which I believe will 
prove a useful material. In certain districts “sag- 
gers” and other pottery waste would be available, and 
would do well in filters. 


21464. What size should the filtering material be, 
and should it be graded in the beds ?—Assuming tank 
effluent is to be dealt with, the body of a first contact 
bed might be filled with material passing through a 
14 in. screen and retained on a 1 in. screen. For 
second contact, material from 8 in. to 4 in. could be 
used. I think it is advisable to have a layer of fine 
material (but free from dust) on the top, so that as 
much as possible of any suspended matter may be 
kept out of the body of the bed, and so that it can be 
removed at intervals, if necessary; also that it may 
be exposed to the action of the atmosphere and the 
larger forms of low life. 


21465. How should the bottom of the bed be con- 
structed ?—The floor of a contact bed should be fairly 
smooth or even, and should have a fall from every 
part to the outlet valve. Perforated pipes or drain- 
ing tiles should be arranged at intervals over the floor, 
and the whole covered with a layer of rough material 
to carry the smaller material used in the body of the 
bed. 

21466. Do you think it generally desirable that sew- 
age should be subjected to some form of tank treat- 
ment before it is put on contact beds?—It is very 
necessary that sewage should go through some form of 
tank treatment before it is put on contact beds. Other- 
wise they will choke up rapidly, 

21467. What periods of filling, standing full, empty- 
ing, and standing empty do you consider best 
in practical working for primary beds and for 
secondary beds?—I consider three fillings per day 
(worked in cycles of eight hours) is enough work to put 
on contact beds, and that there should be one hour 
for filling, two hours standing full, one hour empty- 
ing, and four hours’ rest. No material benefit appears 
to be produced by a much longer contact than two 
hours. f 

21468. How should contact beds be filled and 
emptied ?—I have not observed any difference in the 
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results obtained from filters filled by means of half 
pipes laid on the surface of the material and others 
where the water has been run direct on to the material. 
If circumstances permitted, I would like to see the 
effect produced by filling a contact bed by means ofa . 
spray or sprinkler, with the idea of getting the water 
well aerated before it gets into the bed. In emptying, I 
think it best to start steadily till about a foot or so 
has run off, when the valve should be opened to the 
full extent and kept open till the filter is filled again. 


21469. Have you had any experience of automatic 
gear for filling and emptying contact beds?—I have 
no personal experience of automatic gear for filling 
and emptying filters. 


21470. Is one contact sufficient for the conversion 
of certain tank liquors into a satisfactcry effluent? 
If so, please state in precise terms (v.e., by analytical 
figures) of what tank liquors you are speaking and 
what effluent you are regarding as satisfactory ?— 
Single contact cannot be relied upon to regularly pro- 
duce satisfactory results. In 1903 the average oxygen 
absorbed by the tank effluent was 2°34, whilst the fil- 
trates from single contact absorbed ‘96 parts of oxygen, 
the purification effected being 59 per cent. In 1904 
the tank effluent absorbed 5°65 parts of oxygen and 
the filtrates 1°49, the purification being 5918 per 
cent. 


21471. Is the loss of capacity in contact beds in 
direct proportion to the volume treated and the amount 
of suspended solids contained in the liquid which is 
put into the bed, or to the fineness or coarseness of the 
material of the bed, or on what does it depend ?—¥! 
should say the loss of capacity is in proportion to the 
volume of the liquid treated and the amount of sus- 
pended matter it contains. The quality of the sus- 
pended matter must also have some influence, for if 
it consists of inorganic or sandy matter it will remain 
permanently in the bed, and tend to choke it unless 
it passes out in the effluent. There is less danger of 
choking permanently from the organic portion of the 
suspended matter when left in the bed. In this case 
there is the possibility of the organic matter being 
broken up and consumed, to some extent at least, by 
biological and other means, thus causing a diminution 
in its bulk, and consequently lessening its power to 
diminish the water capacity. Then the grade of the 
material must have much to do with the loss of capa- 
city. It is obvious that a filter made of fine material 
will remove more suspended matter from a given liquid 
than one made of coarser material, and the more sus- 
pended matter left in the bed the greater the loss in 
its water capacity. 


21472. Can the material of a clogged bed be washed, 
and, if so, how can this best be done, and at what cost 
per cubic yard ?—I have had no experience of washing 
one material from a filter, but I should say it is pos- 
sible. i 


21473. How can the capacity of contact beds be best 
maintained ?—The water capacity: of - filters is best 
maintained by (a) feeding them with a liquid as free 
as possible from suspended matter; (b) not overwork- 
ing them; (c) thorough draining off; (d) giving them 
a complete rest as often as possible; (e) when the sur- 
face of the bed requires loosening or forking over, it 
should be done carefully, as it must tend to disinte- 
grate the material to some extent. 

21474. What is the average analyses of your single 
contact and double contact effluents ?—We have only 
singie contact. The average filtrates for 1903 and 
1904 were as follows :— 


No. of Oxygen NaCl. 
samples. , absorbed. 
1903 - 175 - "96 - 13-09 
1904 - 153 - 1:49 - 14-6 


21475. What is the number of gallons of liquid 
treated daily per cubic yard of filtering material in 
your beds?—Last year the average daily amount of 
liquid treated per cubic yard of material would be about 
82°6 gallons by our single contact beds. 


21476. Do you find any chemical poisons in the final 
effluent ?—Sulphocyanides are usually present. 


21477. What is the average amount of suspended 
matter in the effluent? Does most of this suspended 
matter come out with the first flush or not?—The 
amount of suspended matter in the filtrates has not 
been determined. The first flush usually contains 
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most of the suspended matter, but the drainings con- 
tainsome, ‘The bulk of the discharge is very free from 
suspended matter. 


21478. To what extent do you find that the organic 
matter of the suspended solids issuing in the effluent 
from a contact bed is different from the organic matter 
of the suspended solids going on to that bed ?—No obser- 
vations have been made on this point. The suspended 
matter from our filter appears to contain some gritty 
matter, but the bulk of it consists of a dark-coloured 
growth, which I believe collects in the drain pipes in 


the beds. 


91479. Is the first flush of effluent from the beds ever 
putrescible?—This has not been determined. 


21480. Do you find that by increasing the number of 
fillings in storm times or other times the amount of 
suspended solids is increased ?—No material visible in- 
crease has been noticed. : 


21481. May contact beds in times of storm be used 
as streaming filters without detriment to their cus- 
tomary efficiency /—I have no experience of using con- 
tact beds as streaming filters in storm times. 


21482. Have you made any experiments which throw 
light upon the action of contact beds when full and 
when resting ?7—No. 


21483. Have you made a study of the conditions of 
aeration of contact beds ?—No. 


21484. Do you find any nuisance from the treatment 
of sewage on contact beds? Have iay complaints been 
made?—There has been no nuisance arising from the 
Ce of our contact beds. No complaints have been 
made. 


21485. Have you had any experience of continuous 
or percolating filters?—I have two filters, each 50ft. 
diameter and 4ft. 6in. deep, fed by revolving sprinklers, 
but as they have only been working a few weeks my 
experience is too short to enable any decided opinions 
to be expressed on the working, etc., of this type of 
filter. The filtering material is coal. Open septic 
tanks precede the filters. I will give the results ob- 
tained up to the present from these filters. The 
filtrates were examined after the suspended matter had 
been removed. Samples were then bright and clear, 
Hee had a fresh, earthy odour. The analyses are as 
ollows :— 




















Tank Effluents. Filtrates. 

Oxygen absorbed. Oxygen absorbed. Nitric N; ees oi 
5:4 2°45 -— 54°6 per cent. 

6°25 8 028 87°2 a 

9°11 1°66 — 81°7 . 

70 1-06 -- 84°8 “A 

7°48 1-46 — 80°4 F 

5-1 1-24 233. 75°7 ” 

3°58 83 908 76°8 es 

6°65 1°34 —_— 79°8 3 

— 1:13 25 
Average = 6°32 1°33 — 77°6 fe 


21486. Do you find that the chance of nuisance is any 
greater with one form of filter than with another? 
Does the risk of nuisance depend on the kind of sewage 
which is being treated or on the nature of the pre- 
lmminary treatment to which the sewage has been sub- 
jected ?—I should say filters fed by means of jets, 
sprays, or sprinklers are more likely to cause a 
nuisance than contact beds fed in the ordinary manner. 
The risk of nuisance depends to a very large extent on 
the preliminary treatment the sewage has been sub- 
jected to. For instance, strorigly septic tank effluents 
when sprayed or sprinkled will most likely give rise 
to some amount of nuisance. Our contact beds are fed 
with open septic or sedimentation tank effluent. I 
have found no nuisance from them. 


_ 21487. Could you express an opinion as to how the 
number of gallons would vary with variations in the 
strength of your tank liquor, and on what figure or 
figures you would rely for defining the “strength” of 
your tank liquor ?—Taking the oxygen absorbed as the 
standard of strength, I have found that our beds will 
bring about a purification usually of from 50 to 60 per 
cent. in the tank effluent run on. 


21488. Have you had any experience of storm water 
filters ?—No. 


21489. Can you express any opinion as to whether 
storm water filters would lose any of their efficiency 
by being used intermittently at long intervals ?— 
Judged from the experience of getting contact beds 
into condition at first, I should say that storm filters 
cannot be regarded as anything but strainers if used 
at long intervals, and if the dilution required by the 
Local Government’Board is insisted upon, very little 
more than straining should be required. 





21490. Have you any practical suggestions to make 
for disposing of sludges?—As regards sewage screen- 
ings, seeing that the greater portion of the material 
removed from the screens at sewage works consists 
of organic matter, the most effective method of dis- 
posal is by burning in some kind of destructor, or the 
stuff may be tipped and covered with earth so as to 
prevent nuisance. The material from detritus tanks 
consisting of sand and gritty matter does very well 
for lightening heavy land, otherwise it can be tipped, 
when by exposure it rapidly gets purified, losing its 
offensive black colour and becoming like ordinary road 
grit. Sludge from precipitation, septic, and settle- 
ment tanks is best pressed in order to keep the bulk 
within reasonable limits. As much as possible of all 
forms of sludge should be disposed of to farmers. In 
some cases it might be admissible to drain the sludge 
in lagoons instead of pressing. 


21491. Do you find that some methods of disposing 
of sludge are more likely to cause nuisance than others? 
—Press cake and sludge containing lime, when tipped 
in a heap, is very liable to heat, and becomes a 
nuisance owing to the peculiar sickly odour it gives 
off. Lagoons are usually strongly condemned, but up 
to the present all our sludge has been disposed of by 
this method without nuisance. 


21492. What, in your opinion, constitutes a good 
effluent ?—A good effluent is one in my opinion which 
is not offensive in appearance or smell, and is not 
lable to become, when discharged into a stream, 
changed in appearance or smell. Nitrates should be 
present, and it should not yield more than from °1 to 
"15 parts Alb. NH, per 100,000, nor absorb more than 
1 to 1:5 parts oxygen in the four hours’ test. It should 
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not become putrescent or offensive on keeping, and it 
should be free from suspended matter. 


21493. Do you consider the type of effluent from 
a contact bed is superior or inferior to the type of 
effluent from a percolating filter ?—I cannot express 
a definite opinion on this point, as I have only been 
using continuous filters for a short time. Percolating 
filters appear to produce better nitrification than single 
contact beds. 


21494. What test or tests do you chiefly rely upon in 
judging of the quality of an effluent, and for what 
reasons?—As a routine test I always use the four 
hours’ oxygen absorption test at laboratory tempera- 
ture, because of its easy application, and as I find that 
if our outfall samples come out satisfactorily to this 
test they never deteriorate or become putrescent on 


keeping. Nitrate and alb. ammonia determinations are 


also made from time to time. 


21495. Have you tried the “aeration” test, 1.¢., the 
rate at which dissolved oxygen is taken up by an 


effluent ?—I have not as yet used the “aeration test.” | 


21496. Is one standard for all effluents passing into 
non-potable streams possible and desirable ?—I do not 
think it practicable or desirable that one standard 
should be fixed for all effluents passing into non- 
potable streams. 


21497. How should a plurality or series of standards 
be formulated? What amount of suspended matter 
would you allow in an effluent, and what are your 
reasons ?—As one general standard is not considered 
desirable, I should say a combined standard of, say, 
15 parts alb. NH,, or 1:5 parts oxygen absorbed four 
hours in addition to the presence of nitrates might be 
found equitable. It is a difficult matter to keep 
effluents entirely free from suspended matter, but I 
should say 2 or 3 parts per 100,000, might be allowed. 


21498. What is your experience of the effect of 
storm water upon filters of various sorts ?—I have not 
noticed any special effect produced by storm water on 
our contact beds beyond the danger there is of carrying 
more suspended matter out of the tanks on to the beds 
owing to the increased rate of flow. 


21499. How far do you consider it advisable for a 
sewage installation to be worked automatically ?—No 
sewage installation of any dimensions should be worked 
automatically. Private residences and small villages 
might be so worked if seen every day, but installations 
for 500 population and upwards should receive con- 
stant attention. The greater the attention the better 
the effluent, and the less lability to nuisance. 


21500. Have you made any systematic observations 
as to the effects of discharging effluents of known 
volume and known composition into ditches, canals, 
brooks, or rivers of approximately known volume? 
The main points I refer to are nuisances from smell, 
deoxygenation of the water, encouragement of vege- 
table growths either of the nature of sewage fungus or 
of green weeds, and damage to fish ?—After examining 
a large number of samples from our single contact beds 
it was found that they could not be relied upon to pro- 
duce a filtrate requiring not more than one part of 
oxygen in the four hours’ test, but the further observa- 
tion was made that, on these samples being re-examinel 
after keeping a few days, a very marked improvement 
was almost always found to have taken place. This 
may, in my opinion, be due chiefly to two probable 
causes—firstly, a continuation of the biological action 
commenced in the filter and continued by the organisms 
carried out of the bed and present in the filtrate; or, 
secondly, the improvement may be due to the method 
we use for emptying the filter, viz., by means of a com- 
pressed air lift. A very large volume of air is 
thoroughly incorporated with the water, and possibly 
a sufficient amount of oxygen may pass into solution 
to bring about wholly or in part the diminution in the 
amount of oxygen required in the absorption test 
applied after the samples have stood some time. This 
is a point I hope to go inte as soon as circumstances 
allow. We have several depressions on our land which 
always stood full of water even before the works com- 
menced. With the object of utilizing the above 
observation I decided to make use of these ponds for 
the further purification of a pértion of our single con- 
tact water. They were connected together by means 
of ditches; in places the water was made to spread 
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out and flow in a thin sheet, so as to get as much ex- © 
posure as possible. Altogether, we shall have an area _ 
of six to eight acres of water regularly exposed in 

these ponds. A public footpath runs through the 
largest one, connecting pipes having had to be laid. 
The water from this pond goes direct to the outfall. . 
I never intended using the ponds as much as they have 
been, but as a considerable improvement was effected 
their use was continued. Largely owing to this arrange-' 
ment, we were enabled to do without a night shift of 
men for quite twelve months. On an average about 

150,000 gallons per day would be passed through the 
ponds, the outlet being always open and continuous, 
Owing to the publicity of the site great care had to 
be used in the working. I found the weather had a 
great influence over the water in its appearance. With 

regard to the question of nuisance, unless the thing is » 
very carefully watched and worked there is undoubtedly 

a danger of a nuisance arising. At times there has 

been a distinct vegetable or sea-weedy odour, but it 

has never amounted to a nuisance. No determinations 

of dissolved oxygen have been made, but the use of this 

test is about to be adopted. When the ponds have 

been worked too hard or fed with bad water I have — 
often noticed sewage fungus begin to grow. This dis- 
appears with resting. Normally a large amount of a 
green weed grows, and sometimes the whole surface of 
the water will be covered in places with it. There are 
no fish in the ponds. I find that this method of treat- 
ment brings about a reduction of at least 50 per cent. 
in the oxygen absorption figure. Very little nitrifica- 
tion appears to take place. I do not advocate the use 
of ponds, but as additional filters were not obtainable 
the natural features of the site were used in what ap 

peared likely to prove a useful manner. 

21501. What are your views with regard to the quan- 
titative determination of the “strength” of a sewage, 
tank liquor, etc.?—I think the results of the four 
hours’ oxygen absorption and the alb. ammonia de- 
terminations are the two most useful items to have in 
order to form an idea as to the strength of sewages, 
etc. 


21502. Are there any other points on which you 
would wish to speak at this stage?—I should lke to 
make some observations on the effect of keeping sam- 
ples of effluents. It is a matter of common knowledge 
that many samples of effluents develop a green growth 
on keeping. This is taken as a rough indication that 
the sample is of good quality. In order that this green 
growth may develop it is essential that the sample be 
exposed to the light. I have taken fresh samples of 
effluents, and, after dividing, put one in a dark cup- 
board and allowed the other to be freely exposed to 
the light. In no case has the dark sample (in one in- 
stance samples were kept 225 days) developed the 
growth, but in the other it has nearly always shown 
itself. It has also been noticed that this growth may 
develop rapidly. In one case I found it to be very 
distinct in five hours after the sample had been put 
into the bottle. If the bottle stands near a window I 
have found that the growth develops first and attaches 
itself to the side of the bottle next the window. This © 
development goes on till the whole contents of the 
bottle become quite muddy with the green suspended 
matter. Usually a “sea-weedy ” odour is developed at 
the same time. In addition to the above I have ob- 
served for a long time that this green growth when 
pretty strongly developed is always accompanied by 
the production of an alkaline reaction in the sample. 
From inquiries made, I believe this “is the first occa- 
sion on which this observation has been noted. I have 
never found a sample to develop this alkalinity in the © 
absence of the green growth, consequently samples 
kept in the dark do not turn alkaline. The alkalinity 
is most readily shown by adding a few drops of phenol- 
phthalein to the “green sample,” when if the alkali 
is present the liquid turns red or pink, according to 
the amount present. I have not yet proved what this 
is due to, but that it consists of a volatile alkali (am- 
monia?) at least to some extent the following exper?- 
ments will show:—Three samples were taken from a 
large number, all more or less green, and 100 c.c. of 
each were titrated with deci H,SO, to Phenolphthalein 
(P.T.); then methyl orange was added, and the titra- 
tion continued till just acid. A further 100 c.c. of each 
sample was then evaporated to dryness. The residue 
was taken up with fresh distilled water of proved 
neutrality, and titrated as before. 
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100 c.es. taken. 1 2. 3 
Age of Sample in days - ~ Uy Ae Guten - 55 49 17 
deci. , 
C.¢.s. H, SO required toP.T. - : 1:2 1°4 8 
Then do. more required to M.O. - 12 1:2 2°8 
C.c. ae. required by total alkali - 2-4 256 3 3°6 
100 c.es. after evaporation. 1 | 2. 3 
i ee required to P.T. — - } dro Nil 1 dro 
H, SO, P P 
Then do. more required toM.O. - 1:2 1:2 1-2 
i deci : : cet F | a ae 
C.c. — required by the “non-volatile” alkali 1:2 1:2 12 
H,SO, 


It seems rather remarkable that the non-volatile 
alkali should show the same amount in samples taken 
so widely apart. As to what the precise action is, or 
how this alkalinity is brought about, I am unable at 
present to explain. I should also like to make some 
observations on the disappearance of sulphocyanides 
in sewage on keeping. Having at one time to deal 








with a sewage which was liable to be irregularly 
charged with waste gas liquors, a large number of 
samples were examined. On one occasion sulpho- 
cyanides equal to 110 parts NH,SCN per 100,000 were 
found to be present in the sewage on its arrival at the 
works. Some of these samples were kept under notice 
for long periods, and the following observations made: 
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Sulphocyanides when present in sewage will disappear 
on keeping, providing a sufficient length of time is 
allowed. A green growth usually develops, and also 
an alkaling reaction, but this is not an essential factor 
in the change that takes place. In my opinion, the 
most probable explanation of this action is that the 
change is brought about by biological agency. There 
appears to be no regularity or fixed rate at which this 
disappearance takes place. This may probably be due 
to the difference in the biological contents of the 
various samples. In order to deal efficiently with sew- 
age mixed with this class of refuse, it is most i1mpor- 
tant that it should be admitted to the sewer in a steady 
stream, and never in large volumes at one time. It 
is known that contact beds in good condition are capa- 
ble of breaking up these compounds to a considerable 
extent. Experiments are about to be commenced to 
ascertain the effect produced by treating a liquid con- 
taining sulphocyanides on a percolating filter. 


21503. On Question 21423 I am not quite sure from 
your answer whether or not you think it advisable as a 
general rule that storm sewage should pass through 
the ordinary plant ?—It has to do so at our place; we 
have to pass it through at our works. 

21504. But do you think it is objectionable /—It is 
sometimes, as I state in my reply here. 

21505. Now, with regard to Question 21431. Can you 
tell me how many parts of suspended solids per hun- 
dred thousand you get in your tank effluent ?—I can- 
not ; I have never estimated it. 


21506. (Colonel Harding.) In question 21422 you 
speak about the character of the storm waters, and 
you say that the impurities are largely due to sus- 
pended matter ?—Yes. 


21507. And you give an interesting table, from which 
it appears that the withdrawal of suspended matter 
from storm waters gives by itself a purification, of from 
75 to 87 per cent. ?—Yes. 


21508. Later on, in your answer to Question 21423 
you express the opinion! that sedimentation of storm 
water alone without some sort of subsequent filtration 
could not be relied upon to produce a satisfactory 
effluent ?—Yes. 


21509. But a purification of 87 per cent., leaving 
a liquid which itself is very dilute, does not seem to 
require very much additional treatment beyond the 
sedimentation ?—No, it does not. 


21510. But you think it would be better for some 
additional treatment ?—You see, when these particular 
samples were taken the storm might have been on for 
some considerable period. 


21511. Arguing simply on the facts you have put 
before us, it appears that the albuminoid ammonia 
after sedimentation of these storm waters is represented 
by only 1:3 per hundred thousand ?—Yes. It should 
not require very much more besides sedimentation, but 
I do not think sedimentation alone is really satisfactory. 
I do not think it can be relied upon to produce a 
regularly satisfactory result. 





* No diminution took place after keeping for 89 days and there was no green growth formed. 


was divided (a) and (6). 


6225—Ap. I. 


At this point sample 


Some ‘“‘green growth” from another sample was put into (6) and allowed to st < 
72 days longer I found that (a contained only a mere trace of sulphocyani oe apple halal as on 
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21512. It would give very gcod results, though not 
in your opinion thoroughly satisfactory ?—Yes. 

21513. What. additional process would you suggest 
besides sedimentation ?—I have never worked any storm 
filter, but I should think single contact. 


21514. You have no experience ?—We have no storm 
filters ; no. 


21515. I rather gathered that from your first answer 
to the Chairman when you said you have not any per- 
colating filters at all?—That is so. 


21516. But do you not at Question 21485 make some 
reference to percolating-filters ?—I can explain that. 


21517. You say: “I have two filters, each 50 ft. 
diameter and 5 ft. deep”? ?—We have two works. We 
have one at a little village about four miles from our 
main works. We started it only ‘wo or three months 
ago. I was referring to our main works. 


21518. Then you have some personal experience of 
percolating filters ?—Very slight. 

21519. These two filters have been working for so 
short a time that you feel that you ought not to say 
much about it?—-I would not like to say much on that 
point. 


21520. The analyses which you have given us were 
after the withdrawal of suspended matter from the fil- 
trates ?—That is so. 

21521. Can you tell us how much suspended matter 
goes on to the filters?—I cannot, 


21522. We gather that you have not long been ap- 
pointed to these works, and have not as yet had time 
to get into full routine, but appreciate the im- 


portance of noting the amount of suspended matter? 
—Yes. 


21523. In Question 21502 you touch upon an interest- 
ing point, and that is that the development of green 
growths in the samples kept in bottles is dependent 
upon the presence of light /—Yes. 

21524. Probably your experience of percolating 
filters has scarcely been long enough to enable you to 
tell us whether you have any trouble with fungoid 
growths on the surface of your percolating beds ?—I 
do not think we have had any fungoid growths, but we 


have had the thing clogged up with suspended matter. 


21525. Are you sure that it was suspended matter 
only ?—Largely. 

21526. You have not been able to judge whether it 
was not to some extent fungoid growth?—I have not 
examined it closely for that. I was satisfied that it 
was really the sludge. 


21527. It might be worth your while to look into 
that, and to see whether the development of that 
growth was dependent upcn thy sstion of light. It 
would be an interesting experiizent for you as you 
appear to be interested on this particular point, to 
cover a part of the percolating bed—to put a little 
roof over it or something of that kind to keep the light 
away—and see whether the development of the fungoid 
growth, like the green growth to which you call atten- 
ae is really dependent upon the presence of light ?— 

es. 


21527*. (Dr. Stafford.) In Question 21474 the differ- 
ence between your analyses for 1903 and 1904 of the 
oxygen absorbed test seems very large; what is the ex- 
planation ?—The only explanation I can give is that we 
had more sewage connected up—more connections had 
been picked up during the intervening period. 

21528. That makes the difference, you think, in the 
particular samples ?—I should think so. 

21529. The difference is very large?—Those are the 
averages for the whole year. 


21530. But you are comparing 1903 and 1904?—Yes. 


21531. And the difference is between -96 and 1-49. 


—a very great difference?—That is the only thing I 
can put it down to—that we had a stronger sewage to 
deal with. 


21532. (Major-General Carey.) Your dry weather 
flow, based on the water supplied, amounts to 1,232,250 
gallons per diem, does it not ?—I believe it is some- 
where about that. 


21533. In October, 1904, your flow was a little over 
980,000 gallons, or only 18 gallons a head. Ts there 
any revson for that reduction ?—The reason is that we 
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were not getting it all down to the works; a part of 
it was going to the river direct. 


21534. I do not quite understand?—Some of the 
crude sewage that we ought to have got at the works © 
was not coming to the works. 

21535. Is the capacity of your precipitation tanks 
and contact bed based upon the larger volume ?—No, 
it is on a million galions per day ; it is an approxi- 
mation to a million gallons per day. 

21536. Your tank capacity ?—The tank capacity is 
900,000. There are six tanks with a capacity of 150,000 
gallons each. 


21537. Are you able to pass three times the dry 
weather flow ?—As a matter of fact we pass pretty well 
everything that comes down to the works in storm times 
through the tanks. 


21538. I mean, are you able to pass three times the 
dry weather flow through the tanks and then on to 
the contact beds without injury to the bed ?—We do 
it, but I do not think it is an advisable thing, because 
you are bound to have much more suspended matter 
washed out of your tanks on, to the beds. ; 


21539. How do you treat the remainder?—lIf it is a 
very big storm we run it direct on to the land. 

21540. How much land have you?—I think, roughly, 
there are about 10 acres that we can get iton. «© 


21541. But how much Jand have you altogether? 
—We have 90 acres im the plot altogether, but we can- 
not use all that for filtration purposes owing to the 
formation of the place. There is very little under- 
draining, and it is very- heavy clay soil. 

21542. Throughout ?—Yes ; it can hardly be reckoned 
to do it any good except by exposure. a 

21543. Do I understand that all over three times 
the dry weather flow is put on to this land ?—No. 


21544. Do you put it on the storm beds?—No, we 
have no storm beds. 


21545. How do you treat it?—We send everything 
through the tank unless it is a very heavy storm, when 
we pass some on to the land direct. We do not 
measure it in any way. 


21546. Do you not measure how much you pass on 
to the contact beds and how much on to the land ?—No. 


21547. As I understand, the effluent from your con- 
tact bed has not been satisfactory?—It is very good 
for a single contact effluent. 


21548. But it would not pass the Mersey and Irwell 
standard, for intance?—Not regularly. 


21549. Are your replies to Questions 21450 to 21455 
based upon actual experience in septic tank treatment ? 
—No; that is a general opinion that I hold. 


21550. Have you had any real experience of septic 
tank treatment /—No, I cannot say that I have. 


21551. (Sir William Ramsay.) In your answer to 
Question 21411 you say that sulphocyanides are nearly 
always present in the effluent. Have you estimated 
the amount of sulphocyanides in the effluent ?—Yes, in 
answer to Question 21418. 


21552. You say you have only recently commenced 
to estimate the amount in the sewage, and that you 
have had to do. with sewage containing approximately 
sulphocyanides up to 110 parts per hundred thousand. 
Have you ever estimated it in the effluent?—Not at 
Rotherham. 


21553. Is it your impression that much comes 
through ; is it reduced at all by the filtration process? 
—TI think it is. That is by comparative tests, not 
actual determination. 


21554. Your opinion is that it is reduced by filtra- 
tion ?—Yes. 


21555. [I do not know whether you have been asked 
about the order in which you prefer to use settlement 
tanks. You say that you think tanks used in series 
give the best results, have you any reason for that 
opinion ?—I have not worked the quiescent system. 
That is a general opinion I hold. 


21556. When you speak of the smell from the tanks 
as being nothing serious, are there any houses near ?— 
There are only the workmen’s cottages. 

21557. And they are not likely to complain?—Of 
course not. I would like to add that we have remark- 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 


ably little smell—nothing you could really complain 
of. We have two public footpaths across the works. 


21558. But the people who cross those paths do not 
complain ?—Not that I know of. 


21559. In answer to Question 21467 you say that no 
material benefit appears to be produced by a much 
longer contact than two hours on the contact beds. 
Is that the result of your experience? Have you ex- 
perimental data to support that ?—I have no regular 
series of analyses, but we have tried it ; sometimes the 
beds have been held up for two, three, or four hours. 
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21560. But you do not think there is any material Mr. James 
benefit in a longer contract ?—I have not noticed any. H. Kershaw, 


F.C.S. 





21561. Then, in answer to Quest-on 21500 you speak 1 May 1905. 


of ponds which were connected all together by means 
of ditches. Are they deep ponds or shallow ?—They 
are rather shallow. 


21562. About what depth?—I do not think they are 
more than throe or four feet at the deepest parts. They 
are just natural hollows in the land. 








6225—Ap. I. 
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ROTHERHAM. 


Appendix to Evidence of Mr. JAMus H. KErRsuHaw. - 


Tables showing average analyses of sewage, tank liquor, filter effluents, and land 


effluents, January, 1903—December, 1904. 


PROCESS OF TREATMENT: 


Sedimentation Tanks, Single Contact Beds, and Land. 
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ROYAL COMMISSION ON SEWAGE DISPOSAL. 


~ ROTHERHAM. 
SEWAGE.— 
Average daily flow : : Rainfall - 
Maximum daily flow - - Rainfall - 
Minimum daily flow - - Rainfall - 


Average Analysis of Sewage. 


January, 1903. 
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a Best. Worst Average. 
Ammoniacal Nitrogen- -~ - - : 2 ; - — — — 
Albuminoid Nitrogen - ee : : : z = a — — 
Oxygen absorbed from KMnQO, in 4 hours, pts. per 100,000 191 8'3 4'8 
Chlorides as Sodic Chloride - - - - - - — = 14°8 
Suspended Solids ress we) oe al as ee 
Number of samples analysed for the average = 22. 
Tank Liquor.— 
Amount of Chemicals used during the month - - - - . - nil. 
Amount of Sludge removed during the month - - . - nil. 
Average daily flow through the Tanks - - - - gies : -— 
Average number of Tanks in use - - - - - : - - 6 
Average Analysis of Tank Liquor. 
—— Best. Worst Average. 
Ammoniacal Nitrogen - - . - - - - — — =, 
Albuminoid Nitrogen . - - - - - - — = = 
Oxygen absorbed from KMnOyg in 4 hours - - - - 47 5°85 1°87 
Chlorides as Sodic Chloride - - - - - =e a 11°53 
Suspended Solids - - - - . - +s — — a 
Number of samples analysed for the average = 20. 
FILTERS.- - 
Number of Filter fillings during month - - = - 50 
Amount of Tank Liquor treated per cube yard per 24 hours - - - —- 
Average Analysis of Pilter Effluent. 
—_-— Best. Worst Average. 
Ammoniacal Nitrogen - - : : - - - _— — os 
Albuminoid Nitrogen - -. - '- - - i+ - — — = 
Ske Ste) a a ee = = 
Oxygen absorbed from KMnO, in 4 hours - - - - 2 1-31 51 
Chlorides as NaCl owe - - - - - _ = "11°53 
Suspended Solids - - - - - - - a == — 
Number of samples analysed for the average = 19. 
Lanp.— 
Average Analysis of Final Effluent. 
——— Best. | Worst. Average. 
Ammoniacal Nitrogen - - - - - - - = = | oom — 
Albuminoid Nitrogen - . - - - - - = = = 
Nitric Nitrogen - - - - - - - : = — 
Oxygen absorbed from KMnQO, in 4 hours - - 06 ‘99 "44 
. 
Chlorides as NaCl : - - : - - - - | = l 28'1 
Suspended Solids a ae - = " . ie = — 





May 12th, 1903. 


Number of samples isiessas for the average = 3h. 
Purification from Sewage to Outfall = 90°8 per cent. 


Jas. H. Kershaw, F.C.S., Chemist and Manager. 
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SEWAGE.— 
Average daily flow 


Maximum daily flow 


Minimum daily flow 


APPENDIX : 


RorHERHAM—continued. 


= Rainfall = - 
Rainfall - 
Rainfall = - 


Average Analysis of Sewage. 











February, 1903. 
























































ae Best. | Worst Average. 
Ammoniacal Nitrogen - . - - - - - = == aed 
Albuminoid Nitrogen - - - : - - = i a = 
Oxygen absorbed from KMnO, in 4 hours, parts per 100,000 1°27 794 6°43 
Chiordesias NaCl) - =- =, }- 9] = tee ae ae 8°9 
Suspended Solids . - - - : : 2 = = we! 
Number of samples analysed for the average = 10. a 
Tank Liquor.— 
Amount of Chemicals used during the month - - - - - - nil. 
Amount of Sludge removed during the month - . - . - - nil 
Average daily flow through the Tanks - : : < : s pa ote 
Average number of Tanks in use - - - ‘ : 2 A -" 6. 
Average Analysis of Tank Liquor. 
ee Best. | Worst. | Average. 
Ammoniacal Nitrogen = = Z 5 3 : = a ae =i 
Albuminoid Nitrogen - - - - : - a ae att 
Oxygen absorbed from KMnO, in 4 hours - - - - "48 72 2°47 
Chlorides as NaCl - otis ie - . - - — — 7°82 
Suspended Solids - - - - “ e E - e = pee 
Number of samples analysed for the average = 13. 
FILTERS.— 
Number of times Filters were filled during month - 2 - 65 
Amount of Tank Liquor treated per cube yard per 24 hours - - - — 
Average Analysis of Filter Effluent. 
Sid Sm | Best Worst | Average. 
Ammoniacal Nitrogen - : : : : > — ae 
Albuminoid Nitrogen - - : : . 2 es , ss 
Nitric Nitrogen - - - . - - : - ae ik — 
Oxygen absorbed from KMnOgin4hours- - -_—- 3 116 69 
Chlorides as NaCl ; - : - “ 3 : Bas a 8°65 
Suspended Solids - . - - - - — _ eae 
Number of samples analysed for the average = 10. 
LAND.-— 
Average Analysis of Final Effluent. 
eestor Best. | | Worst | Average. 
Ammoniacal Nitrogen - - - : . - ae — x. 
Albuminoid Nitrogen - - - - . 3 See te ite 
Nitric Nitrogen - . - - - - - - — td = 
Oxygen absorbed from KMnQ, in 4 hours - - - - 18 1°32 ‘66 
Chlorides as NaCl - - : - - - . : = —s 14°0 
Suspended Solids - Pane : - 3 ‘ = _— = 











May 12th, 1903. 


Number of samples analysed for the average = 36. 


Purification from Sewage to Outfall = 89°7 per cent. 


Jas. H. Kershaw, F.C.S., Manager. 


SEWAGE.— 
Average daily flow 
Maximum daily flow 
Minimum daily flow 


ROYAL COMMISSION ON SEWAGE DISPOSAL, 


RoTrHERHAM— continued. 


Month’s Rainfall 
Rainfall - 
Rainfall = 


Average Analysis of Sewage. 





Ammoniacal Nitrogen = 


Albuminoid Nitrogen - 


Oxygen absorbed from KMnO, in 4 hours, pts. per 100,000 


Chlorides as NaCl s 2 
Suspended Solids - 2 


Tank Liquor.— 














Best. | 





Number of samples analysed for the average = 15. 


Amount of Chemicals used during the month - 
Amount of Sludge removed during the month - 
Average daily flow through the Tanks - - 
Average number of Tanks in use - - - 


Average Analysis of 








Ammoniacal Nitrogen - 


Albuminoid Nitrogen - 


Oxygen absorbed from KMnOygin4hours- - -~— - 


Chlorides as NaCl - - 
Suspended Solids - : 





FILTERS .— 


Number of samples analysed for.the average = 


Number of times Filters were filled during month 
Amount of Tank Liquor treated per cube yard per 24 hours” - - : 


a 


Tank Liquor. 


Best. | 





March, 1903. 
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Average Analysis of Filter Effluent. 








Ammoniacal Nitrogen - 
Albuminoid Nitrogen - 


Nitric Nitrogen - - 


Oxygen absorbed from KMnO, in 4 hours - - - : 


Chlorides as NaCl - : 
Suspended Solids - - 





Best. 











Lanp.— 


Number of samples analysed for the average = 18. 


Average Analysis of Final Effluent. 








Best. | 





Total Solids - : : 
Loss on Ignition - ve 
Ash - 3 i 3 F 


Ammoniacal Nitrogen (single sample) - - : 2 : 


Albuminoid Nitrogen - — - 


Nitric Nitrogen - -— - 


Oxygen absorbed from KMnO, in 4 hours - 


Chlorides as NaCl - - 
Suspended Sclids - - 








May 12th, 1903. 
6225—Ap. I. 











68°4 
17°6 
50°8 

‘97 

‘075 \ "18 
49 
19°77 


Trace. 





Number of samples analysed for the average = 47. 
Purification from Sewage to Outfall = 86°6 per cent. 


18. 




















Worst. Average. 
6°96 4°5 
— 13°2 
- - nil. 
- - nil. 
= 6 
Worst. Average. 
2°45 17 
oe 10°81 
- 47 
Worst. Average. 
1°85 62 
= 10°85 
Worst. Average. 
Wee 6 
aay 16°8 








Jas. H. Kershaw, F.C.8., Manezer. 


gi 
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APPENDIX * 


RoTHERHAM—--continued. 






































SEWAGE.— : Apu, T1903. 
Average daily flow - -_ —— = Rainfall - - - “ ie 
Maximum daily flow - -_ - Rainfall - - a eae ¢ oS . 
Minimum daily flow - - —— - Rainfall - : ett ia es 

Average Analysis of Sewage. 
vA! aa Best. | Worst. | Average. 

Ammoniacal Nitrogen - - - - - - - — = aoe 

Albuminoid Nitrogen - - - ‘- - - = = — = : 

Oxygen absorbed from KMnQ, in 4 hours, parts per 100,000 284 8°52 5°86 

Chloride as NaCl - - - z = - - - aS — 17°15 

Suspended: Solids : aieen2 - - nents - — — = 

Number of samples analysed for the average = 16. Hae 

Tank Liquor.— 

Amount of Chemicals used during the month  - - - 3 arlie afm op TAG 

Amount of Sludge removed during the month - - - - : - nil. 

Average daily flow through the Tanks - - - - - - =) eee 

Average number of Tanks in use - ~ < : s E s - 6 

Average Analysis of Tank Liquor. acest 
ee Best. | Worst Average 
Ammoniacal Nitrogen - - - - - - - - — == oe 
Albuminoid Nitrogen - wy eee — — de 
Oxygen absorbed from KMnO,zin4hours- - -~— - 1°13 5°21 278 
Chloride as NaCl : - - - - - - - — | — 14 
Suspended Solids - - eum HL ay TRL Layee a : Be: 
Number of samples analysed for the average = 17, 

FILTERS.— 

Number of times Filters were filled during month - - - 78 


Amount of Tank Liquor treated per cube me per 24 hovirs - - - 


Average Analyse of Filter Eftiuent. 









































Soesee Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - - i ama hla A = = hinge 
Albuminoid Nitrogen - ae Nea - Sie a eS E oa pL J 
Nitric Nitrogen - - 5 - - a See AP E = she ee 
Oxygen absorbed from KMnOgin4hours- - -— - Al 2°16 1:04 
Chloride as NaCl - - - - - - é z —_ te 13°39. - 
Suspended Solids - - - - - - - as “ae 2 
Number of samples analysed for the average = 27. 
Lanp.— 
Average Analysis of Final Effluent. 
| 
eee Best. Worst. Average. 
Ammoniacal Nitrogen - - - . : - : - = | = — 
Albuminoid Nitrogen - - - - - 2 - = am ee 
Nitric Nitrogen - . - - - : we lie oe, ee 
Oxygen absorbed from KMnQj in 4 hours - ibs a = oI 1°63 “76 
Chloride as NaCl - - - - - - : = ith 19°45 
Suspended Solids = as i - : : 2 Een os, ba 
‘os | 


May 12th, 1903. 








Number of samples analysed for the average = 61. 
Purification from Sewage to Outfall = 87°2 per cent. 


Jas. H. Kershaw, F.C.&., Manager, 


ROYAL COMMISSION ON SEWAGE DISPOSAL, 


RorHERHAM—continued; 


SEWAGE.— 


Average daily flow - .—— - Rainfall - oe 
Maximum daily How - -_ —— - Rainfall - - 
Minimum daily flow - -_ - Rainfall AWS Bs 


Average Analysis of Sewage. 
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May, 1903- 










































































ne" Best. Worst. Average. 
Ammoniaca! Nitrogen “ - . . 2 é te a a4 
Albuminoid Nitrogen E : 2 2 ae 7 ae, 7 _ 
Oxygen absorbed from KMnO,in 4 hours - - -~— - 4] 5'0 45 
mormeeeasNaCl - =. - - --++4 «© - ae a 141 
Suspended Solids SP 2 Sere dk eos pies ce 
Number of samples analysed for the average= 3. 
Tank Liquor.— 
Amount of Chemicals used during the month - - - - < - nil 
Amount of Sludge removed during the month - - ok te - 7 omg); 
Average daily flow through the Tanks 3 - = = ¢ : ss 
Average number of Tanks in use - = : = 2 : 2 oeg 
Average Analysis of Tank Liquor. 
Crear ae Best. Worst. Average. 
Ammoniacal Nitrogen - - : - : : é — — 
Albuminoid Nitrogen E- - : E = i nt : pte — 
Oxygen absorbed from KMnOy, in 4 hours - : = : "85 32 2°02 
us 0 = = 15°51 
Suspended Solids She < a ¢ e: 2 7 oP az) Sa 
Number of samples analysed for the average = 2. 
FILTERS. — 
Number of times Filters were filled during month - - - - - 40 alam 
Amount of Tank Liquor treated per cube yard per 24 hours - z <— 
) Average Analysis of Filter Effluent. 
ae _ Best. Worst. Average. 
Ammoniacal Nitrogen Palas UE inet ecient bie tet ae = 
Albuminoid Nitrogen ee See ae ee pas aa aie 
Nitric Nitrogen - - - mics ; : é : — — = 
Oxygen absorbed from KMnQ, in 4 hours - - - - 5 1°6 8 
Chloridesas NaCl - - - - - - oe, Ate = — — 14:8 
Suspended Solids 2 = = « 2 = - = = — = 
i Number of samples analysed for the average =6. 
Lanp.— 
Average Analysis of Final Efftvent. 
—— Best. Worst. Average 
Total Solids - - - - : 4 - - - 66°83 \ — — 
Loss on Ignition ci ee - - aii ya. 142 | == — 
pe Se a a ec i 52°68 |---| — _ 
Ammoniacal Nitrogen (single sample) - - - — a — 
Albuminoid Nitrogen 5 SES Sa a Seer 110 = = 
Nitric Nitrogen - - . ae - : $6 noe — 
Oxygen absorbed from KMnQy in house pata eS 1:28 | 16 83 
Chlorides as NaCl - - - - - - - - 19°4 | oo 19°27 
| eke 16 / oe = 


Suspended Solids - : F J 7 ‘ 








; Number of samples analysed for the average = 27. 
Purification from Sewage to Outfall = 81°5 per cent. 


Jas. H; Kershaw; F.C.S., Manager. 


June 16th, 1903. 
6225—Ap. I. 
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SEWAGE.— : 
Average daily flow - 


Maximum daily flow 
Minimum daily flow 


APPENDIX 


ROTHERHAM - continued. 


Rainfall 
Rainfall 
Rainfall 


Average Analysis of Sewage. 























June, 1903. 















































Ses Best. Worst. Average. 
. ; { Pa 
Ammoniacal Nitrogen Sy ee) ame SIM pene Milica KM a sie 
Albuminoid Nitrogen - - - - - - : 2 os ae 
Oxygen absorbed from KMnO, in 4 hours - - - | 3°55 8°23 5°68 
Chlorides as NaC]. - - - : - - - a _— — 17°57 
| 
Suspended Solids ‘ - é z < - 2 Sah Es aa oe, 
Number of samples analysed for the average = 11. : 
Tank Liquor.— 
Amount uf Chemicals used during the month - -~ - ae te ree 
Amount of Sludge removed during the month - - - = Nite: - 
Average daily flow through the Tanks ere Vate 
Average number of Tanks in use - - - - - 6 
Average Analysis of Tank Liquor. 
nla | Best. Worst. Average. 
a . . | en fon . 
Ammoniacal Nitrogen . - - - - - - | _— — = 
Albuminoid Nitrogen - - - - - - - - — — ae. 
Oxygen absorbed from KMnO,y, in 4 hours - - - - | 1°99 4°42 2°74 
Chlorides as NaCl. — - - - - - - : - - — 14 
Suspended Solids - - : x s a ay 
Number of samples analysed for the average = 7. : 
FILTERS. — } 
Number of times Filters were filled during month - - - - - 91 
- Amount of Tank Liquor treated per cube yard per 24 hours” - - - 
Average Analysis of Filter Effluent. 
ao | Best. | Worst. Average. 
a 1a 
Ammoniacal Nitrogen - - - - - - - - - — _ 
Albuminoid Nitrogen - - - - - - - —- — a 
Nitric Nitrogen (i. et ee = ~ = 
Oxygen absorbed from KMnOy in4hours- - = - 7 1°95 1°38 
= 2 < = = —- — J4°67 


Chlorides as NaCl. — - - 
Suspended Solids : “ 





| 
, 








Lanp.— 








Ammoniacal Nitrogen - - 
Albuminoid Nitrogen - - 


Nitric Nitrogen - 2 ‘ 


Number of samples analysed for 


tlie average = 14. 


Average Analysis of Final Effluent. 


Oxygen absorbed from KMnO, in 4 hours - 


Chlorides as NaCl. - 
Suspended Solids - “ 





July 21st, 1903. 





| 
i 


| 
| 








Best. | 








Number of samples analysed for the average = 54. 
Purification from Sewage to Outfall = 82°9 per cent. 


Jas. H. Kershaw, 





Worst. | Average. 


inne 


‘97 
18°09 


F.C.S., Manager. 


SEWAGE.— __ 
Average daily flow - 


Maximum daily flow 
Minimum daily flow - 


ROYAL COMMISSION ON SEWAGE DISPOS \1.. 


Average Analysis of Sewage. 








RoTHERHAM—continued, 


Rainfall — - : = = 
Rainfall = - - = = 
Rainlall = - = : : 
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July, 1903. 





Best. 


= 
° 
a 
os 


Average. 





Ammoniacal Nitrogen - - 


Albuminoid N itrogen - - 


Oxygen alssorbed from KMnO, in 4 hours 


Chlorides as NaCl. - 
Suspended Solids . - 





- - 


b 
; 


4°03 





TANK Liquor.— 


Number of samples analysed for the average = 3. 


Amount of Chemicals used during the month 


Amount of Sludge removed during the month 


Average daily flow through the Tanks 


Average number of Tanks in use 


Average Analysis 


Tank Taquor. 


- - ail 
- About 206,000 


gallons were 


pumped into a lagoon. 


ei 







































































—— Best. | Worst. | Average. 
Iamimoniaca! Nitrogen -  - ~- - - - - - | — — == 
Oo cgane SS ce en a t: 2 
Oxygen absorbed from KMnO, in 4hours-— - . 2°46 4:08 3°18 
Oiteceteeat he = 8 tl ~ -- 14°] 
Suspended Solids eC ae - - - - - — — == 
Number of samples analysed for the average = 5. 
FILTERS.— 
Number of times Filters were filled during month - - - nariedelad 
Amount of Tank Liquor treated per cube yard per 24 hours - - 
Average Analysis of Filter Effluent 
mae Best. | Worst. | Average. 
Ammoniacal Nitrogen- - - - - - : — — — 
Albuminoid Nitrogen - - _ - - - —_ — 
Nitric Nitrogen - : 4 — — — 
Oxygen absorbed from KMnO, in 4 hours - - : 78 Or Eis 
Chloridesas NaCl. - - - - Se . - — 14°8 
Suspended Solids - - t= - - - - — a ee 
Number of samples analysed for the average = 10. . 
LanpD.— 
Average Analysis of Final Effluent. 
2 ae Best. | Worst. | Average. 
[ 
Ammoniacal Nitrogen - - - - - - - - = — - 
Albuminoid Nitrogen - - - . - + ae a = | = - 
Nitric: Nitrogen - - - - - - - - - = — —_ 
Oxygen absorbed from KM Oy in 4 hours - - - - 39 1°39 "8S 
Chlorides as NaCl. - - - - - = : = = 19° 
Suspended Solids - - - - - - - = — _ == 
Number of samples analysed for the average 46. ne i 
* Purification from Sewage to Outfall = 86:3 per cent. , 
August 6th, 1993. Jas. H. Kershaw, F.C.S., Manager. 


150 APPENDIX: 


RoTrHERHAM—contined. 


SEWAGE.— .- August, 1903. © 
Average daily flow Se 4: a Talataafa lh: <9 9 eaten F 
Maximum daily flow - - eh ‘ - Rainfall - - - - - 

Minimum daily flow - - - Rainfall - wer ah) 


Average Analysis of Sewage. 





| 








eer r | Best. Worst. Average. 
Ammoniacal Nitrogen - - - - - * ed oe ye ce | 32 | “ad 
Albuminoid Nitrogen - - -— - - Senet oa — _ 
Oxygen absorbed from KMnO,y in 4; hours -.* - $Y ghey 54 | ee iy 6°44 
Chlorides as NaCl. - - - - - - £°° > agar ithe 2 [ste Ee a 19:27 % 
Suspended Solids . - - - - - - a ae — = 











~ Number of samples analysed for the average = 6. 
Tank Liquor.— 


Amount of Chemicals used during the month- °“-° - - = Te 

Amount of Sludge removed during-the month A - - 137,000 gallons pumped into a lagoon 
Average daily flow through the Tanks — - - - - - - 

Average number of Tanks in use - - - - - - - 6 


Average Analysis of Tank Liquor. 














een : veomre Best Worst. Average, | 
Ammoniacal Nitrogen - - - - - : : z — 3 | are ti 
Albuminoid Nitrogen - - - - - - - : — | _ 5 eh 
Oxygen absorbed from K MnO, in 4;bours.-. | 3 - - 2°08 / 3°49 2°68 
Chidtides as Nal ene ae eee ae 1715 
muspended Selids— g5-—5 —-" = - ay hes eo Bias = | =e . wi 








Number of samples analysed for the average = 4. 





























TF ILTERS.— % 3 
Number of times Filters were filled during month. - _— - - - - &3 
Amount of Tank Liquor treated per cube yard per 24 hours — - - - 
} Average Analysis of Filter Effluent. 
+ oa Uo . sc) Best. | Worst. Average. 
Ammoniacal Nitrogen -  -- = = * =n ei ae fens 
Albuminoid Nitrogen--.° - - } = |) = os i he ise au io 
Nottie Nittogert ert = 28s 29 ee ee en ee we | se a 
Oxygen absorbed from KMnO, in 4 hoars - - : 6 2°26 153 
Chlorides as NaCl. - - - {= - - - — — | 16°45 
Sieg. | 7 : ; hie 
Suspended Solids 2 ie ela Ses reir. Chae eaeaees ties | bel pas: pe , 
| ; : 
ts Number of samples analysed for the average = 6. 
LAND.— sige 4 5 : | 
Average Analysis of Final Effluent. -- 
—— be Best. Worst. ) Average. 
{ 
| ‘ 
Ammoniacal Nitrogen - - c tel 2y x - 
Albuminoid Nitrogen - = - E s Ae =. =e Sak 
Nitrie Nitrogen - - - - - - - - a pw eo ~ 
Oxygen absorbed from KMnO, in 4 hours - .s "16 1°57 ‘81 
Chiorides as NaCl ' <5) = 8 ty = - oat om 24°67 








Suspended Solids MME SE We eae PO — Ee ies 


Number of samples analysed for the average = 36. 
Purification from Sewage to Outfall = 87°4 per cent. 
September 4th, 1903.. 5 eats Jas. H. Kershaw, F.C.S., Manager. 
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RorHERHAM—continued.. 














SEWAGE.— September, 1903. — 

Average daily flow - - - - Rainfall - - - : ¢ 

Maximum daily flow - - - Rainfall — - - - - - 

Minimum daily flow - - - Rainfall — - - - : e 

Averaye Analysis of Sewage. . 
caer 3 Best. Worst. Average. 

Ammoniacal Nitrogen - - - : i as See ag = > ~ 
Albuminoid Nitrogen - Oat ee ae Any Be = a ie: 
Oxygen absorbed from KMnO, in 4 hours - - - =) 4°16 12°68 718 
Chlorides as NaCl - “ - - - - - - — — 189 


Suspended Solids - 3 - ott 5 ‘ = a = 





Number of samples analysed for the average=17. 
Tank Liquor.— 


Amount of Chemicals used during the month - - - - - - nil. 
Amount of Sludge removed-durmg the month — - - - - - - nil. 
Average daily flow through the Tanks - - - - : : . —-- 
Average number of Tanks in use - - - - - - 6 


Average Analysis. of Tank Liquor. 





























———— Best. Worst. | Average. 
Ammoniacal Nitrogen - - - - - : : — | — — 
Albuminoid Nitrogen - - - Be aa - - — — —_ 
Oxygen absorbed from KMnO, in 4 hours - - - Cy 3°18 | 2°48 
Chlorides as NaCl ST ae - - - - - - _— — | 15:9 
Suspended Solids pe ace) ere 5, - a4 — — = 
Number of samples analysed for the average = 16. 

FILTERS.— 

Number of times Filters were filled during month - - - - - 72 

Amount of Tank Liquor treated per cube yard per 24 hours - - : ma 


Average Analysis of Filter Effluent: 


























So Best. Worst. Average. 
Ammoniacal Nitrogen —- - : 2 . a a = sw 
Albuminoid Nitrogen - me : A : 2 = = eae 
SS a ee ee ees 
Oxygen absorbed from KMnO, in 4 hours - - 52 2°0 123 
Chlorides as NaCl - B= - - - | — = 15°6 
Suspended Solids « i aS 2 ‘ pal fe cH 





- Number of samples analysed for the average= 23. 
Lanp.— 
Average Analysis of Final Effluent. 


aE — EE ar Semanal Hina 
| 











——— Best. | Worst. Average. 

ial WERE? | Sacer 
Ammoniacal Nitrogen ~- - - - - ° - abe | is = 
Albuminoid Nitrogen . - . - - be ogee — — 
Nitric Nitrogen - - . : : - - - — = 
Oxygen absorbed from KMnOy, in 4 hours - - - "24 1°37 7 
Chlorides as NaCl - - - - - = eae = | — - 94°95 
Suspended Solids - - = - - - - - — — a 








Number of samples analysed for the average =53. 
Purification from Sewage to Outfall = 89°2 per cent. 
Jas. H, Kershaw, F.C.S., Manager. 
October 10th, 1903, 
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RorHERnAM—continued. 
















































































Number of samples analysed for the average = 29. 
Purification from Sewage to Outfall = 84°4 per cent. 














SEWAGE.— F October, 1903. 
Average daily flow -— - - Rainfall -- \- eoh ulate 
Maximum daily flow - - - Rainfall - - - - , 
Minimum daily flow -— - = (Rainfall > :-+ ~ cee ee 

Average Analysis of Sewage. 
ees Best. Worst. Average. 

Ammoniacal Nitrogen - - - - - - - - _ — _- 

Albuminoid Nitrogen - - - - - - - - — -— — 

Oxygen absorbed from KMnOy, in 4 hours - - - - 2 4°28 2°95 

Chlorides as NaCl - - - - - - - =e — — 14°57 

Suspended Solids- - - - - - - - - — — — 

Number of samples analysed for the average = 15. 

Tank Liquor.— 
Amount of Chemicals used during the month - - mp tert banik 
Amount of Sludge removed during the month - - -  o- -nil. 
Average daily flow through the Tanks - - - - - : -_— 
Average number of Tanks in use - - - - - - - - 6 
Average Analysis of Tank Liquor. 
—-—— | Best. - Worst. Average. 

Ammoniacal Nitrogen - - - - - - - - _ _ woe 

Albuminoid Nitrogen - - - - - - - 4 — — _ 

Oxygen absorbed from KMnO, in 4 hvurs - SM: 96 ; © 3" ems 177 

Chioridemas NaClgo =) 2-9 — spy c of somes — -- | 1292 

Suspended Solids- : - - . - - . - = — — 

Number of samples analysed for the average — 10. 
FILTERS.— : 
Number of times Filters were filled during month - - - - - - 53 
Amount of Tank Liquor treated per cube yard. per 24 hours - - - 
Average Analysis of Filter Effluent. 
——— Best. | Worst. | Average. 
‘“Ammoniacal Nitrogen - - - - - - el — — ane 

Albuminoid Nitrogen - - - - - 2 “ ai aa ta eS 

Nitric Nitrogen - - = - - = ae - - | _ | — = 

Oxygen absorbed from KMnO, in 4 hours - - - - | ‘28 | 1°58 85 

Chlorides as NaCl - cars Pace = ite 1151 

Suspended Solids- - : - - : : - ; — — — 

; Number of samples analysed for the average = 10. 

4sAND.— 

Average Analysis of Final Effluent. 
—— Best. Worst. Average. 
eas ale So ee a oe = z 

Ammoniacal Nitrogen - - - - - - - | : — — 

Albuminoid Nitrogen - - - - - - - | -- — — 

Nitric Nitrogen - - - - - - - - | =: — — 

Oxygen absorbed from KMnQO,y in 4 hours - " 3 yi 16 | "92 “46 

Chloridesas NaCl - - - - - - =i — = 18°8 

Suspended Solids- - . - - - - - - | -- — | 


November 5th, 1903. Jas. H. Kershaw, F.C.S., Manager, 
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RorHERHAM—continued 


SEWAGE.— : ‘ November, 1903. 
Average daily flow *- > : = - Rainfall - - - - - ‘126 inches 
Maximum dailyflow -— - 2 - Rainfall - Sea nie sue ody ss 
Minimum daily“flow - - E - Rainfall - : FS ‘ parcel e 


12 wet days. Total rainfall = 1°51 inches. 
Average Analysis of Sewage. 





Best. | Worst. | Average. 
ee ae ae ee nee nn es ET 


Ammoniacal Nitrogen- ~ - < ; = 4 | 


Albuminoid Nitrogen - —- 5 - = = pie th 


t 
' 

' 

' 
bo 
fon) 
J 
aI 
(0,2) 

(2) 

as 

bo 

1) | 


Oxygen absorbed from KMnQO, in 4 hours 
Chlorides as NaCl ede - - - - - oo .— 15°98 


Suspended Solids - - - oe eee se at co 


Number of samples analysed for the average = 22. 
Tank Liquor.— 


Amount of Chemicals used during the month . - . - - - - nil. 
Amount of Sludge removed durjng the month - - - - - - nil. 
Average daily flow through the Tanks SS po GM gel aa labr pecan op Ta S 

ay ene Big 


Average number of Tanks in use 2 : 
Average Analysis of Tank Liquor. 


ee eee tend 
| | 


Best. Worst. Average. 


Ammoniacal Nitrogen - - - - — - - — = mi 





Albuminoid Nitrogen -  -—- pl REESE 3k -- = we 
Oxygen absorbed from KMnO, in 4 hours ae - - 1°33 3°38 2°36 
Chlorides as NaCl areas, 9 oS St i C- = 19°59 
acide CC es 28 Pageiee 54 0 Gia aa 


Number of samples analysed for the average = 18. 


FILTERS.— Pad 
Number of times Filters were filled during month - - - - - 175 
Amount of Tank Liquor treated per cube yard per 24 hours - - - 
Average Analysis of Filter Effluent. 
pais 2 | Best. | Worst. Average. 


Ammoniacal Nitrogen- - - - - 7° Eaee | 
Albuminoid Nitrogen - - - - - - *- ° 


Nitric Nitrogen - - - - pa ge 


Oxygen absorbed from KMnQ, in 4 hours 
Chlorides as NaCl - - - - . se - = = 12°03 


Suspended Solids | MES ee eis _- — a 








Number of samples analysed for the average = 20. 


LanD.— 
Average Analysis of Final Effluent. 


Best. | Worst. | Average. 
I ae pe te be ee wy 


Ammoniacal Nitrogen - eee er 
Albuminoid Nitrogen sky ge aS) 6 re 
ars Nitrogen - = =O = tC Ct E 
Oxygen absorbed from KMn0Q, in 4 hours - - - - 
Chlorides as NaCl A. es A ete 233 — 1715 
Suspended Solids - - - - - - - - =e — aes 





Number of samples analysed for the average =39. 
Purification from Sewage to Outfall = 882 per cent. 
December 7, 1903. Jas. H. Kershaw, F.C.S., Manager. 
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SEWAGE.— 
Average daily flow - 
Maximum daily flow 
Minimum. daily flow - 














15 wet days. 
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RoOTHERHAM—continued. 


Rainfall 
Rainfall 
Rainfall 


Average Analysis of Sewage. - 











December, 1903. 


- < wt iteh, o¢ 2.10753 inches 
a ¥ y «(oh ” 
. - . brisk ” 


Total rainfall = 1°13 inches. 





























—_—— Best. | Worst. | Average. 
l 
Ammoniacal Nitrogen- -~— - <i ee -= i: ‘ca 
Albuminoid Nitrogen - “ - : : 7 - _ — — 
Oxygen absorbed from KMnQq in 4 hours-~— - - 14. 4°5 ; 3°15. 
Chlorides as NaCl rattan - - — _ 14°05 
Suspended Solids - : : 2 . 7 5 2 = . = 
Number of samples analysed for the average = 22. 
Tank Liquor.— 
Amount of Chemicals used during the month - - : ; : e 2 Sioa t= 
Amount of Sludge removed during the month ee et ee 1) OGL? OR ee eee 
Average daily flow through tha Tanks - - - - - - oe 4 pe Cee eee 
Average number of Tanks in use - : = - = 2 : é S é Ad 
Average Analysis of Tank Liquor. 
a Best. | Worst. | Average. 
Ammoniacal Nitrogen- — - - - - - - — | =e = 
Albuminoid Nitrogen - - - - _ ms =o 
Oxygen absorbed from KMnOQj in 4 hours - - - - 12 3°19 1°98 
Chlorides as NaCl : ° - - - - — — 13°0 
Suspended Solids - - - - - - - - — — — 
Number of samples analysed for the average = 12. 
FILTERS.— 
Number of times Filters were filled during month - - - - - 189 
Amount of Tank Liquor treated per cube yard per 24 hours - - - - -_— 
Average Analysis of Filter Effluent. 
—_—- Best. | Worst. | Average. 
Ammoniacal Nitrogen - - S : Xs ‘ e oi ee au 
Albuminoid Nitrogen - - - - - - : - — - — 
Nitric Nitrogen - - - - “ : - — — — 
‘Oxygen absorbed from KMnQ,j in 4 hours - - - - "42 1°72 8 
‘Chlorides as NaCl . - - es — — 130 
Suspended Solids - - Z = - i = aa chy, 
Number of samples analysed for the average = 12. 
LanD.— 
Average Analysis of Filter Effluent. 
_— Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - - = : = “ — _— — 
Albuminoid Nitrogen - - - - - = “ = — _ —- 
Nitric Nitrogen - . . - - - - - — — — 
Oxygen absorbed from KMnQO, in 4 hours - . - - 2 | 95 "48 
Chlorides as NaCl - - - - : - - - — ~— 13°5 


Suspended Solids - : : 


os 








Number of samples analysed for the average = 41. 

Purification from Sewage to Outfall = 84°7 per cent. 
During the year 245 loads of refuse and silt were etd from the screens and catchpits at the works. 
Jas. H. Kershaw, F.C.S., Manager. 


January 6th, 1904, 
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Bi. 


RoTHERHAM— continued. 
January, 1904. 


SEWAGE.— 
Average daily flow - - — Sek E Rainfall - . A as eet osu ches 
Maximum daily flow ; é ? hs Rainfall - . 3 ; a 
Minimum daily flow - - 2 Rainfall  - : f ir cae vat 


16 wet days. Total rain = 2°13 inches. 
Average Analysis of Sewage. 








‘Paar De | Best. Worst. | Average. 
Ammoniacal Nitrogen - - “ - - - - - — —- = 
Albuminoid Nitrogen - - - . - . - - - ss = 
Oxygen absorbed from KMnQ, in 4 hours - - - 2°82 7°47 5°02 
Chlorides as NaCl - - - - - ; — = 14°8 
Suspended Solids - - - - - - : - i —- — 








Number of samples analysed for the average = 11. 
Tank Liquor.— 





Amount of Chemicals used during the month - - - nil. 
Amount of Sludge removed during the month - 200,000 gallons. This set of tanks had 
worked 6 months since last sludging. 
Average daily flow througk the Tanks - . - - anaverage sample of this sludge contained 
85°0 wate. 
7°4 organic and volatile matter 
7°6 mineral matter (pale brown colour). 
100°0 
Average number of Tanks in use - - - - - - 6 


Average Analysis of Tank Liquor. 











ae | Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - - - - - - — _ = 
Albuminoid Nitrogen - . - - - - —— fe rs 
Oxygen absorbed from KMnQOjy in 4 hours - 5a ge ae 1°06 3°12 1°95 
Chlorides as NaCl - - - - - - - — —— 11°65 


Suspended Solids : - - 2 : . 2 : | nl at es 





Number of samples analysed for the average = 4. 
FILTERS.— 
Number of times Filters were filled during month - >=) smo 
Amount of Tank Liquor treated per cube yard per 24 hours - 


Average Analysis of Filter Effluent. 
| 





= | Best | Worst. | Average. 
Ammoniacal Niffogen= » .=)) 4 8-92 <2.) 2-3 ee = | = nr 
Albuminoid Nitrogen - - - - - : 3 = — Be 
Nitric Nitrogen - - - - : - 2 = a =e 
Oxygen absorbed from KMnQy in 4 hours - - - - 63 1°29 "82 
Chlorides as NaCl - - - - : — — 12°69 


Suspende:l Solids . e : . ze oe as 


Number of samples analysed for the average = 7. 
LAND.—- 
Average Analysis of Final Effluent. 


asset | Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - - - - - - = =a pee 
Albuminoid Nitrogen - - - - - - - - — = = 
Nitric Nitrogen - . - - - ={ = =: _ 
Oxygen absorbed from KMnQ, in 4 hours - . - . 18 9 54 
Chlorides as NaCl - : - - - - . — — 15°55 


Suspended Solids - - -, - - Z — = a 





Number of samples analysed for the average = 32. 
Purification from Sewage to Outfall = 89°2 per cent.. 


Feb: uary 5th, 1904. ; Jas. H. Kershaw, F.C.S., Manager. 
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RoTHERHAM—continued. 
February, 1904. 
SEWAGE.— 
Average daily flow - - - Rainfall - -. -  -  - 197 inches. 
Maximum daily flow - . Rainfall - sheihy <Wiiete ee |. 5 
Minimum daily flow - - = ey - Rainfall - - - wigs? OO 
19 wet days. Total rain, 3°75 inches. 


Average Analysis of Sewage. 


” 





—_—— Best. Worst. Average. ~ 
Ammoniacal Nitrogen - . . F r 4 : > a | a 
Albuminoid Nitrogen ge pee eS 2 = | = sy 
Oxygen absorbed from KMnOy, in 4 hours - - : 2°07 3°76 2°95 
Chlorides as NaCl - - - - - - — — 12°45 
Suspended Solids - - - SG: : : E a oe We 














Number of samples analysed for the average=8. 
Tank Liquor.— 


Amount of Chemicals used during the month - - 2 - nil. 
Amount of Sludge removed during the month : - nil, 
Average daily flow through the Tanks - - < -_ — 
Average number of Tanks in use - - - - - - - - eo 6 


Average Analysis of Tank Liquor. 














a | Best. | Worst. Average. 
Ammoniacal Nitrogen - - - - E | == x 
Albuminoid Nitrogen - =}. - - - : = ae om 
Oxygen absorbed from K MnO, in 4 hours eee ee "95 1°46 1°2 
Oumeeeee  = 2 8 ll Ul ee sa 10°34 
Suspended Solids . . - - . - - = = =, 











Number of samples analysed for the average=:6. 
FILTERS.— 
Number of times Filters were filled during the month - - - Bey 
Amount of Tank Liquor treated per cube yard per 24 hours - - - 


Average Analysis of Filter Effluent. 











11 ee | Best. | Worst. Average. 
Ammoniacal Nitrogen - - - ~ = : : 24 =e a 
Albuminoid Nitrogen = = = = : = = a vies 
Nitric Nitrogen SP ns - = = : : g ce aN 9% 
Oxygen absorbed from KMnO, in 4 hours-_— - ee "39 66 ‘BS 
Chlorides as NaCl - - - - - - - - -- 13°16 
Suspended Solids - - - - - - - : = — et 








Number of samples analysed for the average«=3. 
LanvD.— 
Average Analysis of Final Effluent. 











eo Best. Worst. Average. 
Ammoniacal Nitrogen - - 5 - - 2 4 | — nts 
Albuminoid Nitrogen - : . - - - : — as en 
Nitric Nitrogen - . - - - - - - - — = ae 
Oxygen absorbed from KMnO, in 4 hours -— - - - 4) 93 “42 
Chlorides as NaCl : - - - - - - - — -- 13°93 
Suspende? Solids - - - - - - - - — = ws 








— 


Number of samples analysed for the average = 13. 
Purification from Sewage to Outfall = 85°7 per cent. 
J. H. Kershaw, F.C.S., Manager. 
March 11th, 19094. 
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RoTHERHAM—continued. 




















March, 1904. 
SEWAGE.— : i 
Average daily flow - = - Rainfall = .- (sy stick tee ty Ae 
Maximum daily flow -— - -  Riinfall <0? y= a ee ee 
Minimum daily flow - - _- Rainfall - - - - Sree.) Soar 
15 wet days. Total rain = 1°78 inches. 
Average Analysis of Sewage. 
i] 
eee Best. | Worst. | Average. 
Ammoniacal Nitrogen ie ee ee Sa — _ —- 
Sandy : | 
Albuminoid Nitrogen > . . - - - - — — — 
Oxygen absorbed from KMnO,y in 4 hours - y - - 19 4°63 | 3°59 
Chlorides as NaCl - - - - - - . - -- — | 136 
! 
Suspended Solids ef tee ma Ee ee — — | =a" 
Number of samples analysed for the average = 14, 
Tank Liquor.— 
Amount of Chemicals used during the month - - - - - = nil 
Amount of Sludge removed during the month - - - . - - nil, 
Average daily flow through the Tanks - - - - - : = 
Average number of Tanks in use - - - - - - - - 6 
Average Analysis of Tank Liquor. 
_—— Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - : : . : ae = a 
Albuminoid Nitrogen - - - - - . — = a 
Oxygen absorbed from KMnQ, in 4 hours - - - vis 4°01 2°44 
Chloridesas NaCl - - - ee or - - _ -- 12°86 
Suspended Solids - 2 - “ : : : = ek ve 
Number of samples analysed for the average = 19. 
FILTERS.— ’ 
Number of times Filters were filled durmg month - - . - 190 
Amount of Tank Liquor treated per cube yard per 24 hours’ - - - 
Average Analysis of Filter Effluent. 
—— Best. | Worst. ! Average. 
Ammoniacal Nitrogen - - - - - - - - — — rea 
Albuminoid Nitrogen - - - - 2 : : = —, at a 
Nitric Nitrogen - - - - - - . - - -- — —_— 
Oxygen absorbed from KMnO,j in 4 hours - - - - 36 1°68 ‘9 
Chloridesias NaCl == - ee ~ -- 10°75 
Suspended Solids Sn rege ee a as A = we | ee 





Number of samples analysed for the‘average = 32. 2 ae 
LAND.— “ asia 
Average Analysis of Final. Effluent. 





a Best. Worst. | Average... .. 





Ammoniacal Nitrogen - : - - a 2 : = i 


Alouminoid Nitrogen - : meee ate i 2 vi 





Nitric Nitrogen - = - : Z ~ x £ s Lew eae 


Pe 
Oxygen absorbed from KMnOgin4hours- - -~— - 11 "86 5 
Chloridestas WaGkois sep ee ees eH - — -- 1386 


Suspended Rolidae: ° i) =i. sees game ee eee uF be 





Number of samples analysed for the average = 42. 
Purification from Sewage to Outfall = 86 per cent. 


April 9th, 1904. Jas. H. Kershaw, F.C.S., Manager. © 
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RoTHERHAM—continued. 
; April, 1904. 











SEWAGE.— 

Average daily flow - - - Rainfall = - - - - - - ‘104 inches 

Maximum daily flow = - Rainfall = - - : - - Ps") 3 

Minimum daily flow - - Rainfall - - - - 2 -;, ‘Q] be 

14 wet days. Total rain, 1°46 inches. 
Average Analysis of Sewage. 
a Best. | Worst. | Average. 

Ammoniacal Nitrogen- — - - - - 2 ec ch ania aa | = = 
Albuminoid Nitrogen - - - : x a eee z aes me fa 
Oxygen absorbed from KMnO;j in 4 hours - : - . 3°61 175 §°38 
SMM ASNACLS = - -'- j-~- - - - wie = 1621 


Suspended Solids oo ol TSS ER ae eta re Sager a — Baal 


Number of samples analysed for the average = 19. 
Tank Liquor.— 


























Amount of Chemicals used duriug the month - - - - - nil. 
Amount of Sludge removed during the month - - - - - - nil. 
Average daily flow through the Tanks - - “ - Fite Aes 
Average number of Tanks in use - - - - - - - - 6 
Average Analysis of Tank Liquor: 
eas, Fest. | Worst. | Average. 
Ammoniacal Nitrogen - ee - - a aie - — ~ nat 
Albuminoid Nitrogen - —h: - : : > “ a = Sia 
Oxygen absorbed from KMnQ, in 4 hours - - - - 1°37 5°18 3°42 
Chlorides as NaCl. - Ane ee: - - [aa — 2 14°45 
Suspended Solids - - - - - - é - a = ae 
Number of samples analysed for the average = 10. 
FILrers.— 
Number of times Filters were filled during month =: - - - 168 
Amount of Tank Liquor treated per cube yard per 24 hours - - - 
Average Analysis of Filter Effluent. 
ache ean | Best. | Worst. | Average. 
Ammoniacal Nitrogen - - 2 : - = rie = te 
Albuminoid Nitrogen - - - - Apes = ; = ite Pe 
Nitec Ditireeen = ee Cl tl rae ee = poe = 
Oxygen absorbed from KMnOyin4hours- - -~— - ‘83 2°56 1°45 
Ohloriaemas NaCk = - - - - += -:- = _ — 15°74 
Suspended Solids - = eS ee nteanp on = = REE — BS 
Number of samples analysed for the average = 16. 
Lanp. — 
Average Analysis of Final Effluent. 
oomconct | Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - - - - - - -— — = 
Albuminoid Nitrogen - - - - - - -- - == 
Nitric Nitrogen - - - - - - - - - =~ — sty 
Oxygen absorbed from KMnOy in 4 hours - . - eee ab, 1°4 ‘67 
Chloridesas NaCl - - - lei Pentre ks % _— 17°62 
Suspended Solids snl eh tic ala et RM ht — és — 





Number of samples analysed for the average 47. 
Purification Frou Sewage to Outfall = 89° Sper cent. 


May 9th, 1904. Jas. H. Kershaw, F.C.S., Manager. 
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RoTHERHAM—continued. 

















SEWAGE.— May, 1904. 
Average daily flow - . - aes © te - —— Rainfall - - - - ‘2 inches 
Maximum daily flow - - - - - - -_— Rainfall - - - eed ae 
Minimum daily flow- - - - - - - —— _ Rainfall . - = Mas ee 

12 wet days. Total rain = 2°41 inches. 
Average Analysis of Sewage. 
——— Best. | Worst. : Average. 

Ammoniacal Nitrogen - : - - - - - - — — — 

Albuminoid Nitrogen’ +. + 4; . -j.¢> 4 4 - — —_ — 
Oxygen absorbed from KMnO, in 4 hours - - - 4°54 25°49 78 
Chlorides as NaCl = te - . — — 16°61 
Suspended Solids 2 = - 2 = e e oe fase 
Number of samples analysed for the average = 23. 
Tank Liquor.— 
Amount of chemicals used during the month - =i) 2 eee - - - : - nil. 
Amount of sludge removed during the month - ‘oe - - - - - —-- 
Average daily flow through the tanks - - - = - - - - - - —— 
Average number of tanks in use - - - = eta ae - - 2 - - 6 
Average Analysis of Tank Liquor. 
a Bes 5 Worst. Average. 
Ammoniacal Nitrogen - - - - - . - - a — — 
Albuminoid Nitrogen - - - : - - - - — — — 
Oxygen absorbed from KMnO, in 4 hours - - - : 2.16 6°6 3°96 
Chloridesas NaCl -~ - - - . . - - — — 14°38 
Suspended Solids - - - - - - - - - _ _— — 
Number of samples analysed for the average = 11. 
FILTERS. — 
Number of times Filters were filled during month - - - - - - - 155 
Amount of Tank Liquor treated per cube yard per 24 hours - - - - - —— 
Average Analysis of Filter Effluent. 
—_—— | Best. | Worst. | Average. 
Oxygen absorbed from KMnO, in 4 hours-~— - . - “92 *3°19 1°64, 
Chlorides as NaCl - - - - = . - - — — 15°39 


Suspended Solids - - - - é < Z . ae 





Number of samples analysed for the average = 12. 
* Corresponding Tank Effluent absorbed 6°6 parts oxygen. After Filter was full, 2 hours contact was given. 
Purification = 51°1. 








LanD.— 
Average Analysis of Final Effluent. 
——— | Best. | Worst. | Average. 
Oxygen absorbed from KMnOgin4hours- - -~— - "38 1°82 ‘91 
Chloridesas NaCl -— - ee + A gta ie oat as ~ —- 17°62 
Suspended Solids - - - - - - - - -— — 





Number of samples analysed for the average = 66. 
Purification from Sewage to Outfall = 88°3 per cent. 


I detected the presence of Gas liquor in the Bd ache at the Works, but after about a week it ceased coming, and 
we had no more till December. / 


June 7th, 1904. Jas. H. Kershaw, ¥.c.s., Manager. 


. 
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RorHERHAM—continued. 
June, 1904. 


SEWAGE.— 
Average daily flow - : 3 : : . - —— Rainfall C e ~ ‘ - +068 
Maximum daily flow- -  --- - - - —— _. Rainfall bell Ce al 
Minimum daily flow - -~ - Paes i ee infall =~. - : ot Hy 


5 wet days. Total rain = *34 inches. 


Average Analysis of Sewage. 

















—— Best. Worst... | Average. 
Ammoniacal Nitrogen - : . ¥ 2 i E : ade ae ed 
Albuminoid Nitrogen - - a i ; : > . ns a2 Tie 
Oxygen absorbed from KMnO,in4hours - - -— -) 3°83 9°42 | 6°67 
NaCl - - Agi = ~ - s --- | 18°89 
Suspended Solids - - - 2 2 2 é 3 : tes ifs | ks 





Number of samples analysed for the average = 17. 


Tank Liquor.— 
Amount of Chemicals used during the month— 


No chemicals were used during the ordinary working, but I used about 3) cwt. of lime waste from 
an Ammonia Works to clear the top water in the three tanks we sludged ; they had worked nine 














months. 

Amount of Sludge removed during the month - - - - - - - - 225,000 gallons. 

Average daily flow through the tanks - - : ; é 2 2 é ‘ 7 wine 

Average number of tanksin use - - - - - : - so : - 6 

Average Analysis of Tank Liquor. 
— | Best. Worst. Average. 
Ammoniacal Nitrogen (single sample) - : : - 2} 3°496 nc > oa 
Albuminoid Nitrogen * ¥ = : : of 344 Ex = al 
Oxygen absorbed from KMnO,in4hours - - - -}| — 1°92 3°59 2°9 
NaCl -- - = - Pet bole -— -= —- 15°63 
ee ee satis tote Sey) oe VF dtche ta — — — 
oe ee ee ee EE ee 
Number of samples analysed for the average = 5. 

FILTERS.— 

Total number of times the 4 filters were filled during month - - - - - - 133 


Amount of tank liquor treated per cube yard per 24 hours” - - - . : : a 


Average Analysis of Filter Effluent. 



































Mea arma Best. Worst. Average. 

Ammoniacal Nitrogen (single sample) - - - - - | 1922 — — = 
Albuminoid Nitrogen - - - - - - - -| ‘213 — — oe 
Nitric Nitrogen - - - - : 2 : 2 2 — a = 
Oxygen absorbed from KMnO, in 4 hours - - - -| — ‘48 1°78 1°25 

NaCl - = = - : 2 Bil = a 15°51] 
re ee = Pe ee ee easel — es 

Number of samples analysed for the average = 13. 

Lanp.— 
é Average Analysis of Final Effluent. 

—_—— Best. Worst. Average. 
Ammoniacal Nitrogen - - 2 - - = 91°76: 1'4s 9.” 148 — — 
Albuminoid Nitrogen —- - . : - - 16 2-13). S099) = ote 
Nitric Nitrogen - - - - - - -| — = — — aS is 
Oxygen absorbed from KMnO4 ind hours =  - | ~ ~~ = a7 138 "72 
nee i eS ee — 18°09 














Number of samples analysed for the average = 57. 
Purification from Sewage to Outfall = 89°2 per cent. 


July 8th, 1904, os James H, Kershaw, ¥.¢.8., Manager. 
6225—Ap. I. 4 
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RoTHERHAM—continwed. 














July 1904. 
SEwAGE.— : . 
Average daily flow - - - - = _—— Rainfall - - . - 0'174 inches. 
Maximum daily flow - - - - - : a ses Rainfall - E A 07 , 
Minimum daily flow - - - - < : E _ Rainfall - 7 : - 00] i 
9 wet days. Total rainfall = 1°57 inches. 
Average Analysis of Sewage. 
ee Best. | Worst. Average. 
2 | = 
Ammoniacal nitrogen *- - = - A : : ae | a 4 
Albuminoid nitrogen = =" --. >=" » =* pee =e = | ae as 
Oxygen absorbed from KMnQj in 4 hours - - - - 6°56 | 12: 8:19 
NaCl - = = oe = | Sa 18°57 
Susponded solids -"_'- <¢-5) “0h =2e gee eee ae | ee iter 











Number of samples analysed for the average = 12. 
Tank Liquor.— 


Amount of Chemicals used during the month - - ; - - - - - . Nil. 
Amount of sludge removed during the month - - = - - - - - - Nil. 
Average daily flow through the tanks - - - : - . = - . 
Average number of tanks in use - : : : - i - - . - - 6 


Average Analysis of Tank Inquor. 


ee Best. | Worst. | Average. 


Ammoniacal nitrogen - - -— - ae cto os = ae 





Albuminoid-nitrogen  - - : - : . : i — 2 aon 
Oxygen absorbed irom KMnQOsg in 4‘hours - - - 2 3°04 5°32 3°75 
NaCl - - - . - — — 15° 





Suspended solids - - E - - be s Si = ee is 








— 





Number of samples analysed for the average = 7. . 


FILTERS — 
Number of times filters were filled during month. We have 4 filters. Total fillings=151. 
Amount of tank liquor treated per cube yard per 24 hours - - - - - 


Average Analysis of Filter HE ffiuent. 











ere Best. Worst. | Average. 
Albuminoid nitrogen. =< 92 =>) =e eee ws a i | ts 
Nitric nitrogen - - - - - i ‘ 2 —_ ae | Je 
Oxygen absorbed from KMnO, in 4 hours - : - - | 1°2 2°43 
NaCl = - 3 ‘ sal Ja: 








| 
Suspendid solid - - : - - - : : : _ ee | mel 








Number of samples analysed for the average = 11. 
Lanp.— 
Average Analysis of Final Effluent. 


Si ae | Best. | Worst. Average. 
| \ 


: ‘ | ' | 
Ammoniacal nitrogen - , 2 : : ss x Soh aE Pa fh 








Albuminoid-nitrogen -* =: pr--1-8- sf te wt ee ie wee ae ee ee: a | = 

Nitric Nitrogen - = ‘ : = 2 E : 3 = | == | Ent 

Oxygen absorbed from KMnQ, in 4 hours ve - - 28 | 1°87 108 
NaCl - < = = : 





| 
Suspended solids - - us - 2 : a z s | ae a ihe 





= = —— - = --— 


Number of samples analysed for the average = 55. 
Purification from Sewage to Outfall = 86°8 per cent. 


August 15, 1901 Jas. H. Kershaw, ¥.0.8., Manager. 
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August, 
SEWAGE.— 
Average daily flow - - - - - — Rainfall - P 2 : pom att og 
Maximum daily flow- = : - - —— Rainfall - . J OM Aey 
Minimum daily flow - - - - = — Rainfall - o1 > 


9 wet days total Rainfall = 3°51 ,, 


Average Analysis of Sewage. 





— Best. Worst. Average. 


Ammoniacal Nitrogen - - - - = ° : aa gi Le 

Albuminoid Nitrogen - - - - aes - - LF = Lit 

Oxygen absorbed from KMnO,in 4 hours - - -— - 4°95 21°6 8°37 ~ 
NaCl = AP aes Se : — — 19°44 








Suspended Solids - - - - . - . - a Me Dw 








Number of samples analysed for the average =9. 
Tank Liquor.— 

















Amount of chemicals used during the month - - - - - - - none 
Amount of sludge removed during the month - - - = - : 2 = none 
Average daily flow through the tanks - - “ 5 rs : = 2 : uit 
Average number of tanks in use Aan Ce I ido adic A ghia A abs tele - ; 6 
Average Analysis of Tank Liquor. 
see Best. Worst. Average. 
Ammoniacal Nitrogen - - - - - - - - — hs pies 
Albuminoid Nitrogen - - . - - - = : = — pie: 
Oxygen absorbed from KMnQ, in 4 hours - - 3 - 2°36 4°02 3°46 
“NaCl - - - 3 2 5 = — 14°58 
Suspended Solids - - - = = - : - - — — — 
Number of samples analysed for the average = 5. 
FILTERS.— . 
Number of times filters were filled during month - : = - 4 filters, Total fillings = 165 


Amount of Tank Liquor treated per cube yard per 24 hours - - = 
Average Analysis of Filter Effluent. 
































acs Best. Worst. Average. 
edonmealeinogen -  - et a ct, ae 
Afbuminoid Nitrogen - - - - - 2 - - = a a 
Nitric Nitrogen - - - - - - - - ae. = ~~ et; 
Oxygen absorbed from KMnQ, in 4 hours - . - - | ‘61 1°84 1°23 
Si ices Sn 2 a aia = Te 15°06 
Suspended solids - - - - = ee = - — — = 

Number of samples analysed for the average = 11. 
Lanp.— : 
Average: Analysis of Final Effluent. 

es Best. Worst. Average. 
Ammoniacal Nitrogen - - - - - 3 — = = 
Albuminoid Nitrogen - ~ - - - - - . -- = as 
Nitric Nitrogen - - ~ - “a8 = _ te ke 
Oxygen absorbed from KMn0O, in 4 hours - - - - 2 1°24 66 
NaCl - ie * = i = — 15°55 
Suspended solids ~ 3 - - 4 ~- = a 














Number of samiples analysed for the average = 52. 
Purification from Sewage to Outfall = 92°1 per cent. 
September 5th, 1904. J. H. Kershaw, ¥.0.s., Manager. 
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RoTHERHAM.—continued. 
September, 1904. 
SEWAGE.— 
Average daily flow - - - ——- Rainfall = - - : - ‘152 inches (nearly) 
Maximum daily flow - - - -_ Rainfall - . - aS ane 
Minimum daily flow aes - Raintall® >>" =e eh Spas 


6 wet days. Total rainfall = ‘91 inches. 


Average Analysis of Sewage. 














nee Best. Worst. Average. 





Ammoniacal nitrogen - - - - é = 2 . = Y on 
Albuminoid nitrogen -~ - - - - = i - = ne te 
Oxygen absorbed from KMnO, in four hours — - - - 6°26 18°39 8 68 
Chlorideas NaCl- -~— - ee a — — 20°41 
Suspended Solids - - - - : hae 5 2 = A pce 











Number of samples analysed for the average = 19. 
Tank Liquor.— 


Amount of chemicals used during the month ~ - : - - - . - - - Nil. 
Amount of sludge removed during the month = - - - - - - - - Nil. 
Average daily flow through the tanks - - - - . - - - - he ae 

Average number of tanks in use - - - - - - - - - - - - 6 


Average Analysis of Tank Liquor. 














ed Best. | Worst. | Average. 
Ammoniacal nitrogen - - - - : : E = = =e 
Albuminoid ‘nitrogen <7) =  -P° \ Gee =. Ye aM +2 2.8 
Oxygen absorbed from KMnQ, in 4 hours - - - 2°81 51 3 82 
NaCl - - - - - - - - — — 15°66 


Suspended Solids - - : = : ‘ - P ms ae — 





Number of samples analysed for the average = 6. 
FILTERS,— 
Number of times filters were filled during month - - - - - - Total fillmgs = 183. 
Amount of tank liquor treated per cubic yard per 24 hours - - . - 


Average Analysis of Filter Effluent. 









































—_——. Best. Worst. Average. 
Ammoniacal nitrogen - - - - . : 5 be pai RIE 
Albuminoid nitrogen - - = - BFA 3 = == = ae: 
Nitrienitrogen [--. BS b=" &* > Ree = ‘= ae! 
Oxygen absorbed from KMnQ, in 4 hours - - - - 1:05 1°78 he a 
NGG) | eth els a gi = &2 15°94 
Suspended Solids - - = era es : : 5 oes — ne 
; Number of samples analysed for the average = 12. ; 
LanpD.— 
Average Analysis of Final Effluent. 
—— | Best. Worst. Average. 
- | 
Ammoniacal nitrogen - - - “ = : 2 : ass = se 
Albuminoid nitrogen - : S 3 z 3 : = me. me war, © 
Nitric nitrogen - - - e 2 i a bes rae = 
Oxygen absorbed from KMnO, in 4 hours - . . . 3 1°42 "85 
NaCl ae oo E ~S js : e a 1713 
Suspended Solids - = = : : “ : : id = _ all 








Number of samples analysed for the average = 62. 
Purification from Sewage to Outfall = 90°0 per cent. 
October 8th, 1904. Jas, H. Kershaw, Manager. 
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October, 1904. 











SEWAGE.— 

Average daily flow - . - Rainfall 5 wet days - - Total = ‘39 inches. 

Maximum daily flow - - - Rainfall - - - - - 166, 

Minimum daily flow =, Mrs Swepheinmll-  - <- - - 02m ”;; 

Average Analysis of Sewage; 
——_ Best. | Worst. | Average. 
Ammoniacal Nitrogen - 2 : : - - y , ne oh a@ 
Albuminoid Nitrogen - - 2 : - : Z x = ES ad 
Oxygen absorbed from KMnO, in4 hours -—— - é 5°8 115 7°53 
NaCl. ae Coe. EO oo chs Bs 90°41 

Suspended Solids - - - 2 : F 3 tas = = 








Number of samples analysed for the average = 16. 
Tank LiQquor.— | 
Amount of Chemicals used during the month 


about 1 ton lime (lump) used to clear the 


top water previous to sludging. 


‘ 
' 
‘ 


Amount of Judge removed during the month 404,500 gallons. 
Average daily flow through the Tanks - : : : 


Average number of Tanks in use - - - - - - 


Average Analysis of Tank Liquor. 











sp. gravity of sludge was about 1°075. 
6 





a opal | Best. | Worst. | Average. 
Ammoniacal Nitrogen -~— - - - : . Z . ‘ee a wt 
Aibomimord Nitrogen - - - - - - "* 7° = _— =f 
Oxygen absorbed from KMnO, in 4 hours - - - - 2°85 5°29 4°36 
NaCl. - - - - 2 . = 24 16°6 


Suspended Solids - - 








Number of samples analysed for the average = 6. 


FILTERS.— 


Number of times Filters were filled during month - . - : 
Amount of Tank Liquor treated per cube yard per 24 hours” - - 


Average Analysis of Filter Effluent: 














180 = total fillings of the 4 filters. 























———— | Best. | Worst | Average. ~ 
eneminenmeeen = = lll es af ek 
Albuminoid Nitrogen - - - = : is : ‘ aoe ra < 
a oe ee! a. 
Oxygen absorbed from KMnOy in 4 hours’ - - “ = 92 2°12 1°31 

NaCl. - - - - = = — a 16°31 
Suspended Solids - - - : - ate - — | = rs 
Number of samples analysed for the average = 10. 
LanD.— 
Average Analysis of Final Effluent. 

orcs OS | Best. Worst. | Average. 
Ammoniacal Nitrogen - - - - - - - - — se st 
Ming rogen = OT = ae a 
Nitric Nitrogen - - - - = - - - - — a Ce 
Oxygen absorbed from KMnO, in 4 hours - - - : "36 1°48 79 

NaCl. - - - -) o- - — = 17°65 
Suspended Solids - —- - - Ale - - . — ae Es 


Number of samples analysed for the average = 53. 
Purification from Sewage to Outfall=89°5 per cent. 


November 4th, 1904 


Jas. H. Kershaw, Manager. 
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Suspended Solids- 


NaCl. 








December 8th, 1904. 





Number of samples analysed for the average = 64. 
Purification from Sewage to-Outfall = 91 per cent. 


Jas. H. Kershaw, ¥.0.8.. Manager 














SEWAGE.— November, 1904. 
Average daily flow - -  - Rainfall -  - - - inches 
Maximum daily flow - - Rainfall - - - ay ee 
Minimum daily flow - - - Rainfall - - - 7 ae 
11 wet days. Total rainfall = °97 inches. 
Average Analysis of Sewage. 
ese Best. | Worst | Average. 
Ammoniacal Nitrogen - . 2 4 : = _ = 
Albuminoid Nitrogen - - - . - — — = 
Oxygen absorbed from KMnQ, in 4 hours - - - 63 20°6 9°6 
te a | i ee 2 ae a= os, 21°3 
Suspended Solids - 2 = 2 : = wee oa 
Number of samples analysed for the average = 15. 
_ Tank Liquor.— 
Amount of Chemicals used during the month . : - - - nil. 
Amount of Sludge removed during the month ~~ - : . - nil. 
Average daily flow through the Tanks - - - - 4 < 3 
Average number of Tanks inuse - - - - - . - - 6 
Average Analysis of Tank Liquor. 
-_— Best. | : Worst. Average. | 
/ 
Ammoniacal Nitrogen - - - - : : Soe = = oe 
Albuminoid Nitrogen - : = 2 : 45 aa te 
Oxygen absorbed from KMnQ, in 4 hours - - - 2°63 5°85 442 
Js eo ee ie vA 16°52 | 
Suspended Solids Fe iy chal eee ists aes a ae ree 
Number of samples analysed for the average = 10. z 
PILTERS.— . 
Number of times the four Filters were filled during the month. - - 179 
Amount of Tank Liquor treated per cube yard per 24hours-. - - 
Average Analysis of Filter Efucnt. 
—— Best. Worst. Average. 
Ammoniacal Nitrogen - 2 - : = ‘ = 2 = pa : 
Albuminoid Nitrogen - - E z _ = ci 
Nitric Nitrogen - - : E : a “ ae ae: ue 
Oxygen absorbed from KMn0O, in 4 hours - - - "86 2°03 1:49 
TA eae : a said 14°25 
Suspended Solids- J a 2 . < : = oe ee: | 
Number of samples analysed for the average = 19. 
Lanp.— (4 
Average Analysis of Final Effluent. 
a Best. Worst Average. | 
Ammoniacal Nitrogen - : - - - a“ — = — 
Albuminoid Nitrogen - - - = é ieee a aa 
Nitric Nitrogen - - : 2 - - —- -- 
Oxygen absorbed from KMnQ, in 4 hours - - - "48 1°26 ‘86 
viet Ay Sooo Ee = me 17°65 


SEWAGE.— 


ROYAL 


Average daily flow : - 
Maximum daily flow - - 


Minimum daily flow 


11 wet days. 


COMMISSION 


RoTHERHAM —continued. 


- Rainfall 
a Rainfall 
: Rainfall 











ON SEWAGE DISPOSAL. 


Total rainfall =- 1°44 inches. 
Average Analysis of Sewage. 

















December, 1904. 


16 


( 



























































— Best. Worst. | Average. 
ee : x al wate) 18 Recs = oi Ss 
Ammoniacal Nitrogen - - : 3 - = 2 = a = 
Albuminoid Nitregon- - - - : e = — = = 
Oxygen absorbed from KMnQ, in 4 hours - - - - 5°46 20°8 11°76 
Suspended Solids - - - - - 2 x : | = = at 
Number of samples analysed for the average = 24. 
Tank Liquor.— 
Amount of Chemicals used during the month - - - - 2 Nil: 
Amount of Sludge removed during the month - . - aoe Nik 
Average daily flow through the Tanks - - : - = : : 
Average number of Tanks in use - - - - - - . - a, 6 
Average Analysis of Tank Lig wor. 
—_— Best. Worst Average. 
oa ; 
Ammoniacal Nitrogen - - - . - i - - — = =e 
Albuminoid Nitrogen - - - . - - - - — — = 
Oxygen absorbed from KMnQ, in 4 hours - . - - 5°28 A 812 
Suspended Solids - - - - : : - — — _ 
Number of samples analysed for the average = 7. i 
FILTERS.— 
Number of times Filters were filled during month. The four Filters were filled 136 times. 
Amount of Tank Liquor treated per cube yard per 24 hours - - - 
Average Analysis of Filter Hjtuent. 
—= Best. Worst. | Average. 
Ammoniacal Nitrogen - - - - = - Se _ 
Albuminoid Nitrogen - - - : - - — se) Ee 
Nitric Nitrogen - - - - - - - - — — — 
Oxygen absorbed from K MnO, in 4 homes sa et = ‘93 7°85 4°03 
Suspended Solids - - - Be ee eee - - — -- 
; Lie er or” “Number of samples analysed for the average == 7. i 
LanD.— 
Average Analysis of Final Hijtuent. 
—— Best. Worst. Average. 
Ammoniacal Nitrogen - - - = 2 : -- _ | A= 
Albuminoid Nitrogen - - - - - “= — | a 
Nitric Nitrogen - : . - - - - = = | — 
| | 
Oxygen absorbed from KMnQ, in 4 hours - - - =i “45 3°74 | 15 


Suspended Solids - - 





During the year 313 loads of ref 


January 18th, 1905. 


Number of samples analysed for the average = 34. 











Purification from Sewage to Outfall = 87°2 per cent. 
An admixture of a trade refuse is the cause of these high figures. 
use and silt were removed from the screens and ecatchpits at the Works. 
Gas liquor again present in the Sewage. 


Jas. H. Kershaw, ¥.c.s., Chemist and Manager. 
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‘4uBVUvIY pure ystureyO | 





“S'O'a ‘anysuay “sawn 











‘Avp aod siaqty | °/,6-88 | °/.80-8L 
80: = exvIOAW 
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Mr. K. F. CaMppElt, M.INST.C.E., called in; and Examined. 


21563. (Chairman.) You are Mr. K. F. Campbell, 
Member of the Institute of Civil Engineers and 
Borough Engineer of Huddersfield ?—Yes. . 


21564. You have kindly come here to-day to speak of 
your experience of the treatment of sewage, with special 
reference to the Huddersfield Corporation Sewage 
Works ?-Yes. 


21565. What, shortly described, is your system of 
sewage treatment at Huddersfield ?—We have two sys- 
tems. One is the open septic tank followed by perco- 
lation filters for filtration, and the other is chemical 
precipitation followed by filtration on the system 
known as double contact. 


21566. What is the population draining to the Hud- 
dersfield works ?—100,000. 


21567. What is the system of drainage? That is 
to say, is the storm water either wholly or partially 
drained into a separate system, and if only partially, 
to what extent ?—The system is the combined one. 


21568. Is there any infiltration of subsoil water into 
the sewers ?—Yes. 


21569. What is the water supply per head, and from 
what source does it come ?—The water supplied by the 
Corporation is as follows: For domestic purposes, 14 
gallons per head, for trade purposes, 9 gallons per head. 
There is also a fairly large quantity of water used from 
wells and borings. eThe water is supplied from the 
Corporation reservoirs, the drainage area of the reser- 
voirs is chiefly moorland, or high mountain pasture and 
millstone grit formation. 


21570. Is it hard or soft water ?—Soft. 


21571. What is the drainage area of the part of the 
town which is sewered ?—About 10,000 acres. 


91572. What proportion of the population use pail 
closets or middens, and what proportion use water- 
closets ?—Seventy per cent. use pail or midden and 
thirty per cent. use water-closets. 


21573. Has the flow of sewage to your works been 
gauged? If so, what is the average number of gallons 
delivered at the works per day of 24 hours in dry 
weather in winter and in summer ?~Yes, the flow has 
at times been gauged. Records in the dry summer of 
1904 show an average of about 7,000,000 gallons. In 
winter the average dry weather flow is about 9,000,000 
gallons per day. 


21574. What is the maximum dry weather rate of 
flow, and at what hour does this occur?—From 
7,000,000 to 12,000,000 gallons during working days, 
usually greatest at mid-day. 


21575. What is the minimum dry weather rate of 
flow, and at what hour does this occur?—From 
3,000,000 to 6,000,000 gallons on Sundays and week 
nights. Usually lowest about midnight. 


21576. What is the maximum wet weather rate of 
flow which you have observed coming to the works, and 
during how many hours has this continued ?—At the 
rate of 53,000,000 gallons per day for a very short time. 


91577. What storm overflows have you on your 
sewers, and at what rate or rates of flow do they come 
into operation ?—Storm overflows are fixed on the 
branch and main intercepting sewers, and come into 
operation in most cases when the sewers are running 
aver half full. The sewers are constructed to carry 

* 4 inch rainfall in eight hours before the storm water 
overflows commence to act. A few of the storm over- 
flows are of the kind known as leaping weirs, and these 
are arranged in accordance with the gradients of the 
sewers on which they are fixed. 


21578. What is the largest number of gallons of 
sewage which have passed the last storm overflow and 
come to your works in 24 hours ?—The highest recorded 
flow has been at the rate of 53,000,000 gallons per 24 
hours. The quantity registered for the full 24 hours 
during which the storm lasted being 18,786,000 gallons 
(measurements were taken every hour and the average 


taken). 
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21579. Can you say what is the volume of water in 
gallons represented by the average yearly rainfall on 
tha drainage area?—Yes, 7,474,896,000 gallons per 
annum. 


21580. Can you give the Commission an approxi- 
mate statement as to (a) the volume of sewage which 
somes to your works during the year; and (b) the 
volume which passes over your overflows?—The quan- 
tity of sewage which comes to the works is 9,000,000 
gallons per day, equals 3,285,000,000 gallons per year. 
I estimate the quantity discharged by the storm over- 
flow at about 1,200,000,000 gallons per year. 


21581. Does the infiltration of subsoil waters into the 
sewers occur regularly, or does it vary with the seasons 
or with the state of the weather; and can you give 
an approximate idea of the extra amount of liquid 
at one and another time entering the sewers from this 
source 2—This varies with the weather and the state of 
the ground. There is besides subsoil water a consider- 
able quantity of clean water from other sources enter- 
ing the sewers, stream waters, overflows from reservoirs, 
condensation water, etc. The amount of extra water 
entering from these sources is on an average about 
2,500,000 gallons per 24 hours. 


21582. How many gallons of trade effluents enter the 
sewers daily (24 hours), and what is the nature of 
these effluents ?—~Approximately, four million gallons 
per 24 hours, of which three millions are derived from 
processes of woollen manufacture, wool scouring, the 
nature of which is chiefly soapy dye liquors, and one 
million derived from other trades, such as cotton spin- 
ning and washing, brewing, curriers, gas works, and 
chemical works. 


21583. Has your authority framed any rules as tq 
the reception of trade effluents into sewers? If so, 
what are they ?Rules have been framed, but up to the 
present the Corporation have been unsuccessful in 
putting these in force. They are as follows :— 


(1) Volume.—The volume of waste waters shall be 
reduced as far as practicable, as for example, 
by keeping condensing water and surface water 
out of the drains. 


(2) All trade waste waters except suds shall first be 
passed through coke filters on the downward 
and upward principle before the Corporation 

can receive the effluent into the sewer. 


(3) Suds in all cases shall be treated for the removal 
of grease, and after sufficient time has been 
allowed for the precipitation of the grease, 
the liquid shall be drawn off by means of a 
floating arm, and after passing through a coke 
filter on the downward and upward principle, 
may be discharged to the sewer. 


(4) The time of discharge shall be so regulated by the 
Corporation that all the trade waste shall 
not discharge into the sewers at the same time. 


(5) A manhole or other opening shall be provided to 
the satisfaction of the Corporation, on the line 
of drain between the mill and the Corporation 
sewer, iand the officers of the Corporation shall 
have the right to take samples at this point, 
and to inspect the tanks at any reasonable 
time. 


- (6) Before commencing any works for the treatment 
of trade waste waters, plans shall be submitted 
to the Corporation for their approval. 


the event of any of the foregoing conditions 
not being complied with, the liberty to dis- 
charge trade effluents shall be ipso facto 
isuspended so long as such non-compliance 
continues. 


21584. Do you find that the trade effluents interfere 
with the process of purification P—Yes, they render the 
purification of the sewage more difficult. The nature 
of the liquids, the chief part of which are soapy dye 
liquors, makes their purification difficult, the trade 
refuse being not so amenable to treatment as domestic 
sewage. ‘The sewage, too, is very variable in composi- 
tion and in volume, due to the irregular manner in 
which the trade refuse is discharged into the sewer. 
The largely increased volume of the sewage to be dealt 
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with, and the solids present in the trade liquids give a 
large quantity of sludge to be disposed of, 


21585. In dry weather, what is the average amount 
of suspended matter in the sewage, and what are the 
highest and lowest figures?—In dry weather the aver- 
age amount of suspended solid matter is about 40-0 
parts per 100,000. The maximum being 82°5 and the 
minimum being 23°5. (These are the figures for a dry 
month.) 


21586. What is the physical character of these solids ? 
—Dark grey, almost black, fine particles that settle 
fairly well. 


21587. Can you give us average analyses of the sewage 
for the years 1903 and 1904 in summer and in winter? 
—The average analysis of sewage in summer 1903 was— 


(April-September) in parts per 100,000. 
Nitrogen from Ammonia free, 0°75—Oxygen absorbed. 4 
hours at 80° F. = 10°66. 2th ' 
Nitrogen from Ammonia Albuminoid—0°677 ; Chlorine 
= 13°6. ‘ 
The average analysis: in winter 1903 (January-March 
and October-December) was :-— 


Parts per 100,000. 

Nitrogen from Ammonia free, 0°83--Oxygen absorbed 
4 hours at 80° F.=8°9. as ane 
Nitrogen from Ammonia Albuminoid 0°453—Chlorine= 

10°6. 
In Summer 1904 (April-September.) 
Parts per 100,000. 


Nitrogen from. Ammonia free, 1:°25—Oxygen absorbed 
4 hours at 80° F.=11°3. ts ies 
Nitrogen from Ammonia Albuminoid 0°675—Chlorine= 

14°4, 


In Winter 1904 (Jan.- March and Oct.—Dec.). 
« Parts per 100,000. 


Nitrogen from Ammonia free, 1°17—Oxygen absorbed 
4 hours at 80° F:=1074. 
Nitrogen from Ammonia albuminoid, 0°601—Chlorine= 

12°43. 


21588. Is it a “strong” sewage, and, if so,. what 
characterises its strength?—-It is not excessive in 
strength, but the character of the trade refuse which 
forms about 30 per cent. of the total volume of sewage 
renders its treatment difficult. 


21589. Does its strength vary very much from hour to 
hour or on different days of the week, and, if so, do 
these variations affect the quality of your final effluent 
to a marked degree ?—There are variations in strength 
almost every hour, due to the irregular rushes of trade 
liquids. During the night, on Saturday afternoons and 
Sundays, and during general holidays, it is of an en- 
tirely different nature to the usual week-day sewage, 
being in the: first case of a weak domestic nature, and 
in the second’a fairly strong manufacturing sewage. 
The effluent during the day does not vary much as a 
mixing process goes on in the tanks. The night and 
week-end effluents are, of course, weaker than those of 
week-days. 


21590. How do you think “strength” of sewage as 
affecting purification is best expressed or measured /— 
(a) By the amount of nitrogenous organic matter. 
(b) By the amount. of. oxidisable organic. matter as 
measured. by the four hours’ oxygen absorption. 
Chiorine should also be estimated to show that the 
sewage and the effluent are identical. 


21591. Have you any information as to the bacterio- 
logical condition of your sewage in dry weather and in 
storm times?’—No reliable information on the point 
at present. Investigations are in operation. 


21592. Are there any chemical poisons in the sew- 
age /—Yes, there are frequently coal tar products, ani- 
line, nitrobenzenes, phenols, etc. The quantities vary, 
some days the whole works are pervaded by the 
characteristic odour of nitrobenzene, whilst at other 
times there is no trace of such an odour, 


21593. Is the sewage always alkaline ?—It is nearly 
always alkaline; at times it is acid for short periods, 
due to the sudden rushing of an acid liquor down the 
sewers. 


EVIDENCE : 


21594. Do you find that the amounts of suspended 
solids are increased or diminished in times of storm ; 
and can you give the Commission the figures at the end 
of each hour during a storm of some hours’ duration ?— 
Yes, and they vary as to the condition of the sewers 
before the storm as well as the rate of inclination to 
which the sewers are constructed. It would, I think, 
be misleading to give figures under this head. 


21595. How many years ago were your sewers laid, 


and do you know whether they have sunk much in | 


places so as to allow solids to accumulate ?—The main 
intercepting sewer was constructed in 1881 to 1886. 
Branch sewers have been constructed at various times 
from that date up to the present time. There are no 
instances where the sewers are sunk so as to allow 
solids to accumulate. 


21596. What is the character of the liquid part of the 
sewage in storm times? Perhaps you could illustrate 
this answer by analyses of the liquid portion of the 
sewage in dry weather and in storm times?—The first 
flush is very polluting for about an hour, after which 
it becomes weaker according to the length of the storm. 
Analyses give the oxygen absorbed of liquid portion, 
after settlement: (a) Dry weather, 8-94; (b) wet 
weather, 5°60. 


21597. In what way or ways do you think the sewage 
which comes to the works should be dealt with in storm 
times? Perhaps I should amplify this question a 
little. The usual requirements of the Local Government 
Board, are, I understand, that any increase in flow up 
to three times the normal dry weather rate should be 
fully dealt with by the ordinary complete plant, and 
that a certain number of additional dilutions—up to 
a total of six—should be treated on special storm filters. 
Do you think these are proper requirements, or do you 
think they should be modified in any way? It is, I 
believe, often found that the storm sewage which first 
comes down to the works contains a largely increased 
amount of suspended solids, and I should like to know 
whether you consider that your ordinary (dry weather) 
plant is exposed to damage in any way—as ¢.g., rapid 
choking—by having to deal with this amount of storm 
sewage, and whether you think it would be better to 
adopt some other treatment. Although the storm sew- 
age, including the suspended solids, is a very polluting 
liquid, possibly the liquid portion alone is not very 
polluting, and this suggests that settlement of all the 
sewage arriving at the works in time of storms in tanks 
for a few hours, after, possibly, the addition of 
chemicals, might perhaps be a better plan of treatment 
than passing a portion of it through the ordinary plant, 
and the balance through storm filters. Would such 
settlement alone be sufficient for the whole of the sew- 
age arriving at the works in times of storm ?—The re- 
quirements of the Local Government Board appear te 
me to work satisfactorily in the majority of cases. 
There are instances, however, where the conditions 
laid down by the Board can only be adopted with con- 
siderable difficulty on the part of local authorities, for 
the reason that the treatment by the ordinary plant of 
three times the normal dry weather flow must expose 
the plant to a certain amount ‘of damage, and 
therefore I think the Board’s requirements might 
be modified so as to provide for the treatment 
of any surplus over the dry weather flow, and 
up to six times that volume, in  sedimenta- 
tion tanks, and then on storm beds specially +pro- 
vided for that purpose. When the storm sewage is not 
very polluting, it should be dealt with in the manner 
suggested rather than by the ordinary plant. 
times the dry weather flow the storm water could go 
direct into the river. 


21598. What shape and size are your storm overflows ? 
—Cireular in shape, and from 2ft. Oin. to 3ft. Qin. in 
diameter... 

21599. Would it be possible to have a standard form 
of overflow ’—It would not be possible. 

21600. Do you think that the point at which storm 
overflows should come into operation should depend on 
the configuration of the land, e.g., whether it-is hilly or 
flat, etc., and upon the character of the surface soil 
geologically ?—The better test would be to fix storm 
overflows to a certain fixed volume of flow independent 
of the configuration or character of the ground. 


21601. Should storm overflows be fixed or movable? 
—Fixed. 


21602. Do you think the number of dilutions at 
which storm sewage may properly be allowed to pass 
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into the stream should be dependent upon the size and 
nature of the stream into which the storm sewage would 
pass? Is it possible, for example, that in some cir- 
cumstances no injury to the stream would be caused by 
allowing overflows to come into operation when the in- 
creased flow was slight while in others this would not 
be the case ?—This would depend entirely upon the size, 
nature, and location of the stream. It 1s quite possible 
that in some cases no injury to tne stream would be 
caused by admitting storm overflows at slightly in- 
creased flows, whilst in others it would be dangerous 
to public health. 


21603. What are your views as to the comparative 
cost and advantages of the separate and combined 
systems of sewers?—This depends entirely on’ the 
method of treatment. It is impossible to fix a general 
' rule in such cases. ; 


21604. Is the Huddersfield sewage settled, and, if so, 
how; i.e., by quiescent settlement or continuous settle- 
ment; and what length of time does it stay in the 
tanks or take to pass through, as the case may be? 
Would you kindly give an average analysis of the tank 
liquor, including the figures for suspended solids ?— 
Settlement by sedimentation alone has not been tried 
to any great extent. For a short period the septic tank 
was used at about twice its ordinary rate (i.e., 10 hours 
in tank instead of 24 hours), when practically only a 
settling action went on. The ‘results in this case were 
_ practically the same as in the case of septic action. 


21605. Have you data to show what proportion of the 
suspended matter in your sewage is settled in 3-hour, 
1, 2, 3, 4, 5, 6, 12, and 24 hours, if the sewage is given 
quiescent settlement ?—I have no reliable data. 


21606. What time would be necessary for you to gain 
a good tank liquor containing, say, no more than 6 or 8 
parts of suspended solids per 100,000 from your sewage 
(without the addition of chemicals) by quiescent settle- 
ment and by continuous flow settlement ?—Hight hours 
by continuous flow. 


21607. Do you prefer to use settlement tanks in series 
or in parallel —In parallel. 


21608. In the case of continuous flow tanks, do you 
think there is any advantage in the employment of 
baffling boards or walls ?—There is a slight advantage in 
the employment of baffling boards; they prevent the 
sludge from accumulating at the outlet end of the tank. 


21609. How is the sludging of tanks done at your 
works, and what is the character of the sludge? Does 
any nuisance attend the operation, and, if so, is it 
serious? Have you means of storing sludge, or do you 
have to get rid of it as soon as it is removed from your 
tanks ?—The clear liquid is run off by means of floating 
arms, and the sludge removed by means of sludge con- 
duits to a receiving chamber, raised by compressed air, 
pressed and burnt—a most costly arrangement. We 
have used sludge lagoons, in which additional septic 
action takes place without the least nuisance attending 
the operation. 


21610. Should the heavy (road detritus, etc.) portion 
of the suspended matter in sewage be removed as a first 
operation, or do you think it better and more economical 
to let everything settle in the tanks, and subsequently 
to screen the sludge?-—Certainly, all grit should, -in 
ae instance, be removed by the aid of detritus 
tanks. 


21611. What is the manurial value of your sludge, 
and will farmers take it?—It has no manurial value, 
and farmers will not take it in this district, 


21612. Are there any chemical poisons in it?—None. 


21613. Do you find any nuisance from the treatment 
of sewage in settlement tanks? Have any complaints 
been made ?—No. ; 


21614. Have you had experience of the chemical pre- 
cipitation of sewage ?—Yes, for 26 years. 


21615. Have you any reason to think that sewage 
from which the solids have been removed by the aid of 
chemicals is less easily purified by subsequent filtra- 
tion than sewage from which the solids have been re- 
moved by settlement or by passage through septic 
tanks ?—No ; generally T have had as good an effluent 
from the contact beds, treating chemically precipitated 
sewage as from these treating septic tank effluent. 
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21616. Have you tried various chemicals? Can you 
give any comparative data on the practical value and 
cost of different precipitants for the preliminary treat- 
ment of sewage, stating whether you are referring to the 
precipitation of strong or of weak sewage 2—Yes.  Fer- 
rozone used and quickly abandoned. Cost about £4 
per million gallons, and gave a purification of 31 per 
cent., as measured by the albuminoid ammonia. Treat- 
ment with lime and copperas was successfully adopted 
for seven years ata cost of about 17s. 11d. per 1,000,000 
gallons, and purification 54 per cent. Very satisfac- 
tory. The percentages here given are based on the 
workings under same conditions of sewage. 


21617. What is the most effective way of adding 
chemicals }—In the case of lime, the most effective way 
is to apply it.as milk of lime, and to discharge it into 
the sewage from five to ten minutes in advance of the 
copperas. 


21618. What is the average. analysis of the liquor 
from your precipitation tanks, and what length of time 
does. the sewage remain, in the tanks?—The average 
analysis of tank effluent from chemical precipitation 
and.subsidence is as follows :— 


Pts. per 100,000. 


Nitrogen from free and saline ammonia - 1.21 
Nitrogen from albuminoid ammonia - 0°528 
Chlorine - = - - - 11°70 
Oxygen absorbed in 4 hours at 80° F. - 5°74 
Solids in suspension - - - - 7:04 


The period of settlement in the tanks is six hours. 


21619. What is the character of the suspended matter 
in such liquor?—The solids in suspension are usually 
finely divided matters which are difficult to entangle 
in the precipitate. 


21620. Do you find it necessary to add further 
chemicals to the sludge before it can be dealt with? If 
so, for what reasons, and what chemicals do you use 
and how are they added ?Yes; lime is used to render 
the liquid sludge more manageable before pressing. It 
causes a better separation of the solid matter. The 
lime is slaked and made into a cream with water ; this 
is run into the ram along with the sludge, and the 
whole forced by compressed air into the presses. 


21621. What is the manurial value of the sludge 
obtained by the chemical precipitation of the sewage 
at your works, and will farmers take it ?—The sludge 
has not much manurial value, owing to the presence of 
a fairly large quantity of fatty matter, which forms 
about 20 per cent. of the dry, solid matter, 


21622. Does it contain any chemical poisons ?—No. 


21623. Do you find any nuisance from the treatment 
of sewage in chemical precipitation tanks? Have any 
complainis been made?—No ; there is no nuisance, and 
no complaints have been made. 

21624. As regards septic tanks, how should they be 
shaped ?—Long, rectangular. 

21625. Should they be divided into sections ?—If 
space is not available for a good length it is advisable 
to have tanks divided into sections in order to slacken 
the flow. 

21626. Should they be used in series or in parallel ?-— 
In parallel. 

21627. Is a scum necessary or desirablé?—A scum is 
not necessary. 


21628. Should the septic tank be closed in, and, if 
so, what advantages does a closed tank possess over an 
open one?—There is not the slightest advantage in a 
closed tank. ‘There are many disadvantages, such as 


_ danger and cost. 


21629. What do you’ consider the best arrangement 
for the “feed” and “ draw-off ” ?—Delivery a few feet 
below the surface of the liquid, so as to minimise the 
disturbance of any deposit, forms the best arrangement 
for feed. For thedraw-off, a long pipe with a slot on 
‘the under side, the effluent to pass over a lip or sill, so 
ee allow for aeration before discharging on to the 
filters. 


21630. At what rate is sewage, as a matter of custom, 
passed through your septic tanks? —The tank deals 
with a volume equal to its own capacity every 24 hours. 


21631. What,is the most advantageous rate of flow 
through septic tanks,’and what is the rate of flow at 
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which quicker passage through the tanks becomes, in 
your opinion, distinctly disadvantageous? Do you 
think that the rate of flow should depend on the 
strength or character of the particular sewage which is 
being dealt, with ?—For an average sewage, 24 hours in 
the tank is the most advantageous. Any rate below 
12 hours in the tank is disadvantageous, for the reason 
that complete septic action cannot be obtained under 
12 hours, and by leaving the sewage in the tanks more 
than 24 hours does not produce any better results. 
Weak sewage can with advantage be passed through the 
tanks at a much greater rate. 


21632. Is it possible to “ over-septicise” a sewage, 
and, if so, for what reasons, and how is the “ over-sep- 
ticising” brought about?—Yes; the products formed 
by over-septicising being injurious to the nitrifying 
organisms in the filters. This is brought about by 
carrying the septic action too far. 


21633. What is the amount of digestion in your sep- 
tic tanks, and how do you calculate this?—About 358 
per cent. of the solids deposited in the tank. This is 
calculated by measuring the sludge left in the tank 
after a known volume of sewage has been passed 
through, estimating the solids in the sewage and in the 
tank effluent during the period, and so calculating the 
quantity of solid matter deposited. The quantity 
deposited less the quantity found being the amount 
digested. 


21634. Do you think a certa'n amount of sludge 
should be removed periodically from septic tanks, or'do 
you prefer to work them for a considerable period with- 
out cleaning and then remove all the sludge ?—I think 
it better to let the sludge accumulate until there is a 
marked increase in the suspended matter coming away 
with the tank effluent. Then I think the bulk of the 
sludge should be removed, but not the whole of it, as 
some should be left in to set up septic action more 
readily when the tank is refilled. 


21635. How often would you clean out the tanks ?— 
The time will vary with the state of the weather and 
other conditions, but I should say about every six 
months, 


21636. How do you think the sludge should be taken 
out. of the tank, and how should it be disposed of? 
Does any nuisance attend the operation ?—The best way 
is to run it out by means of a sludge valve at the bottom 
of the tank, and dispose of it either by pressing and 
burning or by depositing in lagoons, the latter provided 
special facilities are offered for such a process. No 
nuisance can be caused by pressing and burning, nor 
have I found any to prevail by depositing the sludge in 
lagoons. In the latter ease, much depends on the 
quantity of sludge to be disposed of and the locality. 


‘21637. Do you find that the suspended solids coming 
away with the tank liquors tend to increase in amount 
towards the end of the period of working, 7.e., as the 
time approaches for removing sludge from the tank ?— 
Yes, the suspended solids increase towards the end of 
the period. This is taken as an indication that the 
tank needs sludging. 


21658. What amounts of suspended solids, stated in 
parts per 100,000, are contained in your septic tank 
liquor at the commencement of the period of working 
the tank, i.e., just after the tank has been cleaned out, 
and at the end of period, 7.e., when the tank is thrown 
out of use for the purpose of cleaning out, and what is 
the average amount ?—An eleven months trial gave the 
following :—(a) At commencement: suspended solids 
=6°6 parts per 100,000; (b) at end: suspended solids 
=23°5 parts per 100,000; (c) average during period 
=13°2 parts per 100,000. 


21639. Should any portion or the whole of the sewage 
which arrives at the outfall works in storm times be 
passed through the septic tanks ?—It is not advisable 
to pass the storm water through the septic tanks. 


Met sal 


21640. If storm sewage is passed through a septic 
tank, does this cause an increase in the amount of 
suspended solids issuing from the tank, and, if so, 
can you give us figures (in parts per 100,000) showing 
what the increase is?—I cannot give figures, but be- 
lieve the solids will remain in the tank under a certain 
rate of flow. ff 


21641. May you admit storm sewage to your septic 
tank, to an extent which raises the Ordinary level of 
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the liquid, without serious detriment to the functions 
of the tank?—It would impair septic action for a 
time. 


21642. With certain automatic gear the level of the 
liquid in a septic tank fluctuates. Have you made any 
observations for the purpose of determining whether 
such fluctuations disturb the proper working of the 
tank in any way, as e.g., by causing an increased 
amount of suspended solids to issue from the tank ?— 
I have no information, 


21643. Do you find that septic tank liquor is more 
easily treated on filters than settled sewage or than 
precipitated sewage, assuming that in each case you 
have the same amount of suspended solids in your 
tank liquor? Kindly state what observations you have 
made on this point, along with what you consider the 
reasons for advantage or disadvantage of the one or 
other process ?—On the assumption that in each case 
the suspended matter in the tank liquors are the same, 
septic tanks prepare the sewage better for the beds 
than either settlement or chemical precipitation. This 
is, of course, assuming that the sewage is not avid or 
strongly antiseptic, in which case there would be no 
septic action. The usually increased quantity of 
free ammonia indicates that some of the complex nitro- 
genous bodies have broken up, and present themselves 
in a form more favourable to oxidation than before, 
much of the organic matter is given off as gas, whilst 
the remainder seems to be more easily acted on by 
the aerobic bacteria than would be the case if no 
anaerobic action had taken place. 


21644. Are the impurities in solution in-sewage mate- 
rially different from the impurities in solution in 
septic tank liquor?—Yes. Tne complex bodies present 
in sewage are reduced, there being a very much smaller 
albuminoid ammonia and a smaller quantity of oxygen 
absorbed than in settled sewage, whilst the free am- 
monia is higher. 


21645. Have you any data on the relative value of 
plain septic tanks and septic tanks filled with rough 
stones or flints ?—No. 


21645*. Do you find any nuisance from the treatment 
of sewage in septic tanks? Have any complaints been 
made ?—There has been no nuisance, and no complaints 
have been made. 


21646. Do you think it desirable that the suspended 
solids in sewage should be removed, as far as prac- 
ticable, before sewage is filtered? If so, what do you 
consider a practicable limit to get down to? Kindly 
give the figures in parts per 100,000?—Yes, it is most 
desirable that the suspended solids should as far as 
possible be removed before applying the sewage to the 
beds. I think 6 to 8 parts per 100,000 of suspended 
solids is a practicable limit to reach for a tank effluent. 


21647. How do you consider that this can best be 
done ?—The effluents from chemical precipitation tanks 
are most free from suspended solids. If, however, a 
septic tank could be so arranged that a portion of the 
sludge near to the outlet could frequently be removed, 
equally good results might be obtained. 


21648. Have you any experience of any mechanical 
device or any special tanks for freeing liquor of sus- 
pended matter before delivering it to filters?—None of 
any value. 


21649. What other, if any, method of dealing with 
tank liquor before delivering it to filters do you regard 
as necessary or advisable ?—None. 


21650. May I ask you to put before the Commission 
a full statement of your views as to the comparative 
cost and relative advantages of the various methods 
of settlement? I am not sure whether it would be pos- 
sible for you to make this comparison on the assump- 
tion that in each case you reduce the same sewage down 
to the same figure for suspended solids, but if this could 
be done it would be useful to include a comparison on 
this basis. Kindly include the following methods so 
far as you have experience of them :—Quiescent settle- 
ment without chemicals; quiescent settlement with 
chemicals ; continuous flow settlement without chemi- 
cals; continuous flow settlement with chemicals; 
septic tank treatment ?—Of the two methods of settle- 
ment named, the continuous flow is the better, as this 
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requires little or no attention, whilst on the quiescent 
system the tanks must be run off and filled up from 
time to time. On the assumption that by each of the 
methods mentioned the same amount of suspended 
solids will be present in the tank effluent, it would be 
a waste of money to use chemicals at all, as precipita- 
tion only gets rid of matter in suspension. By chemical 
methods the process would be much quicker, so that it 
therefore becomes a question of initial cost, standing 
charges, and space. Septic tanks are, on the whole, 
the best arrangement. The initial outlay will, of 
course, be larger, but considering sludge production 
and subsequent purification of the tank effluent, to 
gether with the attention required, I think the annual 
cost will be very considerably less than with the other 
methods named. 


21651. As regards contact beds, is it advisable to 
construct the whole or any part of the interior of build. 
ing materials, or may you in some cases dispense 
with this entirely ?—I think it is advisable to employ 
building material in the construction of contact beds 
if it ‘aay be considered advisable to use such beds 
at all. 


21652. Do you find that within certain limits the 
depth of contact beds may vary without affecting their 
efficiency? If so, what limits do you think are per- 
missible ?—They should not be of a greater depth than 
Aft. 


21653. What do you consider is the most convenient 
size for a contact bed ?—About one acre. 


21654. What do you find to be the best filtering 
materials? What is the material (which can be had in 
practicable quantity) that, while efficient, is in your 
experience the least disintegrable in a contact bed ?— 
Good hard clinker that will not disintegrate. 


21655. What size should the filtering material be, 
and should it be graded in the beds?—It should not 
be too fine, and should be graded in the beds. I should 
suggest for top 6 in. fine clinker (4 in. to 3 in.); for 
middle 2 ft. 6 in. medium clinker ¢ in. to 3 in.); bot- 
tom, 6 in. rough clinker (5 in. to 6 in.). 


21656. How should the bottom of the bed be con- 
structed ?—Of concrete, with a slight fall, and under- 
drained with perforated pipes. 


21657. Do you think it generally desirable that 
sewage should be subjected to some form of tank treat- 
ment before it is put on contact beds ?—Yes, certainly. 


21658. What periods of filling, standing full, empty- 
ing, and standing empty do you consider best in prac- 
tical working for primary beds and for secondary 
beds ?—For primary beds one hour filling, two hours 
standing full, one hour emptying, and four hours rest- 
ing. The secondary bed at Huddersfield has generally 
been through a similar cycle to the primary bed, as one 
is fed directly from the other. 


21659. How should contact beds be filled and emptied 
—They should be fed by means of distributing troughs 
so arranged as to give pretty equal applications to 
each section of the bed. They should be emptied by 
means of a valve placed at the foot of the bed. 


21660. If you have had experience of automatic gear 
for filling and emptying contact beds, would you kindly 
give your views of such gear?—In my experience ail 
the automatic gear at present on the market falls short 
of what is required for successful operations for filling 
and emptying contact beds. 
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21661. What amount of tank liquor per cubic yard 
of filtering material can in practice be properly treated 
in a primary contact bed per 24 hours? If the amount 
varies with the quality of the tank liquor, please say 
by analytical figures what quality of tank liquor you 
are assuming, and how differences in the tank liquor 
affect the amount that can be properly treated ?—The 
amount of sewage which can be treated per cubic yard 
of filtering material varies naturally with the strength 
and nature of the sewage and tank efiluent. It is pos- 
sible to treat much more in the early morning or 
during week ends and general holidays than on ordinary 
week-days. The amount also depends on the rate of 
silting up of the beds. The beds treating chemically 
precipitated sewage having an average of suspended 
solids of 7:0 parts per 100,000 have after a period of 
three years 31 per cent. of the original liquid capacity 
of the tank, whilst the bed treating septic tank 
effluent, with an average of 13-2 parts per 100,000 of 
suspended matter, has only 25 per cent of the original 
water capacity of the tank. From these figures, and 
reckoning on three fills per 24 hours, 156 gallons per 
cubic yard of effluent from chemical precipitation 
tanks and 126 gallons per cubic yard of septic tank 
effluent can be treated daily. Differences in tank 
liquor affect the amount-that can be treated: (1) By 
reason of strength, the weaker the tank effluent the 
quicker the treatment; (2) by reason of suspended 
solids, those having more suspended matter causing 
the beds to silt up more rapidly than those with less. 
These quantities are for beds dft. 6in. deep. 


21662. What amount of liquor from a primary bed 
can in practice be properly treated on each cubic yard 
of filtering material of a secondary bed in 24 hours? 
—The fine bed has a capacity which is 33 per cent. of 
the original water capacity of the tank, and for a bed 
Sft. 6in. deep, having three fills a day, 166 gallons per 
cubic, yard may be treated. It is, of course, possible 
to treat the effluent from the primary bed more rapid'y 
on the fine bed than has been done at Huddersfield, 
in which case perhaps four or five fillings a day may 
be reckoned on. 


21665. Can these quantities be increased by more fre- 
quent filling and emptying in times of storm without 
impairing the efficiency of the beds or the quality ot 
the effluents ?—These quantities may be increased in 
times of storm without impairing. the efficiency of the 
bed. The first flush of storm sewage, which is very 
polluting, should net be allowed on to the beds, but 
afterwards, as the sewage becomes more dilute, five or 
six fillings a day may be given with fairly good results. 


21664. Is.one.contact sufficient for the conversion of 
certain tank liquors into a satisfactory effluent ?—For 
weak tank liquors, such as are usual in times of heavy 
storms, week-ends, and nights, one contact is suffi- 
cient. Tank liquors having ‘an oxygen absorption of 
from two to four parts per 100,000 with one contact 
give effluents with from 0°5 to 14 parts per 100,000. 


21665. At what rate or rates do primary contact 
beds and secondary contact beds lose their water-hold- 
ing capacity!—-The beds lose their capacity very 
rapidly at first, and then remain fairly constant for 
some time, the coarse bed at between 20 and 30 per 
cent. of original capacity of tank and the fine bed at 
about 53 per cent. of original capacity of tank. After 
the end of three years’ working the capacity of the 
coarse bed gradually dropped from 25 per cent. to 16 
per cent. of original tank capacity at the end of the 
fourth year. On resting the beds the capacity in- 
creases slightly; but soon falls off again. The follow- 
ing are the records of capacity of beds treating effluent 
from open septic tank. 
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CAPACITY OF COARSE BED. 
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s  ectdawn a ki _Capacity im ag ral ae. | de Weeks Number of 

10 May, 1905. in Gallons. Empty Tank. in Operation. Fills. 
why ea phwpeye ty sp OO Pag ie fe Weare Bega OU 
Empty tank - - = 2 - s = i 6,739 100 ees ne 
August 22nd, 1900 - roa » eee Ps 3,987 59 Initial water capacity. 
September 24th, 1900 . » . - - - 2,956 at 5 — 
November 13th, 1900 - + + =e 4% 2,730 41 12 _ 
January 14ih,:290l grat sit ton tase sou Lor eas 2,520 37 21 — 
March 11th, 1901_ = = T= - wo jie - 2,150 32 29 = 
oril 15th; 190): = ty ong oe ee 2,030 30 34 ee 
June 4th, 1901 (after 4 weeks’ rest) - Gea: - - 2,560 38 41 _ 
Hime 20th :1901 1a Wr Shih), Hey eee ee 2.990 33 42 — 
June UthAG0ly 2 «25 Saed-diesela ae we 2130 32 44 — 
July Sth; lOO) ni oneleho.cals Oe Guinea =elek aoe 2,000 30 46 = 
gust FOUN, 1001 ee secu geen eee, oa 1,900 28 52 ~ 
September 24th, 1901 = =» =» + «© « 1,820 27 57 =e 
October 2] sil 90 leatiegnas setae eet: ieee 1,800 27 | 61 - 
November 25th, 1001. = cuwan-e ean Pats p= lebfe LOD 27 66 _ 
December 16th, 1901 - " = - . - 1,670 25 69 So 
Sannany [Sth TON2 see Me ee eee es 1,770 26 73 =— 
February 14th, 1902 (after 2 weeks’ rest) - - 1,950 29 T7 + 
March 11th,"1902 |. 2F +) EP Sag eames 1,620 24 81 — 
May 26th (after 4 weeks’ rest) - » Cee - 2,270 34 92 _ 
June 10th, 1902 - - - - > = - 1,940 29 94 a 
June 30th,-1908 ustsormiewew feat o¥sbe be 2.140 32 97 es 
July 2s, 1902.0) cir Pab-lls ateh-deced semakweinte 2,000 30 99 a 
August 5th, 1902 « . » . * « - 1,940 29 102 _ 
October 6th, 1902 © 205 6m ae ea 1,740 i 26: lll ae 
October 27th, 1902 + - afte rate - 1,750 26 114 — 
December 22nd; 1002 /s..= dileush scak=tieaseade 1,610 24 122 am 
January 8th, 1903 (after 2 weeks’ rest) - - §£ 2,050 30 124 —_ 
January 32th,19031% afer am ela Sheer fee 1,870 28 125 se 
March 4th, 903 - - . “ail t=—" vs : 1,680 25 132 — 
April DOE S1003 cone tie gee Ls he ee 1,620 24 135 2 weeks’ rest. 
Tun 16Eks. 1903 We AO ee nee 1,580 23 143 — 
Septem* er 21st, 1903 - - - . “ - 1,580 23 157 = 
November 9th, 1903 “sr. senit@ sam the ae te 1,530 23 164 ok 
‘Tonuary A9th, 1904. ain vstsh mage welikeciats 1,430 21 174 is 
Dopril 11GB, 1904. “oo = ste i dade Sn le 1,390 21 186 _ 
May 16th, 1004-9 -n0y 0 = ap a ae 1,280 19 191 neck 
August 29th, 1904.» =~ « © « = = 1,060 16 206 Rested 1 week 
October 3rd, 400k cu- |)  e  e r t 1,130 17 211 me 
December 29th, 1904 ee a a dl a ae 1,026 16 223 Rested 3 weeks 





With the exception of a short period at the com- of rest the bed had been filled three times per day 
mencement of the experiment and the eighteen weeks during six days per week. 
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November 25th, 1901 : . : “ - - 2,340 35 66 _ 
January 13th, 1902 - Stet oer - “ . » 2,280 34 7B: —_ 
December 22nd - . goin. « « * - 2,160 32 122 6 weeks’ rest, 
: ; 2 in February 

and 4 weeks 

in May. 
March 4th, 1903 . " “ Agata > - 2,200 EA 132 2 weeks in 





The bed is filled directly from the primary bed, and keep back some of the suspended solids in the effluent 


has been treated in the same manner as regards filling 
and periods of rest. 


from first contact. 


The tank li is tl h ic tank. 
A small catch-pit is placed between the two beds to poe tar te Beat yey Sore aap s cane 
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Nitrogen Nitrogen aan 
oe. poe FEERE oe in Four Chlorine. 
An monia. Ammonia. Stee ga 
80° F. 
Open Septic Tank - - - - - . - 191 0-499 616 12°10 
Ist Contact Effluent . - - - : - . 0°73 0:263 3°00 — 
2nd Contact Effluent - - - - : 0°18 0°156 1°53 12-00 
Suspended Solids in Tank Effluent = 13:1. 


ats Suspended Solids in 1st Contact Effluent = 6°4 (mostly settled before going on to bed). 


21666. Is the loss of capacity in direct proportion 
to the yolume treated and the amount of suspended 
solids contained in the liquid which is put into the 
bed or to the fineness or coarseness of the material 
of the bed, or on what does it depend?—It varies 
directly with the quantity of sewage treated, and alsu 
with the suspended solids, but not in any fixed pro- 
portion. The fineness or coarseness of a bed will 
also make a difference, as in coarse beds the solid 


then I am not prepared to say that the processes named 


will be effectual. 


21669. What is the average analysis of your single 
contact bed effluent and your double contact bed . 
effluent ?—The average analyses are as follows :— 


EFFLUENT FROM SINGLE.ConrTact. 


matter has more chance to get to the bottom of the (a) After Chemical Precipitation and Subsidence: 
bed and to be washed away with the effluent. The loss Parts per ~ 
also is partly due to degradation and consolidation of 100,000. 
the material of the bed. Nitrogen from ant mange spaneh . 0-43 

21667. Can the material of a clogged bed be washed, SatrOgery (rpnt ee ea oF “Se 
and, if so, how can this best be ee and at what cost 2 ‘La gem absorbed. km four, Lowis iateGle Be Se re 
per ‘cubic yard ?—This arrangement can be done, and olids in suspension © .- & : : r 
I have done it, but the cost is prohibitive, and should ; 
not be entertained. (b) After Open Septic Tank. 

21668. How can the capacity of contact beds be best Parts per 
maintained ?—By keeping the suspended solids in the 100,000. 
tank effluent as low as possible, and by having a layer Nitrogen from free saline ammonia = - - 073 
of fine material on the top of the bed which can from Nitrogen from albuminoid ammonia - - 0,263 
time to time be removed and renewed. Also by select- Oxygen absorbed in fourhours - - - 3.00 
ing material for the beds which will not readily dis- Solids in suspension + - - = = 6.43 


integrate, and by frequent resting of the bed. Even 
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EFFLUENT FROM DovuBLE CONTACT. 


(a) After Chemical Precipitation and Subsidence. 


Parts per 

100,000. 
Nitrogen from free and saline ammonia” - 0:09 
Nitrogen from albuminoid ammonia - - 0083 
Nitrogen from nitrates and nitrites - - 0°86 
Chlorine - - - - - - - 12:00 
Oxygen absorbed in four hours - - - 110 
Suspended solids - - - - - eal 

(b) After Open Septic Tank. 

Parts per 

100,000. 
Nitrogen from free and saline ammonia - - 0°18 
Nitrogen from albuminoid ammonia - - 0°156 
Nitrogen from nitrates and nitrites - - 0-49 
Chlorine - - - - - ~ - 120 
Oxygen absorbed in four hours” - - - 1°53 
Solids in suspension” - - - - - 1°86 


21669*. Please state the number of gallons of liquid 
treated daily per cubic yard of filter material in your 
first bed, and the number of gallons treated daily per 
cubic yard of filter material in the two filters ?—The 
average quantity treated per cubic yard for the three 
years 1902-5-4 has been— 


(a) After Chemical Precipitation. 
186 gallons on coarse bed. 
100 gallons for double contact. 


(b) After Open Septic, Tank. 
105 gallons on coarse bed. 
71 gallons for double contact. 


21670. Do you find any chemical poisons in your 
final effluent ?—No. 


21670*. What is the average amount of suspended 
matter in the primary bed effluent and the secondary 
bed effluent? Does most of this suspended matter 
come out with the first flush or not ?—The amount of 
suspended matter in 


(a) Primary bed is on an average 
54 parts per 100,000 after chemical treatment. 
64 parts per 100,000 after open septic treat- 
ment. And in 
(b) Secondary bed is 
21 parts per 100,000 after chemical treat- 
ment. 
1°86 parts per 100,000 after open septic treat- 
ment. 


Most of the suspended solids come out in the first five 
minutes. 


21671 To what extent do you find that the organic 
matter of the susjpended solids issuing in the effluent 
from a contact bed is different from the organic matter 
of the suspended solids going on to that bed ?—The 
solids coming out are usually non-putrescible. 


21671*. Is the first flush of effluent from either set of 
beds ever putrescible ?—From primary beds it is very 
probable indeed that the whole of the effluent is 
putrescible, except in case of very weak tank liquors. 
I have no information as to putrescibility of effluents 
from different sections of the bed. Sometimes, how- 
ever, the effluent from the second contact ‘is slightly 
putrescible, and this may be due to the first flush 
being putrescible. 


21672. Do you find that by increasing the number of 
fillings in storm times or other times the amount of 
suspended solids is increased ?—I have no information 
on that point. 


21673. May contact beds in times of storm be used 
as streaming filters without detriment to their cus- 
tomary efficiency, and, if so, do you think there are 
advantages in so working them ?—Not unless they are 
constructed of coarse materials. 


21674. What was the cost of your contact bed in- 
stallation per acre, and how much liquid do you treat 
per acre per 24 hours in ordinary times and in storm 
times?—The cost of the contact beds per acre was 
£1,700. The area of contact beds required to treat 
1,000,000 gallons in ordinary times is 2°20 acres. Tho 
area required to treat 1,000,000 gallons in timés of 
storm is one acre. This is on the basis of double con- 
tact with beds 3ft. 6in. deep. 
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21675. Have you made any experiments which throw 
light on the action of contact beds when full and when ~ 
resting ?—No. 

21676. Have you made a study of the conditions of 
aeration of contact beds, and, if so, with what results ? 
—TI have made experiments without satisfactory results. 


21677. Do you find any nuisance from the treatment 
of sewage on contact beds? Have any complaints been 
made ?—No. 


21678. As regards continuous or percolating filters, 
what do you find are the best filtering materials, and 
what size should the material be ?—A good hard clinker 
which will expose a good filtering surface, and which 
will not disintegrate. The bed should be fairly coarse, 
the material used being rejected by a 14-inch mesh. 

21679. What depth should a’ percolating bed be to 
obtain a good effluent ?—The experimental bed-at Hud- 
dersfield is 7 ft. deep and gives usually about 90 per 
cent. purification. 

21680. Do you think it generally desirable that sew- 
age should be subjected to some form of tank treat- 
ment before it is put on percolating filters ?—Yes. 


21681. Is the material better disposed in the form of 
two beds, to be fed in succession with the same liquid, 
or in one dep bed ?—One deep bed of an acre in extent 
is required for large works. 

21682. How should percolating filters be fed ?—By 
some form of distributor which will spray the tank 
effluent evenly over every unit of area of the bed. This 
is a matter to which I have given a great amount of 
attention, and I have patented a spreader which pro- 
vides for an equal distribution of the sewage all over 
the bed during all conditions of weather. The distri- 
butor covers one acre of filter bed. 

21683. Should the feed be intermittent or con- 
tinuous ?—The spreader provides the rest required in 
its revolving action. 

21684. What is the best form of distribution, and 
what are the conditions which have to be fulfilled by a 
perfect distributor ?—The form depends on the shape 


and size of the filter. A good distributor should fulfil 
the following conditions :— 


1. Every square yard of the bed should receive 
exactly the same dose of liquid in the same 
interval of time. 


2. The liquid should be sprayed on to the bed in 
small jets or as a fine rain. 


3. There should be no small holes to get easily 
clogged up. ~ 

4. There should be no complicated mechanism to 
get out of order. 


5. They should work as well in high winds or frosty 
weather as in calm and warm weather. 


6. No automatic arrangement possible except for 
small areas, and even then distributors now in 
use are subject more or less to weather condi- 
tions, 


21685. Do you think it best to put on the filter a 
fairly constant amount of liquid, or do yeu consider 
that the amount can be increased in times of storm 
without impairing the efficiency of the filter or the 
quality of the effluent ?—The amount may be increased 
in times of storm without impairing the action of the 
bed or quality of the effluent. In fact, the increased 
quantity will tend to flush the bed out and remove any 
solid matter that may have accumulated. 


21686. Is there any practicai advantage in artificially 
heating the liquid which is being treated upon per- 
colating filters?—No. | 


21687. Have you had any experience to show whether 
open sides are an advantage to a percolating filter ?— 
Yes, open sides are essential. 


21688. Have you made any study of the conditions 
of aeration of percolating filters ?—No. 

21689. What do you consider is the most convenient 
superficial area for a percolating filter ?—One acre. 

21690. Do you think it desirable that the bottom of 
a percolating filter be raised from the ground ?—Yes, 
to allow the effluent to get away rapidly and to ensure 
good aeration. 

21691. Do percolating beds, in your experience, 
choke ?—Properly constructed, they do not choke. 
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21692. Of what nature are the suspended solids in 
the filter effluent? How much is organic matter, and 
are they putrescible apart from the liquid portion of 
the etfluent ?—The solids are brown earthy matter, and 
easily settle. About 55 per cent. is organic matter 
(that is of dried solids). They are not putrescible. 

21693. To what extent do you find that the organic 
matter of the suspended solids issuing in the effluent 
from a percolating filter is different from the organic 
matter of the suspended solids going to that filter ?— 
The solids are more of a granular nature and are non- 
putrescent. 

91694. Have you any experience of, or any sugges- 
tions to make on, the settlement or other separation 
of the suspended solids issuing from a percolating 
filter, and to what minimum figure do you think such 
settlement or other final treatment can be carried as 
a practical measure?—Simple settlement will remove 
the bulk of the solids in suspension, and minimum 
figure to which such settlement can be carried as a 
practical measure would be about 3-0 parts per 100,000. 


_ 21695. Do you find that the suspended solids in 
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your filter effluent vary much in amount from time to 
time, and, if-so, can you explain the causes of such 
variation ?—The solids are always partly settled before 
delivery of the effluent, owing to the construction of 
the tank in which the filter is placed. Therefore sus- 
pended solids are not estimated. 

21696. What was the cost of your percolating bed 
installation per acre, and how much liquid do you 
treat per acre per 24 hours at ordinary times 
and in storm times? Please give the depth of the 
filter and an average analysis of the liquid which you 
put on and an average analysis of the effluent when 
working at the ordinary rate and when working at a 
greater rate in storm times. In each case I should like 
you to give the figures for suspended solids if you have 
them ?—The cost was £2,500 per acre. In ordinary 
times the filter treats 1:50 million gallons per 
acre per 24 hours. In storm times the sewage is 
passed more quickly through the tank and treated con- 
tinuously during 24 hours at the rate of 1-88 mil- 
lion gallons per acre per day. The depth of the 
filter is 7 ft. Average analysis (after settlement of 
suspended solids) in parts per 100,000 :— 








Nitrogen from Free and Saline Ammonia - 
Nitrogen from Albuminoid Ammonia 
Nitrogen from Nitrates and Nitrites- 
Chiorine;:«; =; - 2 - < : : 2 4 


Oxygen Absorbed in 4 hours — - : - t 








In Ordinary 
In Storm Times, 
Weather. 

0:23 0°05 

- 0-090 0049 
: 1:03 on 

11-90 10°70 
1:29 1cOOVF 














21697. Have you made any experiments which throw 
light on the aetion of percolating filters with regard 
to the oxidation of the ammoniacal and organic matter 
in sclution and the organic matter in suspension ?— 
No. 

21698. Have you evidence to show that ammonium 
salts and organic substances in solution, not of a 
colloidal nature, pass rapidly through a percolating 
filter, or that they are absorbed by the filtering 
material or by growths on. that material, so that their 
passage through the filter is a very gradual one?—No. 


21699. Have you observed the effects of changes ot 
atmospheric temperature on the working of a perco- 
lating filter?—It works equally well in hot or cold 
weather. 


21700. Have you found any trouble from vegetable 
growths in percolating filters ?—No. 


21701. Do you find any nuisance from the treatment 
of sewage on percolating filters? Have any complaints 
been made ?—No. 

21702. Would you kindly compare the cost (iniual 
expenditure and annual cost of upkeep and working) 
and relative advantages of percolating filters and con- 
tact beds. Do you consider that one form is best for 
some kinds of sewage, and the other form for other 
kinds of sewage ?—With regard to initial cost, contact 
beds require a much bigger area of land, and they also 
usually require retaining walls, whereas percolating beds 
have a bigger depth and a much less superficial area ; 
they require practically no retaining walls, large pieces 
of clinker answering the purpose quite well, so that the 
original installation would be much more costly if con- 
tact beds were used. On the other hand, the ‘sewage 
can be applied to a contact bed without any special 
‘form of distributor, whilst with percolating beds 1t 1s 
essential that some arrangement should be provided 
for spreading the sewage or tank effluent uniformly over 
the bed. With regard to cost of upkeep, percolating 
beds have again the advantage provided that a good 
form of distributor is used. Beyond some little time 
for cleaning and repairing the sprinkler no attention 
is needed, whereas contact beds have to be filled and 
emptied at regular intervals, and in large installa- 
tions this can only satisfactorily be done by hand. In 
addition, the beds require frequent raking or digging 
over to be able to maintain anything approaching a 
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working capacity. The relative advantages of perco- 
lating beds and of contact beds are— 


(1) Percolating beds do not require so large an area 
as contact beds. 

(2) Percolating beds do not require retaining walls, 
which are costly. 


(3) Percolating beds do not lose their capacity. 


(4) Percolating beds produce an effluent which is 
usually richer in dissolved oxygen and in 
oxidised nitrogen than contact beds, and have 
therefore a bigger reserve supply of oxygen. 

(5) The irreducible matter comes away with the 
effluent in percolating beds, whilst in contact 
beds it is retained to the detriment of work- 
ing capacity of the bed. 

(6) Contact beds in my experience are not adapted 
under any circumstances for Jarge sewage 
schemes. 

21703. Do you find that the chance of nuisance is 
any greater with one form of filter than with another? 
Does the risk of nuisance depend on the kind of sewage 
which is being treated or on the nature of the pre- 
liminary treatment to which the sewage has been sub- 
jected? The question of nuisance is important, ana I 
should be glad if you would state your views fully on 
these points?—No, both forms of filter are free from 
smell. Probably with a purely domestic sewage there 
might be some nuisance caused by the treatment in 
open septic tanks, but with the sewage of large manu- 
facturing towns, which is weak in domestic refuse and 
strong in trade refuse, no nuisance is experienced. 


21703*. Have you made any comparative observations 
which show how many gallons per cubic yard per 
24 hours of your tank liquor or tank liquors could be 
satisfactorily purified on a percolating filter, and how 
many gallons per cubic yard on contact beds? If so, 
would you kindly state the results, at the same time 
telling us in precise terms what was the composition 
of your tank liquor or tank liquors, and what you are 
considering to be a satisfactory effluent ?— Comparisins 
of the amount of liquid from the open septic tank that 
could be satisfactorily treated per cubic yard of filter- 
ing material show that— 


(a) By trickling bed, 132 gallons per cubic yard can 


be satisfactorily treated. 
; : 
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(b) By double contact, 72 gallons per cubic yard may 
be satisfactorily treated (i.e, taking water 
capacity of coarse bed as 25 per cent. and of 
fine bed as 33 per cent. of original capacity 
of empty tank). The composition of the tank 
liquor is as follows :— 


Open Septic Tank. 


Parts pez 

100,000 

Nitrogen from free and saline ammonia - - 191 
Nitrogen from albuminoid ammonia - - 0-499 
Chlorine - - - - - - 12°10 
Oxygen absorbed in four hours - - - 616 


The effluent is satisfactory by reason of its non-putresei- 
bility. 

21704. Could you express an opinion as to how the 
number of gallons would vary with variations in the 
strength of your tank liquor, and on what figure or 
figures you would rely for defining the “strength” of 
your tank liquor ?—With weak tank liquors I can treat 
probably half as much again. I should rely on the 
albuminoid nitrogen and oxygen absorbed figures for 
defining the strength of the tank liquor. 


21705. Have you had any experience of storm water 
filters?—-This is being made the subject of special] in- 
quiry at present, but I am unable to state definitely 
the results. 


21706. Do you consider storm water filters lose any 
of their efficiency by being used intermittently at long 
intervals ?—Yes, it is best to apply weak night sewage 
at fixed periods. 


21706*. Have you any practical suggestions to make 
for disposing of sludges?—I would suggest that the 
different kinds should be disposed of as follows :— 

(a) Sewage screenings: Tipping or burning. 

(b) Material from detritus tank: Tipping. 

(c) Sludge from precipitation tanks: Depositing in 

lagoons. 

(d) Sludge from septic tanks: Depositing in lagoons. 

(ec) Sludge from settlement tanks: Depositing in 

lagoons. 

(f) If the sludge has any manurial value it can be 

dried in heated cylinders and the moisture 
thus reduced to 15 per cent., ground in a mill, 
and sold as manure. 


This is the greatest difficulty to contend with in the 
matter of sewage purification. The methods I have 
adopted are as follows :— 

(1) Deposition on land in specially-prepared sludge 

lagoons. 

(2) Pressing and tipping sludge cake. 

(3) Pressing and burning sludge cake. 


The pressing and tipping causes in summer time 
slight smell, due probably to the action of the lime used 
for pressing liberating gases such as ammonia. No 
nuisance has been experienced from the other methods. 
The cost of pressing and burning is, however, con- 
siderable. 


21707. What, in your opinion, constitutes a good 
effluent ?—One that will remain sweet in the incubator 
for a week in the absence of air. 


21708. Do you consider that the type of effluent from 
a contact bed is superior or inferior to the type of 
effluent from a percolating filter?—I find the type of 
effluent from a-contact bed is inferior to the type of 
effluent from a percolating bed. Nitrification is more 
active in the percolating bed, and there is also better 
aeration. So that the effluent has a better reserve 
supply of oxygen than one from a contact bed. 

21709. What test or tests do you chiefly rely upon in 
judging of the quality of an effluent, and for what 
reasons ?—I rely upon the following :— 

(1) Incubator test. 

(2) Oxidised nitrogen. 

(5) Albuminoid nitrogen. 

(4) Oxygen absorbed. 


The incubatcr test,I think,is the best test of the quality 
of an effluent. If a sample will stand in the absence of 
air for some days at a temperature of a hot summer’s 
day, then it is quite fit to be turned into any water- 
course, even if the volume of the effluent exceeds that of 
the water. (I am referring here to non-potable 
streams.) The oxidised nitrogen is a very good test of 
the efficiency of the working of a bed, and also a 
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measure of a reserve supply of oxygen. The albumi- 
noid nitrogen is a measure of matter which is detri- 
mental to the quality of an effluent. The oxygen 
absorbed is also a measure of matter which is often 
detrimental, and will indicate to some extent how the 
effluent will rob the stream of its available oxygen. 


21710. Have you tried the “ aeration” test, v.e., the 
rate at which dissolved oxygen is taken up by an 
effluent /—A few tests have been made. 


21711. Is one standard for all effluents passing into 
non-potable streams possible and desirable, and, if so, 
what should it be?—Yes, one standard, but not a 
chemical one, is possible and also desirable, and it 
should be one that can be attained equally well by 
large towns with strong sewages and trade waste as by 
small villages. The following would appear to meet 
the case. The effluent should be such that a sample of 
it will keep without putrescing for some days at a tem- 
perature of 80 deg. F. in a tightly stoppered boitle. 
This is a standard that is easily attained and is equally 
fair to towns and villages. It does not depend on the 
absence of more than a certain definite quantity of 
nitrogenous or oxidisable matter. The ideal of sewage 
purification should be to produce an effluent that will 
not putresce; and not the production of an effluent 
that is poor in a certain class of chemical compounds. 
A manufacturing effluent often contains matters which 
according to chemical standards would be classed as 
unsatisfactory or bad, whereas they are non-putrescent 
and perfectly harmless. The effluent from the Hud- 
dersfield percolating bed has at times had an oxygen 
absorbed of over 2:0 parts per 100,000, or at others an 
albuminoid nitrogen of ‘12, or even more, and yet re- 
mained perfectly sweet in the incubator for seven days 
at 80 deg. F. The oxygen absorbed is chiefly due to dye 
liquors, which are oxidisable but are not putrescent: 
and which are generally present in small quantities ir 
the effluent. 


21712. Supposing a general standard to be impractic- 
able, how should a plurality or series of standards be 
formulated? ‘What amount of suspended matter would 
you allow in an effluent ?—If a general standard be con- 
sidered impracticable then local standards should be 
made, in the fixing of which should be taken into 
account : 


1. The character of the stream recelving the etiluent. 
2. The nature of the sewage and the difficulty of its 
treatment. 


It is not advisable to allow more than five parts per 
100,000 of suspended solids. This is a standard which 
can be easily attained, and an increased quantity 
would be detrimental to the stream. 


21715. What is your experience of the effect of storm 
water upon filters of various sorts ?—I have had experi- 
ence of the effect of storm water, and from what has 
been done it is found that generally after the first flush 
in times of storm the sewage can be treated more rapidly 
on either contact or percolating beds without any serious 
detrimental action on the beds. 


21714. How far do you consider it advisable for a 
sewage installation to be worked automatically ?—It is 
inadvisable in the case of large installations for the 
whole works to be dependent on automatic contrivances 
as these easily get out of order, and cannot at best be 
depended on. The sewage treatment should be care- 
fully controlled according to results. This can only be 
attained by careful watching and the application of 
frequent tests. 


21715. Have you made any systematic observations 
as to the effects of discharging effluents into streams ?—- 
No. 


21716. Could you make a short statement setting 
forth the values you attach to the different chemical 
tests in use for determining the qualities or condi- 
tions of sewages and effluents, and’ giving your reasons ? 
—The values of chemical tests vary with local conditions. 
As a general rule the chlorine figure will give a good 
guide to the strength of the sewage although this 
depends largely on local conditions, such as chlorine in 
water supply, population, system of sewerage, and pro- 
portion of domestic or trade sewage. The albuminoid 
nitrogen and oxygen absorbed give a fairly good indica- 
tion of the substances which have to be got rid of. 
The two tests should, I think, be done side by side, and 
a comparison made. The samples should be analysed 
when fairly fresh, to make the results of any value, as 
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the putrefactive changes which go on in a bottle of 
sewage will break down complex matters and give sim- 
pler forms. 

Of the tests which are applied to effluents, I attach 
most value to the incubation test for reasons already 
stated. Next in importance is oxidised nitrogen, as 
this tells immediately if the bed is working efficiently. 
The oxygen absorbed in four hours along with the three 
minutes test gives a valuable indication of how the 
oxidation is proceeding, and how the effluent will rob 
a stream of its oxygen. The albuminoid nitrogen also 
is a good test of purity of an effluent. The tests should 
be all made and compared as an effluent cannot be con- 
demned or otherwise on any one test, except the putres- 
cibility as measured by the three minutes oxygen ab- 
sorption before and after incubation. 

21716*. What are your views with regard to the quan- 
titative determination of the “strength” of a sewage, 
tank liquor, etc. ?—The strength of a sewage or tank 
effluent would, I believe, be best determined by : 


Albuminoid nitrogen. 
Oxygen absorbed. 

Solids in suspension. 
Chlorine. | 


The first three showing strength in matters to be dis- 
posed of, and the latter the variations in strength in 
different weathers. This varies, of course, with local 
conditions, but should be fairly constant for any one 
sewage. 

21717. Is thereany other point upon which, you would 
like to speak at this stage?—If I may express an 
opinion, I would like to add that the time has now 
arrived for legislation dealing with the pollution of 
rivers by one general Act, applicable to the whole coun- 
try, and the creation of a central governing authority 
with the necessary scientific officers for administering 
the Act, holding enquiries and affording equal justice 
to all concerned, and thus avoiding the difficulties and 
differences of opinion which inevitably arise between 
local authorities and the Divisional Boards as now 
constituted. 

21717*. On Question 21580 it struck me that the pro- 
portion that goes over the storm overflow in comparison 
with what goes through your regular works is very 
large. Do you give the figures with confidence?—I 
give them from actual facts. 

21718. Does it not strike you that a very large 
quantity goes over your storm overflow ?—Yes, a very 
large quantity goes over, but that is due to the rapidity 
or the suddenness with which very large volumes come 
down. 

21719. Are the figures you give in Question 21596 
under (a) and (b) parts per 100,000 ?—Yes. 

21720. And are they ascertained by the four hours’ 
test P—Yes. 


21721. Then on Question 21597 you say that after six 
times the dry weather flow the storm water can go 
direct into the river. Have you any particular reason 
for selecting the figure 6?—My reason for selecting 
the figure 6 is that after a number of experiments 
during floods I found that it would not be safe to admit 
into the river any quantity—taking the average for an 
extended period—helow six times the flow. 


21722. (Colonel Harding.) You say that your experi- 
ments led you to think that less than six times dilution 
would not be safe. Are we to gather that you think 
that above six dilutions it is safe to turn into the 
river ?—There may be cases when it would be safe to do 
so, but as a general rule I find it is not so. 


21723. Your objection to dealing with more than six 
times the flow is that it is unnecessary to deal with it, 
not that it is impracticable P—Certainly. 

21724. (Chairman.) On Question 21603 you say it de- 
pends entirely on the method of treatment, whether 
you favour the separate or combined systems of sewerage 
Can you tell us with what methods of treatment you 
would favour one and with what the other?—For in- 
stance, dealing with the sewage chemically, if you have 
a combined system, of course, you will have a much 
larger volume to deal with, and it becomes a very 
expensive process. If, on the other hand, you are not 
dealing with the question by chemical precipitation, it 
would not be such a serious question. 

91725. In answer to Question 21632 you say that the 
products formed by over-septicising are injurious to the 
nitrifying organisms in the filters. Have you ascer- 
tained that by actual experience ?—I have. 
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21726. Then, ou Question 21503, can you tell us how 
you measure the quantity of sludge left in the tank? 
In what way do you contrive to measure it—it is rather 
a difficult thing to do ?—The way the sludge is measured 
is this. When the tank effluent is drawn off we ascer- 
tain by measurement what is the quantity of sludge 
left, and in order to verify it from the formule dealing 
with it I have actually weighed a cubic foot of sludge 
so as to ascertain in fact how it can be measured and 
how it agrees with other methods applied for arriving at 
the quantity of sludge produced. 

21727. (Sir William Ramsay.) Was the cubic foot of 
sludge dried up as well?—No, it was not dried up; it 
was just taken up to be pressed. 

21728. You ascertained the amount of water in it by 
experiment P—Yes. 

21729. (Colonel Harding.) But the sludge at the 
bottom of the tank would be very much denser than 
ue sludge in the upper part of the accumulation ?— 

es. 

21730. How do you ascertain the mean between the 
lower and the upper strata?—There might have been 
between 2ft. and 3ft. of sludge in the tank; I would at 
once take a cubic foot or a cubic yard, and take the 
average of the sludge, so as to get the same intensity 
all over the cubic foot or cubic yard, as the case might 
be. 

21731. Did you take samples of the top, middle and 
oes and mix them together and take the average? 
Yes! 

21732. You are quite aware that there would be a 
very great difference P—Yes. 

21733. Probably 95 per cent. of water at the top and 
80 per cent. at the bottom?—Yes. I do not know of 
any method you can employ, except to do it in the way 
I have mentioned. 

21734. The results you have obtained depend entirely 
on the careful way in which this work was carried out? 
--Yes. Ihave had the sludge mixed and the quantities 
ascertained under my own supervision on several occa- 
sions, and the variations were so very slight that I 
came to the conclusion that the results were perfectly 
accurate, 

21735. (Sir William Ramsay.) I suppose that 38 per 
cent, means that that amount of solids was removed by 
the septic tank process P—Yes. 

21736. (Chairman.) May I ask on what observations 
you found your answer to Question 21641, in which you 
say that it would impair septic action for a time ?— 
That has been obtained by taking analyses of the sew- 
age in the septic tank during periods of sudden storms, 
It has been found that with rushes of storm waters 
coming into the septic tank it did not perform its 
function so satisfactorily as if it was working under 
ordinary conditions, 

91737. In your answer to Question 21643 ycu speak 
from actual experience and observation, I suppose ?— 


IT do. 


21738. (Sir William Ramsay.) Have you a set of 
analyses published, illustrating the last sentence in your 
answer to Question 21643 ?—Yes, they are in the reports 
which I am putting in. (See Appendix: page 185). 

21739. (Chairman.) In answer to Question 21646 you 
say that you think that from 6 to 8 parts per 100,000 of 
suspended solids is a practicable limit to reach for a 
tank effluent. I suppose you say that after fully con- 
sidering the matter P—Yes. 

21740. Of course, it is a low figure ?—Yes. 

21741. But you deliberately say that P—I do, 

21742. Would that be by cleaning out the tank often 
or not ?—I find that, so far as my experiments go, I 
can obtain this result if I clean the tank out four 
times a year. 

21743. On Question 21667 it rather surprised me that 
you should say so positively that the cost of washing 
would be prohibitive. Can you tell us at all what the 
cost would be?—In my case, when carrying out the 
operations here referred to, it came to between £5 and 
#6 per million gallons, 

21744. (Sir William Ramsay.) The washing ?—Yes. 

21745. (Chairman.) Can you calculate what the cost 
was per cubic yard?—I could, and will subatt the 
figures afterwards, 


21746. (Colonel Harding.) The point we want to get 
at is whether it is or is not a practicable thing to wash 
out the material of the contact beds. I think vou ex- 
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press a strong opinion that it is not practicable finan- 21770. A mere surface covering ?—Yes. 


Mr. aca cially to do so, and you said something about the cost 21771. Wha he bulk of the filter composed o ie 
( Jam ts 1 . : pat : 
MInst.C:E. eing so much per million gallons P—Yes. 3in tin at om aa bane pap 
P ss & : 


and 41747. I do nut quite appreciate what that means, 
10 May, 1905. What we want to know is what is the cost of washing 


the material of these beds. That surely must be given 


_ 21772. Then we may take it that it is a very coarse 
filter ?—It is certainly what you would term a really - 
coarse filter. 


—_—— 


at so much per cubic yard ?—That can be given, but I 
could not give it without going into. the figures. In 
my case we deal with the cost per million gallons 
filtered, not per cubic yard. 

21748. What has the flow to do with this particular 
point ?—If you have a double contact, and you purify 
so much sewage upon a given area of double contact, 
you will arrive at the cost of the purification per million 
gallons. 

21749. I think I see what you mean now. You mean 
it is the annual cost reckoned per million gallons >— 
Certainly. 

21750. But in order to reach that have you not to 
find out what it is per cubic yard?—Yes; I could give 
that figure, but not off-hand; I have it. 

21751. You are unable to give it at present P—I could 
not give it authoritatively at present. I deal with it 
per million gallons in all my reports. But it is im my 
opinion impracticable to carry out the process on a 
large scale—you cannot do it. 


_ 21752. It has been suzgested to us by certain wit- 
nesses that the cost might be brought down to from 1s. 
to 2s. per cubic yard. You do not agree with that ?— 
I have heard that for years, but my experience is that 
it is impossible to bring it down to the figure named and 
at the same time maintain the total capacity of your 


beds. 


21753. (Chairman.) Passing on to Question 21069, 
comparing the effluent from the double contact, the 
effluent from the first process was rather better than 
the effluent from the second. Can you tell us at all 
how the cost of the two processes compares P—You mean 
the working cost? 


91754. Yes?—In the case of the one there is very 
little. Take the septic tank, for instance. I reckon it 
makes a difference of about 30s. per million gallons 
treated—from 27s. 6d. to 30s. 

21755. Then on Question 21670* do you see any reason 
why the figures should be so curiously inverted? In 
(a) you say that you get 3-4 parts per 100,000 after 
chemical treatment, and 6°4 parts per 100,000 after 
open septic treatment. But in (b) the figures are re- 
versed; there are 21 parts per 100,000 after chemical 
treatment, and only 1°86 parts per 100,000 after open 
septic treatment?—Yes, it is a curious coincidence. 
These are the facts as I found them. 

21756. They are the facts, but you have no explana- 
tion of them ?—The explanation is due to the fact that 
in septic treatment the effluent from the coarse bed is 
partially settled by passing through a catch-pit before 
flowing on to the second bed, whereas in chemical treat- 
ment as at present arranged such is not the case. 

21757. In answer to Question 21687 you say that open 
sides are essential to a percolating filter. That is a 
very positive statement; how do you support it?—I 
have tried both, and found better results from the open. 

21758. Then in reply to Question 21691, again about 
the percolating beds, you say that, properly con- 
structed, they do not choke. From how long expe- 
rience can you speak ?—About 34 years. 

21759. And have you had one percolating bed going 
the whole of that time ?—I have. 

21760. And it has not choked ?—No. 

21761. Or shown any signs of choking ?—None what- 
ever. 

21762. (Colonel Harding.) How close is the material ? 
—It ranges from 6in. to about ? of an inch. 


21763. From 6in. to about 3 of an inch ?—Yes. 


21764. Do you mean the big on the top and the in. 
in the body ?—I have 2in. of #in. material on the top. 


21765. Where does the 6in. come in?—From the 
middle downwards. 


21766. Graded material ?—Yes. 


21767. Some of it is as small as 3in. ?—On the sur- 
face it is as small as Zin. 


21768. How much ?—Al]I ovér the surface. 
21769. But how deep ?—About 2in. 





21775. (Chairman.) Is it in constant working ?—Yes, 
to-day. ’ 
21774. And it has been in constant working for 34 
years /—It has. * 


21775. (Sir William Ramsay.) Does not tue surtacé 
require frequent attention ?—No. 


21776. Does it not get clogged?—No; I have nut 
touched the surface. I have given strict instructions 
that it is not to be touched at all unless my attention 
is called to it, and from the day I put down the filter 
to the present time it has not been touched. I am’ 
bound to say that when I started with the percolating 
filter I was very much averse to it, but I am now of a 
different mind. So far as I know from experiments 
that is the best filter of the present day. 


21777. (Chairman.) Have you had many anal 
made of the filtrates?—Yes, daily. eer teas 


21778. And you find them good ?—Yes. 


21779. And you consider that the filter does its work 
thoroughly ?—I do, most certainly. In proof of that I 
may say that I have advised the Corporation to put 
down 19 acres of this very same filter in their new 
scheme, and I would not have done so were I not 
assured of its success. 


_ 21780. (Colonel Harding.) We have put to you some 
important questions in regard to storm waters, and are 
naturally interested by the answers you have given us. 
But the opinions that you have expressed are based, 
I suppose, rather upon what you think should be done 
than upon what you actually have done at Hudders- 
field. I may take it, as you have not yet got your 
works in operation for treating your dry weather flow, 
that you are certainly not treating four or six dilu- 
tions ?—-No, I am not treating the whole; you are 
quite right in your observation. 


_ 21781. You have said that you think it is undesirable 
that storm water should be treated through the same 
plant as the dry weather flow, and that it is better to 
have a separate plant for storm waters. The im- 
purities in storm water—are they not mainly due to 
suspended matter ?—Yes. - 

21782. And I think you express the opinion that the 
settlement of such suspended matter might be improved 
by special treatment ?~Yes. 

21783. In any case, if further treatment were re- 
quired it could be done on a percolating filter ?—Yes. 

_ 21784. At probably a high rate of flow’?—Yes, that 
is so. ) 

21785. In regard to the sludge which you produced, 
you say that it has no manurial value and that the 
farmers will not take it ?—Yes. 

21786. Are you alluding to septic tank sludge or 
precipitated ?—To both. ms 

21787. You produce a large quantity ; what do you 
do with it ?—-I burn it, and I put portions on to sludge 
lagoons. One half is burnt, and the other is put on 
sludge lagoons, allowed to dry, and then covered over 
with material, when it gets a hard substance—with 
earth and other materials. ne 

21788. But before you can burn the sludge you must 
largely reduce the water in it—probably by pressing? 
—Yes, I press it. " 

21789. You press part of the sludge ?—I do. 

21790. And you burn the cake ?—Yes. 


21791. Do you do that on a large scale ?—Yes. 


21792. How much cake do you burn, sa yr day? 
—From 15 to 25 tons a day. aS 4. : 


21793. I shall be greatly interested to know whether 
the burning of the sludge cake causes any nuisance ?— 
None whatever in properly constructed furnaces. : 


21794. Do you utilise the heat ?—Yes. 


21795. You do not utilise any of the gases produced 
by the combustion of the cake ?—No. 5 ae 


21796. Has there been any suggestion of ; 
from the sludge !—Yes, y suggestion of making gas 
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21797. But you do not think it practicable ?—Cer- 
tainly not. 

21798. Part of your production ‘of sludge you burn, 
and the remainder, you say, you dry in lagoons and 
then cover up? But surely that cannot go on for ever. 
You will reach a time when your available site for such 
a purpose is all used up, and you will have to burn 
the whole of it or find some other means of disposing 
of it ?—Yes, in the distant future. 


21799. What do you propose to do?—To burn the 
whole. 


21800. In your opinion the burning of cake is a prac- 
ticable thing ?—Certainly. 

21801. That is your opinion based upon experiments? 
—Yes. 

21802. You think it is practicable in regard to the 
cost and also as not causing nuisance?—IJt does not 
cause nuisance. Of course, the cost is somewhat heavy, 
but it is quite practicable to carry out. - 


- 21805. Passing on to the septic tanks, your present 
opinion is that 1t is well to allow the septic tanks to 
accumulate sludge up to a certain point and then to 
empty them. In theory, would it not be desirable to 
niaintain the capacity by the frequent removal of some 
small portion of the sludge so as not to cause any large 
accumulation ?—I do not think so. 


21804. In your answer to Question 21638 you say that 
your septic tank at the beginning had an effluent which 
contained only 6°6 parts per 100,000 of suspended 
matter, whereas later on, when the sludge had accu- 
mulated, the 6-6 had risen to 23:5 parts per 100,000 of 
suspended matter in the effluent ?—May I refer again 
to the question. 


21805. In answer to 21658 ?—Yes. 


21806. You say there that as the tank got older and 
the accumulations rose the amount of suspended matter 
in the effluent rose also very considerably 7/—Yes, it 
does rise. 


21807. In other parts of your evidence you have ex- 


pressed the opinion that it is highly desirable that sus- - 


pended matter should be as far as possible removed 
from the effluent going on to the filters; therefore I 
gather that you must think it a disadvantage that the 
septic tank should reach this condition which yields 
so much suspended matter in the effluent ?—But in the 
case of a percolating filter it has not the effect upon it 
that it would have upon a double contact. 

21808. You think that a percolating filter will bear 
more suspended matter upon it than contact beds ?— 
Certainly ; it will wash away through the percolating 


filter, and it can be intercepted by settlement afterwards. 


21809. You do not care very much, therefore, what 
quantity of suspended matter goes on?—I do, because 
I consider that even the effluent leaving a percolating 
filter should be submitted to a certain process of settle- 
ment before it goes into the river. 


21809*. You appreciate that it would be very im- 
portant even with percolating filters to keep out sus- 
pended matter from the effluent if it is practicable to 
do so ?—Certainly. 

21810. Therefore if a septic tank at first passes only 
6 parts per 100,000 with its effluent and later on 23, it 
does appear in the abstract that it is desirable to main- 
tain the capacity so as to prevent that important in- 
crease ?—Yes, if you attach much importance to the 
suspended matter. Suspended matter may be 
quite harmless from a polluting point of view. 


21811. Do not you attach much importance to it ?— 
It is of some importance in most cases. 


21812. Is it at all practicable—I think you are an 
engineer—to withdraw daily a small quantity of sludge 
from a septic tank?—It is quite possible from an 
engineering point of view to do it, but not advisable. 


21813. If it be possible to do it would it not be de- 
sirable, so as to maintain the capacity of the septic 
tank and to get in the effluent from the septic tank 
a fairly constant quantity of suspended matter ?—The 
only thing is that the septic tank gives slightly better 
results after it has been in action for a considerable 
time than it does when it is freshly put into operation. 


21814. Obviously, when it has matured, it does better 
than when it is newly started ?—Yes. 


21815. But this better result is due to the maturing, 
and not to the accumulation, surely ?—To the matur- 
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ing, but still the accumulation helps to mature. I am 
certain it does. 

21816. But you do not suggest that the septic tank 
gives better results because a large quantity of 
material has accumulated in it ?—If you look at the 
analyses you will find that the best results are obtained 
after the septic tank has been in operation for a month 
or for two or three months. 


21817-18. What do you mean by the best results ?— 
The best results from the point of view of purification 
of the effluent as it leaves the septic tank. You geta 
better effluent after the tank has been in operation 
for some considerable time than you will get within 
the first week, fortnight, or month after it has started. 


21819. But at the end of the period you say that you 
got 23 parts per 100,000 of suspended matter in the 
efuent /—Yes. 


21820. You do not suggest that that is a better 
effluent than one containing six parts, do you?—No, it 
is not better, and so far as the quantity of suspended 
matter is measured, the septic action is better; the 
tank produces a better septic action. 


21821. When the tank has matured you get better 
septic action; when it has only just started you get 
none. ‘Ihe important point I want to get at is whether 
it would not be best to maintain a constant quantity 
of deposit in a septic tank rather than allow it to grow 
many feet deep?—I quite agree with that. 


~ 21822. You agree ?—I do, certainly. 


21823. You think it quite possible to keep on with- 
drawing sludge from the septic tank?—Yes. I under 
stood that you wanted the tank always clean. 


21824. Always empty ?—Yes. 

21825. Oh, no?—I agree: That is a different thing 
altogether. 

21826. You say that it is possibie with a septic tank 
to reduce the suspended matter in the effluent under 
proper conditions to as low as8 or 9 parts per 100,000? 
—Yes. 

21827. And your way is that near the outlet you shall 
keep the tank fairly clear from sludge ?—Yes. 

21828. Would not that work in with what I have been 
suggesting ?—Yes. 3 


_ 21829. Any way, you think that the point is of some 
importance ?—It is indeed. 


21830. Have you tried any experiments to obtain 
that /—Yes. 


21831. Could you tell us what they were ?—With one 
of the tanks—a precipitation tank—which I have at 
the present time the course which you suggest has 
been followed throughout by drawing off the liquid 
sludge after it got a certain volume, leaving only a 
small quantity of sludge at the bottom. 


21852. What was the result ?—The result, as I have 
shown here, was a higher degree of purification, with 
less solids in the tank’s effluent. 


21833. You express a very strong opinion that con- 
tact beds should not be deeper than 4ft. Upon what 
do you base that opinion. I am referring to your 
answer to Question 21652, where you say “they should 
not be of a greater depth than 4ft.” What leads you 
to say that?—In 1898 I started with a series of con- 
tact beds ft. deep. I increased the height to 3ft. 6in., 
and I went up to 4ft. and to 4ft. 6in., but I found 
that at 4ft. 6in. the results were not as satisfactory as 
they were at 4ft. The experiments went on from time 
to time over 12 months until I fixed on 4ft. as the 
maximum height to which a contact bed with our sew- 
age should be constructed. With a depth of 4ft. we 
get better results than from the 4ft. 6in. 


21834. You found a positive deterioration by 
an additional 6 inches P—I did slightly. 


21835. Were these experiments carried out with the 
care necessary to enable you with confidence to make 
that assertion ?—Yes ; in fact, they were carried out for 
a purpose, and the purpose was that in the new scheme 
which I have designed for Huddersfield I thought con- 
tact beds would be the best system to adopt, and I 
was naturally anxious to get a bed that would give the 


greatest cubical capacity so as to avoid purchasing 
additional land. 


21836. If you have at present working a 4ft. bed 
which is giving good results, and if you add 6in. on 
the top, do you say it is going to make the results 
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worse ?—Well, put on another foot. Six inches is so 
very little, but if I put on another foot I get a worse 
result. That is my experience. 

21837. But you have not tried 5ft.?—I have tried 
up to 4ft. 6in., and found that anything over 4ft. did 
not improve the efficiency of the bed. 


21838. You think that if you have a 4ft. contact bed 
in good working order and you add a foot to it it will 
injure the results?—The results are less satisfactory 
whatever height you go above 4ft. 


21839. You speak about the washing of contact beds 
when they get choked by accumulations being quite 
prohibitive in cost ?—Yes. 

21840. Have you really tried on a fairly large scale 
to wash a contact bed ?—I have. 


21841. And with proper appliances ?—Yes. 

21842. And you have no doubt that, situated as you 
are at Huddersfield, it was quite impracticable ?—That 
is so. 

21843. What is the alternative. I take it that a con- 
tact bed is bound to sludge up at some time ?—Un- 
doubtedly. 


21844. Is the only possible alternative to renew the 
material ?—To renew the material, or to turn it over 
and wash it. I do not know of any other system. 


21845. But you said that washing is impracticable ? 
—Yes, from a financial point of view. 


21846. Then the only alternative is the renewal of 
the material ?—Yes. 

21847. Is that also impracticable 
think it is financially. 

21848. Then your opinion is that contact beds them- 
selves are impracticable?—On any large scale I hold 
very strongly that they are. 

21849. You do not think that the contact bed system 
is one that should be used at all?—I do not think it 
should be used at all, except perhaps in very small 
installations, where the cost of renewals would only be 
trifling. 


financially ?—1 


21850. They are bound to sludge at some time, and 
it is impracticable financially to renew the material 
or to wash it ?—Yes. 


21851. You are in favour of percolating filters ?— 
Certainly. ; 


21852. (Chairman.) Will you kindly give us your 
figure of the price per cubic yard for washing the 
material ?—I will. I find it is not less than 4s. 6d. per 
cubic yard for every time the material is washed. To 
treat 9,000,000 gallons per day I estimate 87,120 cubic 
yards of 'beds would be required, and to wash these once 
every 12 months would cost £19,602, which is approxi- 
mately £6 per million gallons of sewage treated. Even 
with the washing of the beds once in every 12 months 
the original water capacity of the beds cannot be main- 
tained. 


21853. (Colonel Harding.) Passing on to the question 
of percolating beds, you agree no doubt that the ques- 
tion of distribution upon percolating beds is a matter 
of primary importance ?—Yes. 


21854. And I think in one of your answers—to 
Question 21682—you refer to some distributor which 
you yourself have devised, and of which you speak with 
approval. What are the leading features of it?—The 
leading feature of that distributor is that it pro- 
vides for equal distribution of the flow during all con- 
ditions of weather. 


21855. How does it accomplish it P—Because with 
other important mechanical advantages in the matter 
of design it is electrically driven. 


21856. You do not depend on the force of the sew- 
age to rotate it, but you have an independent motive 
power, namely, electricity ?—Yes, electricity. 


21857. You have no holes through which the sewage 
passes. Then what is the arrangement of distribution ? 
—Of course, the arms are perforated for the sewage to 
pass through. 


21858. There are holes in the arms ?—Certainly. 

21859. I thought I gathered that you object to holes 
as being likely to get stopped up?—Oh, no; my state- 
ment in that case only refers to the working parts, not 
to the arms. 


- periments which you had carried out. 
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21860. Do you find that they do get stopped up ?— 
No. They get slightly stopped up, but it is not very 
material. , 


21861. You have not frequently to clean them ?—No. 


21862. The special feature of your distributor 1s 
that it is diiven by an independent motor power ?— 
That is one of its advantages; the others may be better 
explained by plans and specifications which I shall be 
glad to submit. 


21863. (Sir William Ramsay.) In your answer to 
Question 21684 you say that there should be no smalk 
holes. What is the size of the holes in your distri- 
butor ?—If you take the ordinary distributor there is 
a number of very small holes, and these get clogged up. 


21864. (Colonel Harding.) But you say in your 
answer to Question 21684 that there should be no small 
holes. You do not object to larger holes?—To larger 
holes I do not. 


21865. (Sir William Ramsay.) Might we ask what is 
the diameter of the holes in your distributor ?—They 
graduate from tin. to lin. 


21866. (Colonel Harding.) The holes to which you 
object—in your answer you say there should be no 
small holes—of what size are they? Are holes 1-16in. 
Es ie considered as not small holes?—They are small 

oles, 


21867. Is 1-16in. a small hole ?—Yes. 
21868. Then you object to that?—Yes. 
21869. What size of hole do you find to be prac- 


ticable >—Between lin. and iin., according to the size 
and design of the distributor. 


21870. But even with j-in. holes do you not have 
some trouble ?—No. | 


21871. I should like again to refer to a point raised 
by the Chairman on your answer to Question 21687, 
about the value of open sides to percolating filters. You 
express a very strong opinion, I think, as to the value 
of side aeration. I think you said it was based on ex- 
Would you 
mind telling us the nature of the experiment which 
led you to this conclusion ?—The first experiment that 
I conducted was with a percolating filter enclosed by a 
brick wall. 


21872. What was the size of the filter 2—About 40 ft. 
square. 


21873. What depth ?—Between 6 ft. and 7 ft. 
21874. The walls were quite solid P—Yes, 


21875. What was the alternative filter which you 
compared with it P—Selected clinker. 


21876. What was the size of the alternative filter ?— 
40 ft. diameter. 


21877. Circular ?—Circular. 


21878. The other was of the same dimensions all 
round ?—One was a precipitation tank, and the mate- 
rial was put into this; the other was a circular filter 
with open sides, the filter material formed the sides 
in larger blocks built up 7 ft. in height. 


21879. Was the size of the material in both the 
same /—Certainly. 


21880. Was the liquor put upon both the same ?— 
The same liquor. 


21881. You put identical liquor upon practically 
identical material, the only difference in the construc- 
tion being that one was circular and the other square, 
and you found that better results were obtained from 
the one with open sides than the one with closed sides ? 
—Yes. 

| 
21882. To what extent ?—It was very slight. 


21883. Do you remember sufficiently to be able to 
say whether it was 10 per cent. better or not ?—It was 
slightly less than that. 


21884. Not so much as 10 per cent. ?—Oh, no. 


21885. We may take it that, though an interesting 
point, it is not of very great value in your opinion ?— 
I would not say that, but I am bound to say that if I 
were advising for any scheme I should have open- 
side filters. 

21886. (Sir William Ramsay.) What about expense ? 
—Of course, open sides are cheaper, but I am not alto- 
gether on the question of cheapness; it is a question 
of the best results. 


. 
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21887. (Colonel Harding.) I am not in the least ques- 
tioning the accuracy of the results which you have ob- 
tained. What I want to know is upon what your 
opinion is based—whether the experiments were carried 
out under identical conditions and whether the distri- 
bution in both cases was the same ?—You could not get 
a comparison unless you did that. 


21888. They were exactly the same ?—Yes. 


21889. Was the aeration at the bottom in both cases 
the same ?—Yes, the same. 


21890. These were substantially identical parallel 
filters ?—Parallel filters. 


21891. Dealing with the same effluent?—The same 
tank effluent, the same sewage. 


21892. And the final result was that you got an im- 
provement which was less than 10 per cent. in tha 
aerated case ?—Yes, and as a result I believe that the 
open side is preferable to the closed. 


21893. To that extent ?Yes. 


21894. If it was not 10 per cent. do you think it 
would be 5 per cent. /—You may take it to be from 5 to 
10 per cent. 


21895. It was more than 5 per cent.—It would 
average fully 5 per cent. 


21896. You are not able to say, therefore, that side 
aeration, judged from your experiment, was of very 
great value?—Dealing with experiments is a different 
question. When you come to a large area—say of put- 
ting down a filter an acre in extent—my argument 
would probably fall through with the larger area, be- 
cause if you had open sides for an area of an acre the 
argument in favour of the open sides would disappear ; 
but I am dealing with the smaller area. If you get by 
the slightest degree a better result from the open sides, 
on the larger scale. 


21897. I shall not be far wrong if I take your answer 
to mean this—that you think side aeration of some 
value, though not of great value, and that if filters are 
carried out on a large scale the value of side aeration 
becomes less and less as the filters increase in area ?— 
I should still put them in, but the value undoubtedly 
becomes less. But I should sill employ them for 
the reason that in a question so difficult as that of 
sewage purification you cannot afford to disregard one 
single point of apparent advantage. 

21898. There is only one other point. You expressed 
the view that a percolating filter worked equally wel) 
in cold weather and in warm, in winter and in sum 
mer ?—Yes, © 


21899. Upon what do you base that opinion ?--Upon 
my own results. My percolating filter has been going 
summer and winter for 34 years, and the difference in 
weather’is immaterial. 


21900. Have you comparative analyses of the per- 
colating filter in times of severe frost and in summer? 
—Yes, I have them here; I will put them in. - 


21901. We shall find when we look at those tables 
that in severe frest you get quite as much purification 
from a percolating filter as in warm summer weather? 
—I have continuous records of seven years of the whole, 
and I have the continuous records of 34 years of the 
percolating filter, and the only difference I find that 
weather conditions make is that which is due to the 
fact that the sewage is generally weaker in winter than 
in summer, owing to a large quantity of rain and snow 
falling during winter. 


21902. What is the loss of temperature in passing, 
through your percolating filters?—I cannot give the 
exact figures offhand. 


21903. Would you not be prepared in the abstract 
to expect .that with sewage reduced in temperature 
to something approaching freezing point there would 
be less bacteriological action than in sewage with a 
temperature of 70 degrees ?—I would, and I have been 
surprised to find in my own case that it was not so. 


21904. The opinion you have expressed to us is based 
upon very careful observation and upon analyses which 
you have placed before us?—Undoubtedly. Other 
engineers may say that it does make a slight differ- 
ence. I find, however, that the difference was so im- 
material that it could be disregarded altogether. It is 
no use putting down a scheme if the filters will not work 
satisfactorily during the year. 
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21905. (Mr. Stafford.) Why do you think that storm 
overflows ought to be fixed ?—They are more reliable. 
If you have them automatic they get out of adjustment, 
and will not work. 


21906. You prefer them fixed ?—Yes. 


21907. In answer to Question 21607 you say that you 
prefer to use settlement tanks in parallel rather than 
in series. Why is that ?—Tanks in parallel provide for 
a more equal distribution of the sludge than those in 
series. 


21908. In reply to Question 21639 you say it is not ad- 
visable to pass the storm water through the septic 
tanks. Why do you consider it not advisable ?—Be- 
cause storm water invaribly comes down with too 
great a rush into the septic tank, thereby interfering 
for a time with septic action, and therefore I think the 
best results are obtained by putting the storm water 
after a certain flow comes down on the special filters 
provided for the purpose. 


21909. In answer to Question 21663 you say that the 
first flush of storm sewage, which is very polluting, 
should not be allowed on to the beds, but afterwards, 
as the sewage becomes more dilute, five or six fillings 
a day may be given with fairly good results. Could 
you use your beds for any length of time with five or 
six fillings a day ?—Yes, for the length of any storm at 
least. 


21910. Contact beds ?—These storm beds are coarse 
filters ’—They are. 


21911. (Major-General Carey.) With reference to 
Question 21667, how is the average working capacity to 
be maintained if the material cannot be washed ?—I 
could not say, the hydraulic value must in that event 
necessarily decrease. 


21912. (Sir William Ramsay.) What is the acid that 
is present as mentioned in your answer to Question 
21593—is it sulphuric acid?—Yes, chiefly, and some 
others from the dye-works. 


91913. Is it sulphuric acid employed in making 
plates?—Yes. Wire drawing or galvanising. 


21914. I understand that your sewage is rather fatty, 
is it not #There is a good deal of fat. 

21915. Is that what makes it combustible, so that 
you can dry it and burn it ?—I do not think so. You can 
burn it; it is only a question of getting a little extra 
fuel. The fat helps to burn undoubtedly, but if the 
fat was less I think I should be able to burn the sludge 
after being pressed all the same. 


21916. Will the sludge burn of itself, or do you 
require to mix fuel with it ?—I mix with it a very small 
quantity of coke breeze, or in the absence of coke 
breeze I use house refuse—the cinders that are col- 
lected by the scavengers’ carts from the houses. It 
will not burn of itself; it wants a little assistance. 


21917. Have you ever estimated what it is worth as 
fuel ?—I suppose you could put a price on it as fuel ; 
very little, if any. 


21918. Would it not be worth while to ascertain 
whether you lose very heavily on pressing and drying 
the sludge, as against the cost of burning it? You 
are saving fuel by burning the sludge, though probably 
your gain is much less than your loss by drying and 
pressing the sludge ?—The process of drying, pressing, 
and burning is a heavy item inclusive. 


21919. Not the process of burning ; you gain by that ; 
you save fuel. The process of drying and pressing is 
expensive ?—It is expensive even then. 


21920. (Colonel Harding.) Can you give us any 
figures as to the cost of pressing and burning ?—Yes; it 
runs to about 5s. per ton of cake produced. That isa 
fact that I know, because I have tested it times without 
number over extended periods, and cannot get the cost 
less. I have erected specially two of the best furnaces 
in the country for the burning of sludge, and cannot 
wake any reduction in the cost of burning. 


21921. That is clearly not prohibitive, because you 
are proposing to do it ?—It is not prohibitive, although 
the cost is somewhat heavy. 

21922. (Sir William Ramsay.) The cost of pressing 
and drying is 5s. per ton. What is the cost of burning 
—you naturally get something out of that ?—The cost 
of pressing and drying is at the rate of 2s. 6d. per ton, 
and the cost of burning another 2s. 6d., making a total 
of 5s. per ton exclusive of the value of steam preduced, 


Mr. K. F. 
Campbell, 
M.Inst.C.H. 


10 May, 1905. 


en ees 


Mr: K.-F. 
Campbell, 
M.Inst.C.E- 


10 May 1905. 
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which may be disregarded altogether in such cases ; it is 
quite a nominal figure. 


21923. Granted; but what do you make? How 
much do you save in coal by burning sludge? Is it 
worth Qs. as coal >—Much less. 


21924. What then ?—Nothing, for that matter, 


21925. (Colonel Harding.) Would it not contain 50 
per cent. of moisture ?—Yes, it would. 

21926. (Sir William Ramsay.) You said it would not 
work for distillation. If it had much fat in it would it 
not pay for distilling ?—Some people believe that there 
is something in that—extracting the fat and oil. That 
is a question I am going into, because it is worth try- 
ing, and experiments are now in progress. 

21927. (Colonel Harding.) There is, of course, a very 
large quantity of residual ash P—Yes. 

21928. What becomes of it ?—It is very useful to me 
at present, so far as the clinker is concerned, because 
I have to prepare a large area of percolating beds for 
which the clinker is specially adapted. 


21929. So that you are really producing material for 
your beds, aud that must be taken into consideration ? 
—Certainly. 

21930. It may be put to the credit side, and so reduce 
the cost which you told us ?—Yes. 


21931. To what extent ?—The estimates which I have 
gue in for my larger scheme are at about 5s. per cubic 
yard for the filter material which I require. 


21932. And this forms filter material?—A certain 
proportion of it—not more than one-third of it. A good 
deal of it is ash; a good deal of it disintegrates, and 
you can only select the best clinker, which is honey- 
combed and substantially hard and durable. 


21933. That is a very valuable point. Are you able 
to tell us about what proportion of useful material you 
can obtain from a ton of cake P—About one-third of the 
quantity. 

21934. One-third of the ton ?--You mean the propor- 
tion of it? 

21935. Suppose you had a ton of cake, how much 
material do you think you could obtain ?—About one- 
third of a ton residue; of that quantity nine-tenths is 
rather fine material unsuitable for beds, and one-tenth 
adapted for such purposes. 





21936. It is a very important point. If the farmers 
will not take your cake, and you have to dispose of it, 


‘ mically and properly applied to each filter. 


MINUTES OF ‘EVIDENCE : 


and can do so by burning it, dnd if by so doing you 
produce what is useful to you—if that is practicable 


from a financial point of view—it is an important 


result ?—The clinker has another value; there is nothing 
better for ground mortar, making street foundations, 
and so forth. Therefore it has other advantages. I. 
am not going.to say that clinker is all waste—far from — 
it. 

21937. (Sir William Ramsay.) In your answer to 
Question 21653 you say that one acre 1s the most con- 
venient size for a contact. bed. What is the most 
convenient size for a percolating filter )—One acre, 


21938. Would you have the same size ?—Yes, for the 
reason that the sewage can with certainty be econo- 

21939. Do you not find great difficulty in distributing 
over an area of an acre?—No. With a properly con- 
structed distributor such as I have designed for Hud 
dersfield it can be done perfectly satisfactorily. The 
Local Government Board have had it under supervision, 
and have approved of it. I should be glad to send it 
down to the Commission for them to see it. 


21940. In answer to Question 21702 you say that be 
yond some little time for cleaning and repairing the 
sprinkler no attention is needed. Is it a fair question 
to ask how often the sprinkler does require to be 
cleaned and repaired—is it a frequent process ?—It is 
not a frequent process. The sprinkler should operate 
successfully for several months. In cases where there 
is a large installation with irregular flow there must of 
a necessity be more sprinklers employed upon the work 
than the ordinary flow requires. In such cases the 
little attention required in cleaning the arms of the 
sprinkler can if necessity requires be done by ‘the 
ordinary staff when the sprinkler is at rest. 


21941. So that there is no special stoppage ?—No. 

21942. In using these percolating beds do you find 
that they require washing through every now and then? 
—I have never washed mine for 34 years. 


21943. Not by an extra large supply of water ?—No, 
I never pour water through them. 


21944. Do you settle the effluent from these perco- 
lating beds, or is it merely a proposal that it might be 
done?—A proposal to be followed in practice. 

21945. You do not do it at present >—No, but I think 
it should be done; in fact, we are making provisioa for 
it now in our new scheme for giving the effluent. two 
hours’ settlement before discharging into the river. 
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HUDDERSFIELD. 


Appendix to Evidence of Mr. K. F. Campsett. 





Tables showing average analyses of sewage, tank liquors, and filter effluent at 


Huddersfield. 


PROCESSES OF TREATMENT: 
(a) Chemical Precipitation and Double Contact Beds. 


(6) Septic Tanks and Double Contact Beds. 
(January, 1903, to June 17th, 1903) 
(and January 14th, 1904, to December, 1904.) 
(c) Sedimentation Tanks and Double Contact Beds. 
(June 18th, 1903, to January 13th, 1904.) 


(d) Continuous Filtration after Septic Tanks. 


(January, 1903, to June 17th, 1903) 
(and January 14th, 1904, to December, 1904.) 


(e) Continuous Filtration after Sedimentation. 
(June 18th, 1903, to January 13th, 1904.) 
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HUDDERSFIELD. 

SEWAGE— Month ending January 28th, 1903: 
Average daily flow gallons- - - Total rainfall 3°83 inches. 
Maximum daily fiow - - 9 - Rainfall i 
Minimum daily flow - - oe - Rainfall - “f 

AVERAGE ANALYSIS OF SEWAGE. 
Average 
———— Best. Worst. for 
Weekdays. 

Ammoniacal nitrogen as NH, - : . E - 4 “34 1:44 96 

Albuminoid nitrognasNH; - - - - - - 209 ‘790 461 

Nitric nitrogen - : - : ; 2 : 2 eck ae —- 

ES ee ee 71 16°1 12:0 

* Oxygen absorbed from KMnO, in4hours - : : - 4:29 14:0 9:03 
Dissolved oxygen taken up in 24 hours” - : - - oa — - 
Suspended solids - - - - - - - - -~ — — 

Number of samples analysed for the average == 20; 
TANKS— 


Precipitation Tanks— 


Average flow through tanks per 24 hours (5} hours) - - : - 
Amount of sewage precipitated during the month - - - - 
Lime - . - - 
Copperas. - - - 


Amount of chemicals used during the month 


Amount of sludge dealt with during the month 


. 5,476,000 gallons. 
- 153,315,000 gallons. 
- 19 tons 13 ewts. 


- ll tons 


- 132,768 cubic feet = 3,850 tons. 


Average Analysis of Precipitation Liquor. 


















































eS Best. | Worst. Average. 
~Ammoniacal nitrogen as NH; -_— - Za Dieses 1 "64 1:31 :90 
Albuminoid nitrogenas NH, -_ - - = - - "104 320 217 
Nitrie nitrogen - : - : - - s - — = = 
Chlorine - - - - - - : . : : — Se — 
Oxygen absorbed from KMnO, in 4 hours” - - - 2°70 6°44 4:54 
Dissolved oxygen taken up in 24 hours’ - - - - — = Se 
Suspended solids - - - : : d s d nts ges) a 
Number of samples analysed for the average = 19. : 
Septic Tanks— 
. Average flow through the tanks per 24 hours - - - - - - 55,000 gallons, 
Amount of sewage treated in tanks during month - - - - - 1,540,000 
Amount of sludge dealt with from this process during month - - - nil. 
Average Analysis of Septic Liquor. 
——_—_—— Best: Worst. Average. 
Ammoniacal nitrogen as NH, - - “ - “ 2 ‘71 1°64 1-28 
Albuminoid nitrogen as NH; - - - - - : "196 al 286 
Nitric nitrogen - - - - - : é —- = pel 
Chlorine - - - : - - - - - - 76 14°4 11°3 
Oxygen absorbed from KMnO, in 4 hours” - - : 3°00 7°20 5°64 
‘Dissolved oxygen taken up in 24 hours’ - - : - -— = “S 
Suspended solids - - - - - : - - — — = 
\ 
Number of samples analysed for the average (three weeks only) = 15. 
6225—Ap. I. 2a2 
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FILTERS— 
Contact Beds after Chemical Treatment— 
Number of times primary beds were filled during month -~— - fee oeeg Le 
Number of times secondary beds were filled during month . sper ee 


Estimate of amount of tank liquor treated per cube yard per 24 hours ~- 88 gallons, 6 days per week. | 


Average Analysis of Filter Effluent. 








{ 














—-— Best. Worst. Average. 
Ammoniacal nitrogen as NH, - - - - - - 14 24 “13 
Albuminoid nitrogen as NH, - - - - . - "024 080 046 
Nitric nitrogen - - - - : : - 2 — =! _ 
Chlorine - - - - - - - - - - ve 13:9 11:3 
Oxygen absorbed from KMnO, in 4hours - -_ - 46 1-41 84 
Dissolved oxygen taken up in 24 hours - : . -- — -- 
Suspended solids_~— - : - = « - - - — — - 











Number of samples analysed for the average = 18, 


Contact Beds after Septic Treatment— 


Number of times primary beds were filled during month - - - ae 
Number of times secondary beds were filled during month - . - = de 
Estimate of amount of tank liquor treated per cube yard per 24 hours - 82 gallons, 6 days per week: 


Average Analysis of Filter Effluent. 














——— Best. | Worst. | Average. 
Ammoniacal nitrogen as NH; - - - - - - 09 | “20 14 
Albuminoid nitrogen as NH; - - - - - - ‘051 ‘100 080 
Nitric nitrogen - - - - - - - - -- -— —_ 
Chlorine - - - - - - - - - - 8-0 ea 11°6 
Oxygen absorbed from KMnO,; in 4 hours” - - - “67 16 117 
Dissolved Oxygen taken up in 24 hours” - - - - — — — 
Suspended solids’ - - - : - - “ - — — -- 





Number of samples analysed for the average (3 weeks only) « i6. 


Continuous Filter— 


Number of hours filter worked during the month” - - - - - 208 
Amount of tank liquor treated per cube yard per 24 hours - - 66 gallons, 6 days per week. 


Average Analysis of Effiuent. 











canes Best. | Worst. | Average: 
: th ie 

Ammoniacal nitrogen as NH,- - - -.-~ - | 29 | Kd | 37 
Albuminoid nitrogen as NH; - - = : . | 049 “106 074 
Nitric nitrogen - - : : 5 e é é ES | ie shes do 
Ghledie.- = |») eee eee ee ee 6-6 13-9 10-7 
Oxygen absorbed from KMnO, in4 hours -— - | 67 1:8 1°34 
Dissolved oxygen taken up in 24 hours - - - | = — pot 


Suspended solids” - . - - ‘ 4 ae = Fo 








Number of samples analysed for the average = 18. 
rs . 
Remarks.—During the fortnight ending January 7th, the contact beds after septic treatment were not worked. 


April 20th, 1903. K. F; Campbell, Borough Engineer: 
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Month ending February 25th, 1903; 




































































Number of samples analysed for the average == 20. 





SEWAGE-— 
Average daily flow gallons Total rainfall - - - 4-28 inches 
Maximum daily flow - - Be - Rainfall = - : - . ” 
Minimum daily flow - - ie - Rainfall - - - - » 
Average Analysis of Sewage. 
Best Average. 
aero Worst. for 
(Sunday.) Weekdays; 
ie Poet | 
Ammoniacal nitrogen as NH, - - - - . - | “20 1:60 1:10 
Albuminoid nitrogen as NH, - . ; : - - ‘111 990 60 
Nitric nitrogen - - - - é 4 . 5 oe = = 
Chlorine SS ee eee eS 2:9 15+1 11-9 
Oxygen absorbed from KMnO, in 4 hours” - - . 2°26 14-2 10°7 
Dissolved oxygen taken up in 24 hours’ - - 2 - -- = 2h 
Smepended solids —<-— —-.- 5 ee eee = = 
Number of samples analysed for the average = 20; 
- Tanxks— 
Precipitation Tanks— 
Average flow through tanks per 24 hours (5$ hours) - - - - 5,343,000 gallons. 
Amount of sewage precipitated during the month - - . - - 149,610,000 gallons. 
. . fLime - - - - 20 tons 10 cwts. 
Amount of chemicals used during the month \Gopperas : : Boars seas 10 “dite: 
Amount of sludge dealt with during the month - - - - - 123,840 cubic feet = 3,591 tons. 
Average Analysis of Precipitation Liquor. 
serarmnmes Best. Worst. Average.: 
Ammoniacal nitrogen as NH, - - - - - - 30 1°51 1:07 
Albuminoid nitrogen as NH_ - - - - - - 064 *354 “249 
Nitric nitrogen - - - - = $ . . oa | a eee or, 
Chlorine - - - - - - - - - -- -- = 
Oxygen absorbed from KMnO, in four hours - - - 1:89 6°86 5:49 
Dissolved oxygen taken up in 24 hours” - = : 3 ae — aby 
Suspended .solids...-. .-----+- --...- + ' = we ws = 
Number of samples analysed for the average = 20. 
Septic Tanks— 
Average flow through the tanks per 24 hours (24 hours) - - - - 55,000 gallons. 
Amount of sewage treated in tanks during month - -  - = 1,540,000 gallons, 
Amount of sludge dealt with from this process during month ; - none. 
Average Analysis of Septic Liquor. 
2k See | Beat. Worst, - Average: 
Ammoniacal nitrogen as NH, - - - a 1-69 1-60 
Albuminoid nitrogenasNH,; - - -~ - a. -- 45 "359 
Nitric nitrogen - - - u 3 ‘ : . Se one ug 
Ghlorine - - - : : - - : : - 4:1 16°6 121 
Oxygen absorbed from KMnO, in4hours - - - - 3°0 8°11 6°53 
Dissolved oxygen taken up in 24 hours” - - - : = = =a 
Suspended solids - - - - - ee ee te ans ab 
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FIittERs— 


Contact Beds after Chemical Treatment— 


Number of times primary beds were filled during month = - - - ‘- 68 
Number of times secondary beds were filled during month - - - - 68 
Estimate of amount of tank liquor treated per cube yard per 24 hours - - 84 gallons, 6 days per week; 


Average Analysis of Filter Effluent. 














grid hk Best. Worst. Average. - 

Ammoniacal nitrogen as NH, - - - - - - 14 "16 "16 
Albuminoid nitrogen as NH, - - - - - - 024 090 059 
Nitric nitrogen - - - : - S : : ze a eed 
Chlorine - - - - - - - - : 7 69 16°6 13-0 
Oxygen absorbed from KMn0O, in 4 hours - - 3 “41 1-44 : 1-06 
Dissolved oxygen taken up in 24 hours. - : : op =) wif pm 
Suspended solids -  - 2 Z ° 2 - = — de 





Number of samples analysed for the average = 20, 


Contact Beds after Septic Treatment— 


Number of times primary beds were filled during month - ~— - - - 69 
Number of times secondary beds were filled during month - - - 69 
Estimate of amount of tank liquor treated per cube yard per 24 hours - - 73 gallons, 6 days per week: 


Average Analysis of Filter Effluent. 








Average. 








Ammoniacal nitrogen as NH, - - . - - - -20 
Albuminoid nitrogen as NH, - - : - - - 036 
Nitric nitrogen . : - = C . - : -— 
Chlorine = - - e : 2 = - 8°4 
Oxygen absorbed from KMnO, in 4 hours” - - - 63 


Dissolved oxygen taken up in 24 hours — - : : : = 





Suspended solids” - - : : ‘ ; ; , =o 





Number of samples analysed for the average = 20. 
Continuous Filter— 
Number of bours filter worked during the month - - - - - - 384 


Amount of tank liquor treated per cube yard per 24 hours - - - - 182 gallons, 6 days per week. 


Average Analysis of Effluent. 











-—— Best. Worst. Average. 
Ammoniacal nitrogen as NH, - : - - - : "46 11 ‘S1 
Albuminoid nitrogen as NH, - - - : - - 069 “149 093 
Nitric nitrogen : = : = 2 = A . — — —_ 
Chiocinage .-~ h. 5. 9 aiaace tt ee eae eae 71 165 “127 
Oxygen absorbed from KMnO,in4hours - "Ta : oy 1:97 1°4 
Dissolved oxygen taken up in 24 hours. - - . - -- — _ 
Suspended solids — - - ; F : Z " ~ A= | _ 


J 
Number of samples anaiysed for the average = 20. 
April 20th, 1903. | K, F, Campbell, Borough Engineer, 
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‘ HUDDERSFIELD—continued, 
Month ending March 25th, 1908. 
SEwAaGE— 
Average daily flow - : gallons - Total rainfall : - - - 4°30 inches. 
Maximum daily flow - . or . Rainfall - - - - Hs 
Minimum daily flow - . f < Rainfall ° 2. - , ‘ 


Average Analysis of Sewage. 



































Average 
——— Best. Worst. for 
(Sunday). Week-days. 
Ammoniacal nitrogen as NH; - : - - - - | 69 1:10 "79 
Albuminoid nitrogen as NH, - - - : - - 20 “54 “397 
Nitric nitrogen wae - : Poe : = ta — 
Ohlorine - - - - - - - - - - 4°9 12°6° 8-6 
Oxygen absorbed from KMnO, in4 hours - - - - 2°86 10°8 773 
Dissolved oxygen taken up in 24 hours’ - - - - _— — “ 
Suspended solids’ - - : : 5 : Z b aa an; — 
Number of samples analysed for the average = 20. 
Tanks— 
Precipitation Tanks— 
Average flow through tanks per 24 hours (53 hours) - - - - - 5,590,000 gallons. 
Amount of sewage precipitated during the month - - - . - 156,525,000 s 
: : Lime - - . - 17 tons 17 ecwts. 
Amount of chemicals used during the month { Copperas i ' oil ovewin: 
Amount of sludge dealt with during the month - : = = - - 145,152 cubic feet = 4,209 tons. 
Average Analysis of Precipitation Liquor: 
——— Best. Worst. Average. 
Ammoniacal nitrogen as NH; - - - - - - 69 
Albuminoid nitrogen as NH; - - : - - - *129 
Nitric nitrogen - - : : : ! ‘ 5 st 
Chlorine - - - - . - - - - - -- ‘ 
Oxygen absorbed from KMnO, in 4 hours” - - - 2:00 


Dissolved oxygen taken up in 24 hours -— - 4 5 a 


Suspended solids - - - = - : - — 


<« 








Number of samples analysed for the average = 20; 














Septic Tanks— , 

Average flow through the tanks per 24 hours (24 hours) - . : - 55,000 gallons; 

Amount of sewage treated in tanks during month - - - - - 1,540,000 re 

Amount of sludge dealt with from this process during month - - - none. 

Average Analysis of Septic Liquor. 
——— | Best. Worst. Average. 

Ammoniacal nitrogen as NH, - - - - : - "76 1°31 793 
Albuminoid nitrogen as NH; - : - : : et *22 "396 26 
Nitric nitrogen - - - - . . -. — -- _ 
Chlorine - - - - - ~ 5 : P - 6°6 12:9 8:4 
Oxygen absorbed irom KMnO,in4hours - = = 3-1 | 7-09 4°76 
Dissolved oxygen taken up in 24 hours - - - : — | pee be 
Samerieonde  - = > ea _ | — — 





Number of samples analysed for the average = 20. 
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APPENDIX 3 


HvupDERSFIELD—continued. 


FILTERS— 


Contact Beds after Chemical T'reatment— 


Number of times primary beds were filled during month 
Number of times secondary beds were filled during month 


Estimate of amount of tank liquor treated per cube yard per 24 hours 


Average Analysis of Filter Effluent. 





- 71 
- 71 


- 80 gallons (6 days per week)s 

















eS Best. Worst. Average. 
Ammoniacal. nitrogen as NH, - “00 16 ‘06 
Albuminoid nitrogen as NH, - - - - 036 06 043 
Nitric nitrogen : - - - - . — —_ — 
Chlorine - : : - - - - : - - 5°9 13:0 9-0 
Oxygen absorbed from KMnQ, in 4 hours - 243 1-07 “66 
Dissolved Oxygen taken up in 24 hours’ - - — ree pe 
Suspended solids - - - - - - = — — 
Number of samples analysed for the average = 20. 
Contact Beds After Septic Treatment— 
Number of times primary beds were filled during month - - - 72 
Number of times secondary beds were filled during month - - 72 


Estimate of amount of tank liquor treated per cube yard per 24 hours - 


Average Analysis of Filter Effluent. 











73 gallons (6 days per week). 





ee Best. Worst. Average. 
Ammoniacal nitrogen as NH, - . . . - “01 21 09 
Albuminoid nitrogen as NH, - "036 -100 061 
Nitric nitrogen - - - - - - -- — see 
Chlorine 71 12°9 89 
Oxygen absorbed from KMnO, in 4 hours “6 1°39 89 
Dissolved oxygen taken up in 24 hours - - - - — = a 
Suspended solids’ - - - - - — — pe 

Number of samples analysed for the average = 20. 
Continuous Filter— 
Number of hours filter worked during the month - - - - 384 


Amount of tank liquor treated per cube yard per 24 hours - - - 


Average Analysis of Effluent. 


- 1382 gallons (6 days per week). 





Best. 





Ammoniacal nitrogen as NH, - - : f 2 
Albuminoid nitrogen as NH, - - : . 

Nitric nitrogen - - - - ¢ : : 
Chlorine = JE - : : 

Oxygen absorbed from KMnO, in 4 hours” - 

Dissolved oxygen taken up in 24 hours” - : é : 
Suspended solids” - - - : - . ‘ 2 





‘Ol 

04 
71 

BT 





Worst. 


“49 
121 


116 
1-7 


Nuniber of samples analysed for the average = 20. 


April 20th, 1903. 


Average. 


“31 
083 


8-9 
1-23 





K. F. Campbell, Borough Engineer. 
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HuDDERSFIELD—continued. 
Month ending April 22nd, 1903: 

































































SEwace— 
Average daily flow - - gallons . Total rainfall : - - - 2°09 inches. 
Maximum daily flow - . H - Rainfall - - : : 2 » 
Minimum daily flow - - hi - . Rainfall - : : - : ” 
Average Analysis of Sewage. 
eee Dee ee ee eo ee 
Average 
oe aes eee ) Worst. for 
Cvneap, Week days. 
Ammoniacal nitrogen - 1 Og: ne - :73 1-48 1:12 
Albuminoid nitrogen - : - - - - “30 “89 *57 
Nitric nitrogen - E : : 5 y ‘ : aes mt ae 
Ce Sr a 56 16-1 11-0 
‘Oxygen absorbed fromi|KMnO, in4 hours - - --| 2-20 11-9 9-64 
Dissolved oxygen taken up in 24 hours” - - - - — ae tte 
Suspended solids = - 2 f = = : 5 ‘ mice ae Bie 
Number of samples analysed for the average = 20. 
TaNnks— 
Precipitation Tanks, 
Average flow through tanks per 24 hours (5-7 hours) - - - - - 5,312,000 gallons. 
Amount of sewage precipitated during the month - - - - - 148,725,000 oa 
: Pe. ~f{lime - - -  - 17 tons 3 cwts, 
Amount of chemicals used during the month || Copperas : i Meret anes ewta, 
Amount of sludge dealt with during the month - - a. : - 107,136 cubic feet = 3,107 ions. 
Average Analysis of Precipitation Liquor. 
i. J. eee ea 
Aarne Best. Worst. Average. 
Ammoniacal nitrogen” - . - - - - et “89 ; 1°55 1-10 
Albuminoid nitrogen : - - - - : a} 233 459 309 
Nitric nitrogen - . - “ - . : ae — -- = 
a 111 16-9 = 
Oxygen absorbed from KMnOy, in 4 hours - - : 2°61 6°51 4°81 
Dissolved oxygen taken up in 24 hours - - - - - -- a 
Goenended bods © - - - - - - - - -— _ _ 
Number of samples analysed for the average = 17. 
Septic Tanks— i 
Average flow through the tanks per 24 hours (24 hours) - - - - 55.000 gallons. 
Amount of sewage treated in tanks during month - = - : - 1,540,000 ie 
Amount of sludge dealt with from this process during month - - - none. 
Average Analysis of Septic Liquor. 
Be ae 4 Best. Worst. Average. 
Ammoniacal nitrogen - - - - 1-08 1-73 / 1:37 
Albuminoid nitrogen : : - : ; - 269 443 356 
Nitric nitrogen - - : rv =s hg 
Chlorine - - : - - - - 8-4 16:9 11-4 
Oxygen absorbed from KMn0O, in 4 hours” - - 3°86 7-04 5°76 
Dissolved oxygen taken up in 24 hours - : - - — as dss 
Suspended solids - - “ = 2 ; a = 
Number of samples analysed for the average = 17. 
2B 
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FILTERS— 


Contact Beds after Chemical Treatinent— 


Number of times primary beds were filled during month - - - - 


APFENDIX ¢ 


61 


Number of times secondary beds were filled during month - “ogee - 61 
80 gallons (6 days per week), 


Estimate of amount cf tank liquor treated per cube yard per 24 hours - 


























Kstimate of amount of tank liquor treated per cube yard per 24 hours - 


Average Analysis of Filter Effiuent. 


bq Average Analysis of Filter Effluent. 
i? Se Best. Worst. 
eee — eens) Se See — — 
Ammoniacal nitrogen — - - - - : E 07 16 
Albuminoid nitrogen : - - - - 090 110 
Nitric nitrogen - - - - - - ‘ -- -- 
Chlorine - - - - - - - - . - 10-4 15°9 
Oxygen absorbed from KMnO,in4hours - - - - 93 1-60 
Dissolved oxygen taken up in 24 hours” - - - - oe — 
Suspended Rohde - - - - ae wei - - -- -- 
Number of samples analysed for the average = 17. 
Contact Beds after Septic Treatment— 
Number of times primary beds were filled during month - - - 63 
Number of times secondary beds were filled during month anes: 63 


Average. 


“09 
091 
12:0 
1-03 


70 gallons (6 days per week). 




















_-—— Best. Worst. Average. 
Ammoniacal nitrogen - - - - - - - 09 ‘18 14 
Albuminoid nitrogen - - - - - - sig 090 “119 100 
Nitric nitrogen - - - - . - - - —- = — 
Chlorine a - - - - - - - 9-4 15°9 11°9 
Oxygen absorbed from KMnO, in 4 hours” - - | “81 fat 1:21 
Dissolved oxygen taken up in 24 hours” - - - - — — — 
Suspended solids - - - - - - - - -- -- — 

Number of samples analysed for the average = 17; 
Continuous Filter— 
Number of hours filter worked during the month - - : - - 295 


Amount of tank liquor treated per cube yard per 24 hours - - - - 


Average Analysts of Effluent. 








132 gallons (6 days per week.) 


——— 





—— Best. | Worst. | Average. 
Z ae 
Ammoniacal nitrogen - . - - - . - ‘26 ‘78 “54 
Albuminoid nitrogen . - - - - - a 103 "184 12 . 
Nitric nitrogen -- - - - - - - - — oe — 
‘Chlorine - - - - - - - - hile 9-4 15-4 12'3 
Oxygen absorbed from KMnO, in 4 hours - - - ‘97 2°7 1:74. 


Dissolved oxygen taken up in 24 hours- - - - 


Suspended solids” - - - ae = 





Number of samples 


analysed for the average = 17. 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 


HUDDERSFIELD—continued: 


_ Month ending May 20th, 1903. _ 


Sewace— 
Average daily flow - - gallons - Total rainfall - - 
Maximum daily flow : : ss = Rainfall - - - : 
Minimum daily flow - - * - Rainfall - - : - 


Average Analysis of Sewage. 





-. 4:00 inches. 


> 














Average 
rere Best. Worst. for 
(Sunday.) Weekdays, 
Ammoniacal nitrogen Z A S 3 & : “24 1°39 97 
Albuminoid nitrogen - : “it 8 - “141 897 595 
Nitric nitrogen : : : = : : - es | ant | a 
Chlorine - - - - . - - - = 2:9 | 16-1 10°6 
Oxygen absorbed from KMnO, in 4 hours - -~ - 1-69 | 14-04 | 9-29 
Dissolved oxygen taken up in 24 hours - - - ~ = | ee | Soe 
Suspended solids - - - - - 7 > = fet ears 








Number of samples analysed for the average = 20. 


Tanxs— 
Precipitation Tanks— 


Average flow through tanks per 24 hours (5°5 hours) - - - - 
Amount of sewage precipitated during the month - - - - - 


flime - - - 18 tons 16 cwts. 


Amount of chemicals used during the month - 


"5,544,000 gallons. 
155,220,000 _,, 















































\ Copperas - » 14 tons 3 cwts. 
Amount of sludge dealt with during the month - - . -  ~~—-142,992 cubic feet = 4,147 tons. 
Average Analysis of Precipitation Liquor. 
——— Best. Worst. Average. 
Ammoniacal nitrogen - - . - - - ‘42 1:35 298 
Albuminoid nitrogen - - - 140 417 #306 
Nitric nitrogen - - - : - — ae ok 
Chlorine - ne - - : - - -- -- — 
Oxygen absorbed from KMnO, in 4 hours” - 2-06 6°56 4-70 
Dissolved oxygen taken up in 24 hours” - - - - = — ae 
Suspended solids” - - - - - “ - = a rae 
a Number of samples analyszd for the ‘average = 20. a 
Septic Tanks. 

Average flow through the tanks per 24 hours (24 hours) - - - . 55,000 gallons. 

Amount of sewage treated in tanks during month - : y - - 1,540,000 ¥ 

Amount of sludge dealt with from this process during month  - - - none, 

Average Analysis of Septic Liquor. 
——— | Best. Worst. Average, 

Ammoniacal nitrogen - - - : : - - 50 Teil 1-22 
Albuminoid nitrogen : - - - : : : “173 2499 3364 
Nitric nitrogen - 5 : - ! : <= ee es) 
Chlorine - - - - : - - - - . 5-4 16:1 10°6 
Oxygen absorbed from KMnO, in 4 hours - -~— - 2°39 8°86 587 
Dissolved oxygen taken up in 24 hours - - - -- -- oats 


Suspended solids - - - ; : P c 





Number of samples analysed for the average == 20. 
6225—Ap. I. 
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196 APPENDIX § 
FILTERs— 
Contact Beds after Chemical Treatment— 
Number of times primary beds were filled during month  - - - 
Number of times secondary beds were filled during month - - - 


Estimate of amount of tank liquor treated per cube yard per 24 hours 


Average Analysis of Filter Effluent. 








Se Best. 
el ee Ee 
Ammoniacal nitrogen - - - - : - - “00 
Albuminoid nitrogen - - . - - - - :040 
Nitric nitrogen - - - - - : : 2 = 
Chlorine - - - 2 a = . ; 3 7-0 
Oxygen absorbed from KMn0O, in4hours - . - 43 
Dissolved oxygen taken up in 24 hours” - - - : me 
Suspended solids - : : : : : 3 R = 





68 
68 
80 gallons (6 days per week). 











Number of samples analysed for the average = 20, 


Contact Beds after Septic Treatment— 


Number of times primary beds were illed during montk- - : 
Number of times secondary beds were filled during month~ - - 


Estimate of amount of tank liquor treated per cube yard per 24 hours - 


Average Analysis of Filter Effluent. 


Worst; Average. 
225 13 
:123 :080 

15-4 pie 
1:59 91 

72 

72 


70 gallons (6 days per week). 

















Best. Worst; . Average. 

Ammoniacal nitrogen - - - . - - - 04 823 13 
Albuminoid nitrogen - - - - - - - 06 124 :098 
Nitric nitrogen - - - - - - - - — -- -- 
Chlorine - - - - - - - - 6°6 1571 11-1 
Oxygen absorbed from KMnO, in 4 hours - - - 51 1:87 1:14 
Dissolved oxygen taken up in 24 hours” - - - - — -- — 
Suspended golids”~ - - = : - - = - — — — 

= : Number of samples analysed for the average == 20. : 

Continuous Filter— 
Number of hours. filter worked during the month - - - - - 327 
Amount of tank liquor treated per cube yard per 24 hours - 2 Sit - 132 gallons (6 days per week). 


Average Analysis of Effluent. 











—— Best. 
Ammoniacal nitrogen - - - - - - x), 04 
Albuminoid nitrogen - - - - - : - 069 
Nitric nitrogen - - c : s ; z ae 
‘Chlorine - - 3 - 5 : = : = 5 5-4 
Oxygen absorbed from KMn0O, in 4 hours” - - - "50 
Dissolved oxygen taken up in 24 hours” - - - - — 
‘Suspended solids - : 2 . : - - — 








Number of samples analysed for the average = 18. 





Worst. Average. 
oe "24 
18] 102 

16:0 lis] 
2°76 1:27 


K, F, Campbell, Borough Engineer. 
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Month ending June 17th, 1903. 




















Dissolved oxygen taken up in 24 hours 


‘Suspended solids © 2 : 











Number of samples analysed for the average = 18. 


Septic Tanks— 


Average flow through the tanks per 24 hours (24 hours) 


Amount of sewage treated in tanks during month - = 
Amount of sludge dealt with from this process during month  - - 
First time of sludging since May 10th, 1902. Sewage treated, 21,843,000 gallons. 





Average Analysis of Septic Liquor. 


Average daily flow : gallons - Total rainfall - - . - 1:17 inches, 
Maximum daily flow” - - s - Rainfall - - . - . - 
Minimum daily flow 5 - #: - Rainfall - - - : - 
Average Analysis of Sewage. 
| Average 
——— Bests Worst. | for 
(Sunday.) | Week -days. 
Ammoniacal nitrogen - - 1-56 1:80 1°62 
Albuminoid nitrogen - - 381 905 830 
Nitric nitrogen - - - “Ase - - -- -- -— 
Chlorine - - - - - - - - 6°90 19°4 13°3 
Oxygen absorbed from KMnO, in 4 hours - - 3°61 16-11 11°6 
Dissolved oxygen taken up in 24 hours” - - - -- -- -- 
Suspended solids ~— - - - - : - _ — — 
Number of samples analysed for the average = 20. 
Tanks— 
Precipitation Tanks— 
Average flow through tanks per 24 hours (69 hours) - . - - - 4,414,000 gallons. 
Amount of sewage precipitated during the month - - . - 123,579,000 5 
Amount of chemicals used during the month (RE BS & : : ay ee) ovis. 
\ Copperas - - - 13 tons 8 cwts. 
Amount of sludge dealt with during the month - . - - . - 138,096 cubic feet = 4,005 tons. 
Average Analysis of Precipitation Liquor. 
——— Best. | Worst. Average. 
f 
Ammoniacal nitrogen - 1-90 1°72 1:67 
Albuminoid nitrogen - 331 459 413 
Nitric nitrogen - = —_ pa 
‘Chlorine - - - - - - - —— -- -- 
‘Oxygen absorbed from KMnO, in 4 hours - 3°3 9.16 6°20 





55,000 gallons. 
1,540,000 1G 


4,800 cubic feet = 139 tons. 








Ammoniacal nitrogen 

Albuminoid nitrogen 

Nitric nitrogen - 

Chlorine - - - - 

Oxygen absorbed from KMnOy, in 4 hours 
Dissolved oxygen taken up in 24 hours 


Suspended solids = - : . : z 





Best. 


2°04 
354 

79 

4°46 





Worst. 


1°97 
"492 


17°9 
10°06 








~~ Number of samples analysed for the average = 18. 


Average. 


1-90 
474 
13°3 
7°69 





198 APPENDIX 


FILTERS— 
Contact Beds after Chemical Treatment— 
Number of times primary beds were filled during month - - - - 6y 


Number of times secondary beds were filled during month - ea - 69 
Estimate of amount of tank liquor treated per cube yard per 24 hours - 76 gallons (6 days per week). 


Average Analysis of Filter Effluent. 














eae han Se | Best. Worst. Average. 
om Sere es! 

Ammoniacal nitrogen — - . - - - - - 13 34 “18 
Albuminoid nitrogen . - : - - - - 100 12 114 
Nitric nitrogen - - - - - - - - _ -_ | os 
Chlorine - - : : - - - . - 8-1 19-0 13°7 
Oxygen absorbed from KMnO, in4 hours - -~ - ‘87 1:84 | 1:23 
Dissolved oxgyen taken up in 24 hours - - - - a Se | zz 
Suspended solids — - - - ” - ” - ei — — | — 








Number of samples analysed for the average = 18: 


Contact Beds after Septic Treatment— 


Number of times primary beds were filled during month - - - - 69 
Number of times secondary beds were filled during month - - - 69 
Estimate of amount of tank liquor treated per cube yard per 24 hours - 70 gallons (6 days per week). 


Average Anaiysis of Filter Effluent. 

















oo Best. Worst. Average. 
Ammoniacal nitrogen - - . - - - brs, 19 *30 21 
Albuminoid nitrogn - - - = - - «| 105 5198 123 
Nitric nitrogen - - - < : 2 : oar ot Laat 
Chlorine - - - - . - - - - 8-4 17-4 136 
Oxygen absorbed from KMnO, in 4 hours” - - - 2:99 1-96 1°39 
Dissolved oxygen taken up in 24 hours - - - - = = = 
Suspended solids — - - - - - - — _ = 














Number of samples analysed tor the average = 19. 


Continuous Filter— 


Number of hours filter worked during the moneun~ - - - : - 333 
Amount of tank liquor treated per cube yard per 24 hours - - + + 1832 gallons (6 days per week), 


Average Analysis of Ejfjluent. 

















a 

——— Bests | Worst. Average; 
Ammoniacal nitrogen - + -  - ome et 235 “43 | 222 
Albumitivid nitrogen <7) :098 | 146 | 2103 
Nitric nitrogen - - : a - 2 < . pt —~ aes 
Chlorine - ee So - - : - : - - 8-4 17°9 14°1 
Oxygen absorbed irom KMnO,in4hours - - - - yoW) 18 1:21 
Dissolved oxygen taken up in 24 hours” - = - : ~- | -- | -~ 
Suspended solids = - : 3 : : = A - | ee re ons 

va ce er 





Number of samples analysed for the average = 19. 
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HuDDERSFIELD—continued; 
Month ending July 15th, 1903, 

















SrwacgE— 
Average daily flow - - gallons - Total rainfall - - - - 1:24 inches, 
Maximum daily flow - a is - Rainfall = - - - - -s 
Minimum daily flow - - Pe - Rainfall - - - - - a 
Average Analysis of Sewage. 
Average 
—_——— Best. Worst, for 
(Sunday.) Week-days. 
Ammoniacal nitrogen” - - - - - - - 2228 1-48 1°65 
| 
Albuminoid nitrogen . - sth ii.5 - - - 479 "872 833 
Nitric nitrogen - - - : i 2 : eu — pe 
Chlorine A ea Pe ae ee aaa 9-0 18-4 | 15°57 
Oxygen absorbed from KMnO ain4hours - - - - 5°96 15-70 13°56 
Dissolved oxygen taken up in 24 hours” - - - - —- — = 
Suspended solids - - - - - - - 4 = {se nm 

















Number of samples analysed for the average = 20. 


Tanks— 
Precipitation Tanks— 


Average flow through tanks per 24 hours (7:2 hours) - - sitar hat 5 
Amouut of sewage precipitated during the month - - - - - 
Lime - - - - - 
Copperas 
Amount of sludge dealt with during the month : 5 Z 3 5 


4,223,000 gallons. 

118,233,000 gallons. 

22 tons 14 cwts. 

15 tons 5 ewts. 

147,600 cubic feet = 4,280 tons, 


Amount of chemicals used during the month 


Average Analysis of Precipitation Liquor. 
































——— Best. Worst. Average. 
Ammoniacal nitrogen - - - - - > = 1-56 1:44 1°76 
Albuminoid nitrogen - : - - - - - 397 557 “466 
“he 
Nitric nitrogen - - - - = 2 2 r ns zt | Soe 
‘Chlorine - . - - - : Z : ba as = | Fs 
Oxygen absorbed from KMnQ, in 4 hours - - - | 6°64 9-26 S14 
Dissolved oxygen taken up in 24 hours - at Fe sel = = a 
Suspended solids - - ‘ = s B Se | = ss | = 
Number of samples analysed for the average = 20. 
Sedimentation Tank — 
Average flow through the tanks per 24 hours (10 hours) - - - - 131,000 gallons. 
Amount of sewage treated in tanks during month - - - - - 3,144,000 ,, 
Amount of sludge dealt with from this process during month - - - none. 
Average Analysis of Septic Liquor: 
a Best. Worst. Average, 
Ammoniacal nitrogen - - . - : 1-64 1:97 1°74 
Albuminoid nitrogen - - - - “390 2495 445 
Nitric nitrogen - : “ = : “ X yes — an a 
Chlorine - Z : é i ‘ : : 120) 15°86 15:14 
Oxygen absorbed from KMnO, in 4 hours 6°80 9°21 8 26 
Dissolved oxygen taken up in 24 hours - - - - —— -- — 


‘Suspended solids - 














Number of samples analysed for the average = 15. 
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FILTERS— 


Contact Beds after Chemical Treatment— 


APPENDIX : 


Number of times primary beds were filled during month  - - - niga 
Number of times secondary beds were filled during month - " =< 790 
Estimate of amount of tank liquor treated per cube yard per 24 hours - - 76 gallons (6 days per week}. 


Average Analysis of Filter Effiuent. 


er | Best. Worst. . 














| verage. 





























Ammoniacal nitrogen - - . : -09 £23 :23 
Albuminoid nitrogen - - - 102 165 :136 
Nitric nitrogen - - - - bo S ~ = oe — 
Chlorine - - . : - - : - 15°6 17: 16°57 
Oxygen absorbed from KMnO, in 4 hours” - 1-36 ae 1-74 
Dissolved oxygen taken up in 24 hours - - — — =i 
Suspended solids - - = - = 2 - - “= -- ~~ 
| 
Number of samples analysed for the average = 20. 
Contact Beds after Sedimentation— 

Number of times primary beds were filled during month - - - - 61: 

Number of times secondary beds were filled during month - - - 61 

Estimate of amount of tank liquor treated per cube yard per 24 hours - - Ist week, none; 2nd, 3rd, and 

4th weeks, 70 gellons (6 days 
per week). 
Average Analysis of Futer I'ffluent. 
iB 5 tee - Best. Worst. Average: 
Ammoniacal nitrogen - - - - - 18 26 21 
Albuminoid nitrogen - - . - - : - *123 187 165 
Nitric nitrogen - - . - 5 - : : — en = 
Chlorine - - ; : - - : - - 13°57 i6°0 15°86 
Oxygen absorbed from KMnO, in 4 hours” - - - 1:97 2°67 2-29 
Dissolved oxygen taken up in 24 hours - - : = | ate i: 
Suspended solids - - . . - = ne —_ _ —- 
| 
Number of samples analysed for the average = 15. 
Continuous Filter. 
Number of hours filter worked during the month - - - - - 244, 


Amount of tank liquor treated per cube yard per 24 hours - - : - 


Average Analysis of Effluent. 


Ist week, none; 2nd week, 6€ 
gallons; 3rd and 4th week, 
132 gallons (6 days per week). 








Ammoniacal nitrogen = - - . : : 
Albuminoid nitrogen . - : : : 
Nitric nitrogen - 

Chlorine -. of « : 5 : ‘ 
Oxygen absorbed from KMnO, in 4 hours” - - 
Dissolved oxygen taken up in 24 hours - - 


Suspended solids = - - - . z Ete 





Best. Worst. . Average: 
-09 ‘57 | “19 
089 144 -126 

15-9 / 19-0 15°9 

1-37 2-44 1-7] 














Number of samples analysed for the average = 14. 


August 2Ist, 1903. 


K, F: Campbell, Borough Engineer, 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 
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Month ending August 12th, 1903. 


SEWAGE-— 
Average daily flow a Pe gallons. - Total rainfall 
Maximum daily flow - - re : Rainfall : 
Minimum daily flow - 3 Fr - Rainfall 2 


Average Analysis of Sewage. 


2°34 inches: 

















Average 
SS Best: Worst for 
(Sunday.) Week-days. 
Ammoniacal nitrogen - + -~ - ‘98 1-67 ai 
Albuminoid nitrogen - . i, - : - 384 "766 “713 
Nitric nitrogen - : - ~~ a rs! 
Chlorine -~— - ae . 4 74 17-6 13/1 
Oxygen absorbed from KMnO, in 4 hours - - - 3°66 13-24 11-33 
Dissolved oxygen taken up in 24 hours” - - - - — -- -- 
Suspended solids — - : : : : : : : ee = we 








Tanks— 
Precipitation Tanks— 


Average flow through tanks per 24 honrs (7:1 hours) - 
Amount of sewage precipitated during the month  - - 
Amount of chemicals used during the month e daiey 
Amount of sludge dealt with during the month - - 








\ Copperas - 


Average Analysis of Precipitation Liquor. 


Number of samples analysed for the average = 20. 


: 4,236,000 gallons. 


- 118,617,000 


. 21 tons 6 ewis. - 


= 15 tons: 


- 158,256 cubic feet = 4,589 tons. 




















Best. 
































6325—Ap. I. 














os Worst. Average. 
Ammoniacal nitrogen” - a sa . : “ 1-55 1-72 | 1-49 
Albuminoid nitrogen > La ee 390 410 ‘397 
Nitric nitrogen - - 5 7 : . : : ae ad / = 
Chlorine - - - ’ : a : . : fe a, Pa ae 
Oxygen absorbed from KMn0O, in 4 hours” - - - 5:26 8-16 6:67 
Dissolved oxygen taken up in 24 hours. - = : s ss = bey 
Suspended solids — - - 3 2 d S A = aoe = 
Number of samples analysed for the average = 18. 
Sedimentation I’ank— 
Average flow through the tanks per 24 hours (19 hours)  - - - 131,000 gallons. 
Amount of sewage treated in.tanks during month - - - - 3,144,000 
Amount of sludge dealt with from this process during month - - 46-4 tons. 
Average Analysis of Septic Liquor. 
Se Best. | Worst. Average. 
j 
% | | aaSGS 
Axamoniacal nitrogen : < : : : : eas tea 1-47 | 1°43 
Meee tien OS ee 220 397 | 391 
| 
Nitric nitrogen - - - . - - - “ta == _ -- 
Chlorine - - - - - - - : - “am 10°0 18-0 13°¢ 
Oxygen absorbed from KMnQ, in 4 hours” - - - 4°36 8-46 : 6°6 
Dissolved oxygen taken up in 24 hours - ; : - | ae = ah 
| 
“Suspended solids - - - - 3 : - “ha : — — — 
| { 
Number of samples analysed for the average =19, 
2C 


‘202 APPENDIX : 


¥FILTRRS— 
Contact Beds after Chemical Treatment— 
Number of times primary beds were filled during month - : 68 


Number of times secondary beds were filied during month -. - 68 
Estimate of amount of tank liquor treated per cube yard per 24 hours 75 gallons (6 days per week). 


Average Analysis of Filter Effluent. 

















| 
—_—— Best. | Worst. Average. 
x : See ae nae 
Ammoniacal nitrogen — - . : : . : : 21 3633 16 
Albuminoid nitrogen : : . - - ‘110 165 “125 
Nitric nitrogen . . - - - - - -- ae -- 
Chlorine - - . . - - : - 15°6 10°C 13-0 
Oxygen absorbed from KMnO, in 4 hours” - - - 1:20 bra i 1-41 
Dissolved oxygen taken up in 24 hours - - - - as -- -- 
Suspended solids — - - - - - “ - _ _- -- 
‘ Number of samples analysed for the average = 18. 
Contact Beds afier Sedimentation— 
Number of times primary beds were filled during month - - - - 69 
Number of times secondary beds were filled during month - - - - 69 


Estimate of amount of tank liquor treated per cube yard per 24 hours - 70 gallons (6 days per week). 


Average Analysis 


of Filter Effluent. 























—— = Best. Worst. Averages 

Ammoniacal nitrogen - - - “14 18 14 
| 
Albuminoid nitrogen - -~ - : i “119 ‘151 +152 
Nitric nitrogen - - - - - = < - — ae a 
Chlorine - - Se - - - : . 13°6 16-4 13-4 
Oxygen absorbed from KMnO, in 4 hours” - - - 1-46 2°47 2-00 
Dissolved oxygen taken up in 24 hours” - - - —- a — 
Suspended solids — - - - - - - - - — _ — 
Number of samples analysed for the average = 19. 
Continuous Filter— 
Number of hours filter worked during the month - - - - - - 335 


Amount of tank liquor treated per cube yard per 24 hours - - - - 132 gallons (6 days per week). 


Average Analysis of Effluent. 

















——— Best. Worst. Average. 
& 
Ammoniacal nitrogen - - - - - - - | ‘07 | +32 | 13 
Albuminpid nitrogen egig <u, "eae cee 119 +160 121 
Nitric nitrogen - - : - - - - - -- — -- 
Chlorine = - : : - - - . 1271 1271 12°3 
Oxygen absorbed from KMnO, in 4 hours” - - - 1:20 2°19 | 1-43 
Dissolved oxygen taken up in 24 hours” - - - - -- -- =~ 
Suspended solids = - 3 : ‘ . . L z a = aa . 





| 


ra 








Se a ee 
Number of samples analysed for the average ~= 13. 


October 27th, 19N$. K. F. Campbell, Borough IEngmeer. 


ROYAL COMMISSION ON SEWAGE DISPOSAL. a 203: 


HUDDERSFIELD—continued. 


Month ending September 9th, 1903. 




































































Sewace— 
Average daily flow - zalions : Total rainfall : - - - 6°13 inches.. 
Maximum daily flow - - es : Rainfall - e . , : a, 
Minimum daily flow : - 3 - Rainfall - - . : : oe 
Average Analysis of Sewvuge. 
a z : pee. , 
| Average 
sae | Best, Worst. for 
(Sunday.) Week-days. 
Ammoniacal nitrogen - - - - - : : Lt a | 1:26 1-04 
Albuminoid nitrogen - : af he : - . 302 “721 598 
Nitric nitrogen - - - a . s ; a = = 
Chlorine * - - - - s 9 c a F 59 171 : 11:9 
Oxygen absorbed from KMn0O, in 4 hours” - - : 2°71 13-3 9°97 
Dissolved oxygen taken up in 24 hours. - - - - _ oh ! ix 
Suspended solids - : : ° = < ra x io . ~ 
. | Less 
Number ofjsamples analysed for the average -= 20, 
TankKs— 
Precipitation Tanks: . 
Average flow through tanks per 24 hours (6°3 hours) - - - - - 4,821,000 gallons. 
Amount of sewage precipitated during the month - - - - - 134,991,000 = 
: : ; fj Lime - : - - 20 tons 2 cwts. 
Amount of chemicals used during the month \-Gonperas i : = £SGkaHa a. Ovewban 
Amount of sludge dealt with during the month - - - - - 156,816 cubic feet = 4,548 tons.. 
Average Analysis of Precipitation Liquor: 
nr | Best. Worst. Average. 
Ammoniacal nitrogen” - - - - - - - °75 | 1-40 | 1:17 
Albuminoid nitrogen - . - - - - . 331 | “B44 | “341 
Nitric nitrogen - - - < z - - Sai fee, in = 
Co i a 9-14 14-36 12-14 
Oxygen absorbed from KMnO, in 4 fours” - - sant 4°29 7-4 | 5-64 
Dissolved oxygen taken up in 24 hours” - - - ae — = | abe 
Suspended solids - - : - 2 s =e el aa | = is 
| 
| 
Number of samples analysed for the average a 
Sedimentation Tank— 
Average flow through the tanks per 24 hours (19 hours) - - - - 131,000 gallons. 
Amount of sewage treated in tanks during month - - - - - 3,144,000 a 
Amount of sludge dealt with from this process during month  - - - 62 tons. 
Average Analysis of Septic Liquor. 
__ ee Best. | Worst, Average. 
| | aera 
Ammoniacal nitrogen - . - - ° 1-28 135 1:24 
Albuminoid nitrogen - - - . - 4 “282 | “466 | 330 
Nitric nitrogen - . - - : . * - = += | = 
Chlorine - - - - (oa) Tae : ee 9-6 16-0 119 
Oxygen absorbed from KMnO, in 4 hours” - - : | 3°66 8:19 | 5°70 
Dissolved oxygen taken up in 24 hours - . - ST ~— — — 





Suspended solids - - 5 5 £ F z 








Number of samples analysed for the average = 17. 


6625—UL. 2c2 


204 . APPENDIX : 


FILTERS— 


Dontact Bed after Chemical T'reatment— 
Number of times primary beds were filled during month 


Number of times secondary beds were filled during month - 


Estimate of amount of tank liquor treated per cube yard per 24 hours 


Average Analysis of Filter Effiwent. 


- 35 


(2 weeks only). 


35 
75 galions (6 days per week) 


























| , 
aoe | Best. Worst, | Average. 
Ammoniacal nitrogen : - - - - - - 05 10 | “08 
Albuminoid nitrogen‘ -o(- - - jag - 095 “105 | 097 
Nitric nitrogen - - : - -- — | ae 
Chlorine - - - - - - - - - 10°4 13°9 12°] 
Oxygen absorbed from KMnO, in 4 hours - - S 2 “89 1°53 1:13 
Dissolved oxygen taken up in 24 hours” - - - - Be = = 
Suspended solids - - - - - - - - ~~ —_ ae 
ge hee Number of samples analysed for the average = 9, 


Contact Beds after Sedimentation— 
Number of times primary beds were filled during month = - - - = 335 
Number of times secondary beds were filled during month - - = 2.30 ems 
Estimate of amount of tank liquor treated per cube yard per 24 hours - 70 gallons (6 days per week) 
(2 weeks only). ; 


Average Analysis of Filter Efflwent. 




















—— | Best. Worst. Average. 
iS pare SC ae Sree lee ks. | 
Aimmoniacal nitrogen ~-s-s.ae 25s ee | 09 ae -12 
Aibuminoid nitrogen - - - . - - = "106 | 147 ‘131 
Nitric nitrogen - - - - - - - i.4 ag zl a 
Chlorine . - : - : - - : - | 11 13°6 12°] 
Oxygen absorbed from KMnO, in + hours - - - | 1°44 2:26 1-69 
Dissolved oxygen taken up in 24 hours” - - - - | = pe = 
Suspended solids - ~ - = = 2 2 = | =o a as 

Number of samples analysed for the average = 8. 
Continuous Filter— 
Number of hours filter worked during the month - . 2 - = - 340 


Amount of tank liquor treated per cube yard per 24 hours - - - - 182 gailons (6 days per week). 


Average Analysis of Effluent. 























eg Best. Worst. Average. 
Ammoniacal nitrogen - - : 3 . 5 : | “15 -39 . 12 
Albuminoid nitrogen - - - - : - 1 073 7138 105 
Nitric nitrogen . S : 2 : ? ae mis et 
Chlorine - - : - - - - - - Sy ee 11°57 11-86 
Oxygen absorbed.from KMnQ, in 4 hours - - - “914 1-67 1-28 
Dissolved oxygen taken up in 24 hours” - ag - + a = re 
Suspended solids —- - - 5 s 2 ‘ 4 ane = te 











Number of samples analysed for the average = 17: 
Remarxs.—The contact beds after chemical treatment were allowed to rest from August 12th to 26th. 
The contact beds after sedimentation were allowed to rest from August 12th to 26th: 
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HUDDERSFIELD—continued. 
Month ending October 7th, 1903; 








Szmwage— 
Average daily flow - - gallons . Total rainfall ot - - 4-90 inches. 
Maximum daily flow - : — - Rainfall 3 
Minimum daily flow = 2 a = Rainfall - . - + 
Average Analysis of Sewage. 
: Average 
—— Best. Worst. for 
(Sunday. ) | Weekdays. 
Ammoniacal nitrogen ae 4 -~$0e% - je 83 1-28 1-12 
Albuminoid nitrogen - - - . - - 217 640 573 
Nitric nitrogen Et Cre , - aes ae we 
Chlorine - - - - - - - - 4°86 14:0 12°0 
Oxygen absorbed from KMnOz in 4 hours - - - 2°46 12°7 9-69 
Dissolved oxygen taken up in 24 hours -~— - : - —= | =< Es 
Suspended solids. - - - ‘ ene : F — | ae = 











Number of samples analysed for the average = 20; 


Tanks— 


Precipitation Tanks. 
Average flow through tanks per 24 hours (6:1 hours) - 
Amount of sewage precipitated during the month G - - 
Amount of chemicals used during the month Ean ' 


Amount of sludge dealt with during the month - 


Average Analysis of Precipitation Liquor. 








- 4,962,000 gallons. 
- 138,945,000 ae 


- 20 tons 6 cwts: 
12 tons 4 cwts. 


- 130,320 cubic feet = 3,779 tons. 





Best. | 








—— Worst | Average. 
Ammoniacal nitrogen - - - - - - - 40 | 1-03 188 
-Albuminoid nitrogen - - - - - - - 211 ' 445 302 
Nitric nitrogen. - - - - - - - - — -- ne 
‘Chlorine - - - - - - - - - . 6:00 14-9 10:0 
‘Oxygen absorbed from KMnO, in 4 hours” - - - 2-96 8-44 5-04 
Dissolved oxygen taken up in 24 hours” - - - - -- -- -- 
Suspended solids - - - - Z - _ ~ 








Number of samples analysed for. the average = 13: 


; Sedimentation Tank— 


Average flow through the tanks per 24 hours (10 hours) - 
Amount of sewage treated in tanks during month = - - 


- 131,000 gallons. 


- 3,144,000 a 








Amount of sludge dealt with from this process during month  - - 58 tons. 
Average Analysis of Septic Liquor. 
a | Best. | Worst. Average. 
| ‘ 
Ammoniacal nitrogen - - - - : - - | “41 1:19 “117 
_Albuminoid nitrogen Se tac aa ‘192 -423 334 
Nitric nitrogen - - - : - - - - == = -- 
Chlorine - “ : é 2 61 14-9 AT 
Oxygen absorbed from KMn0Oy, in 4 hours - 3-04 8:10 5:86 


Dissolved oxygen taken up in 24 hours” - - - - 
‘Suspended solids 2 ~ =e : é 








Number of samples analysed for the average = 19: 


206 APPENDIX : 


FILTERS— 
Contact Beds after Chemical Treatment— 
Number of times primary beds were filled during month - * - - 44 
Number of times secondary beds were filled during month - - - at 


Estimate of amount of tank liquor treated per cube yard per 24 hours - 


Average Analysis of Filter Effluent, 


75 gallons, 6 day per week — 


(3 weeks only). 




















—— | Best. Worst. Average. - 
Ammoniacal nitrogen - - - - - - “ ‘00 07 06 . 
Albuminoid nitrogen - - - 2 - - : #591 131 077 
Nitric nitrogen - - - - - : -- — — 
Chlorine - : - : : ° > = ; = 74 15°0 101 
Oxygen absorbed from KMnO,in4hours - - - Pe 53 Ley 91 
Dissolved Oxygen taken up in 24 hours - : - - | -- - — 
Suspended solids - - - - - . 3 ad hs | oe A: 
Number of sumples analysed for the average = iv. 
Contact Beds after Sedimentation. 
Number of times primary beds were filled during month - s a = +67 
Number of times secondary beds were filled during month - - - - 67 


Estimate of amount of tank liquor treated per cube yard per 24 hours 


Average Analysis of Filter Effluent. 











- 70 gallons, 6 days per week. 




















———— Best. Worst. Averages 
Ammoniacal nitrogen - - - - - : “an *00 ‘13 10 
Albuminoid nitrogen - - - - - - | “064 “161 "128 
Nitric nitrogen - - - . - - - a, jake = ant 
Chlorine ee. 2 eee ee) 7 7-57 149 11-4 
Oxygen absorbed from KMnO, in 4 hours - - - oat “91 2°39 1°63 
Dissolved oxygen taken up in 24 hours” - - - - | —- —_ = 
Suspended solids - - - - = - = — — a 

Number’ of, samples analysed for the average= 19. 
Continuous Filter— 
Number of hours filter worked during the month - - - - - 332 


Amount of tank liquor treated per cube yard per 24 hours - - - 


Average Analysis of Effluent. 

















- 132 gallons, 6 days per weeks- 





eee | Best. Worst. Average. 
= 

Ammoniacal nitrogen - “tae: - : - - | 01 eaT. of Lt 
Kibmaiine et niece ee a ee rae oes 061 153 095 
Nitric nitrogen - - - - - - - - — — -—- 
Chlorine ier gr i) alee hes eh 8-6 15-0 11-4 
Oxygen absorbed from KMnOj; in 4 hours” - - - “64 2°43 1-19 
Dissolved oxygen taken up in 24 hours” - - : Pe | ss en oa 





Suspended solids - - - % M : - | =a 











Number of sumples analysed for the average = 20. 


Remarks.—The contact beds after chemical treatment were allowed to rest from September 25th to October 4th,_ 
whilst the surface layer of the primary bed was being renewed. 
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SzEwace— 











HupDpERSFIELD—continued. 


Month ending November 4th, 1903. 























Number of samples analysed for the average -= 18. 


‘Tanxs— 
Precipitation Tanks-~ 


Average flow through tanks per 24 hours (5:5 hours) - - - - 
Amount of sewage precipitated during the month  - - - - 


Amount of chemicals used during the month { 


Lime = a =. 
Copperas 


Amount of sludge dealt with during the month - : é : - 


Average Analysis of Precipitation 





Liquor, 














Average daily flow gallons . Total rainfall : - - - 6°77 inches 
Maximum daily fon - ie - Rainfall - : - - - * 
Minimum daily flow - a - Rainfall - - : . : ” 
Average Analysis of Sewage. 
| Average 
——— Best. Worst. for 
(Sunday. : Week-days. 
| 
Ammoniacal nitrogen - - : - 56 “74 46 
Albuminoid nitrogen - - “ - - 213 566 +340 
Nitric nitrogen : - . - ; 2 : a> ay pe 
‘Chlorine - . - - : - - 4-6 12°6 8°7 
‘Oxygen absorbed from KMnO, in 4 hours. - - | 1-71 9°64 6°20 
Dissolved oxygen taken up in 24 hours’ - : : | a dat Bee 
Suspended solids = 99 =. 2. | = aos “ 


- 5,482,000 gallons. 


- 153,495,000 
- 13 tons 1 cwt. 
- 7 tons 3 cwts. 


- 129,168 cubic feet = 3.746 tons. 
































ee Best. Worst. | Average. 
Ammoniacal nitrogen - - . = 2 ‘ zoe | 62 43 
Albuminoid nitrogen - : z #177 259 -197 
Nitric nitrogen - - “ i ae at = 
CI 61 10°9 8°5 
Oxygen absorbed from KMnO, in 4 hours - - - 1-94 4°69 3°19 
Dissolved oxygen taken up in 24 hours - = z a —— pa ae 
‘Suspended solids - . - - : : s eS = — 
Number of samples analysed for the average = 18. 

Sedimentation Tanks— 

Average flow through the tanks per 24 hours (10 hours) - - - - 131,000 gallons. 

Amount of sewage treated in tanks during month - - - - ~- 3,144,000 ,, 

Amount of sludge dealt with from this process during month - - - None. 

Average Analysis of Septic Liquor. 
——— | Best. Worst, | Average. 
| 

Ammoniacal nitrogen - = < . z -49 “70 "50 
Albuminoid nitrogen - - - - : - : "157 £220 | 181 
Nitric nitrogen 2 4 a 2 ‘ Q : oe atts iy 
‘Chlorine - . - - = Z 5 : : 6:0 10-4 7°86 
Oxygen absorbed from KMnO, in 4 hours” - F : 2-04 4:29 3-07 
Dissolved oxygen taken up in 24 hours” - . ~ - _ -- -~ 


Suspended solids = -- ; : E 


Number of samples analysed for the average = 18, 
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FIntERrs— 


APPENDIX : 


Contact Beds after Chemical Treatment— 


Number of times primary beds were filled during month 


Number of times secondary beds were filled during month “4 Ne 
Estimate of amount of tank liquor treated per cube yard per 24 hours 








Average Analysis of Filter Effluent. 





Ammoniacal nitrogen 


Albuminoid nitrogen 


Nitric nitrogen 


Chlorine = 


Oxygen absorbed from KMnO, in 4 hours 


Dissolved oxygen taken up in 24 hours 


Suspended solids 


Contact Beds after Sedimentation— 
Number of times primary beds were filled during month 


Number of 





Best, 


Number of times secondary beds were filled during month - - - 
Estimate of amount of tank liquor treated per cube yard per 24 hours 


Average Analysis of Filter Effluent. 





Ammoniacal nitrogen 


Albuminoid nitrogen 


Nitric nitrogen 


Chlorine - 


Oxygen absorbed from KMnO, in 4 hours 


Dissolved oxygen taken up in 24 hours 


Suspended solids 





Continuous Filter— 


Best. 











Number of hours filter worked during the month 


Amount of tank liquor treated per cube yard per 24 hours 


02 
“069 


‘614 





Average Analysis of Effluent: 





Best. | 





Ammoniacal nitrogen 


Albuminoid nitrogen 


Nitric nitrogen 


Chlorine - a° 


Oxygen absorbed from KMnO, in 4 hours 


Dissolved oxygen taken up in 24 hours 


Suspended solids 





Fa 








‘Ol 
033 


70 
“46 





Number of samples for the average = 18. 


- 65 
- 65 


Worst. 





:01 

057 
10°4 

2643 


samples analysed for the average = 18, 


- 66 
- 66 


Worst. 


206 
098 


10-0 
1-06 


Number of samples analysed for the average = 18. 


a Fy fae 








75 gallons, 6 days per week. 


Average. 


“01 
047 


69 gallons, 6 days per weeks 


Average. 


*02° 
07 


- 182 gallons, 6 days per week. 


Worst. 


1 63 
“091 


10-6 
“80 


ome 





Average. 


02 
055 

79 + 
67 





K. F. Campbell, Borough Engineer. - 
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HUDDERSFIELD —continued. 
Month ending Decemher 2nd, 1903. 







































































SEWAGE— 
Average daily flow - - gallons - Total rainfall - - - - 1:63 inches 
Maximum daily flow. - - « . Rainfall . : - - - - 
Minimum daily flow - . re - Rainfall - - - - - o 
Average Analysis of Sewage. 
Average 
—_--— Best. Worst, for 
(Sunday.) | Week-days. 
Ammoniacal nitrogen - - - - : : - 1:05 1-10 1-01 
Albuminoid nitrogen i - FF gase - - - 328 “799 584 
Nitric nitrogen . ; é aati . 2 A — ae wt 
Chlorine - Bet <t - - - - - - 5°6 12:4 121 
Oxygen absorbed from KMn0, in4hours - : : : 2-39 12:8 9-81 
Dissolved oxygen taken up in 24 hours - - - . a = mon 
Suspended solids - - - - - : ; é nis mae ate 
Number of samples analysed for the average = 20. 
TANKS— 
Precipitation Tanks— 
Average flow through tanks per 24 hours (5°6 hours) - . - - - 5,402,000 gallons. 
Amount of sewage precipitated during the month - - a Ge - 151,260,000 gallons 
: ; ( Lime . - - - 18 tons 19 ewts. 
Amount of chemicals used during the month Ltopaend’. ° : Pere tay ee 
Amount of sludge dealt with during the month = - - - - - 114,192 cubic feet = 3,312 tons. 
J 
Average Analysis of Precipitation Liquor. 
ace Best. Worst. | Average. 
Ammoniacal nitrogen = - - - - - - - 1-05 d De 1:02 
Albuminoid nitrogen - - . . . - - “Sol 410 "345 
Nitric nitrogen - - - - - - - - as =< ae 
Chlorine = - - - - - - _ 9:0 13°6 11-6 
Oxygen absorbed from KMnO, in 4 hours~ - - - aa 6°79 534 
Dissolved oxygen taken up in 24 hours” - 2 Me . ea =) — 
Suspended solids” - - - - - - - - -- -~ oom 
Number of samples analysed for the average = 20. 
Sedimentation Tank— - 
Average flow through the tanks per 24 hours (10 hours) - - - - 13],000 gallons. 
‘Amount of sewage treated in tanks during month - - - - - 3,144,900 _,, 
Amount of sludge dealt with from this process during month’ - - - 62 tons. 
Average Analysis of Septic Liquor. 
ae | Best. | Worst. Average. 
Wiecmeeniiitopen «Cl - CCC Cl | 1-11 1°38 “115 
Albuminoid nitrogen. - - ba - - - 279 426 ‘374 
Nitric nitrogen - - - - - - - - = — 3 
Chlorine - - - : = . : . 9-1 13-1 tice 
Oxygen absorbed from KMnO, in 4 hours” - - - 3°89 6°71 | 5-42 
Dissolved oxygen taken up in 24 hours - 3 . ¥ | ees a | = 
Suspended solius> - - : : : < : 7 | —e | ~ ~- 
Number of samples analysed for the average = 18. es 
2D 
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210 APPENDIX : 


FInrers— 


Contact Beds after Chemical Treatment— 


Number of times primary beds were filled during month . 70) 
Number of times secondary beds were filled during month - - - 70 
Estimate of amount of tank liquor treated per cube yard per 24 hours ~- 76 gallons (6 days per week). 


Average Analysis of Filter Effluent. 














a Best. | Worst. ‘oes 
Ammoniacal nitrogen - - - - - - - 02 18 :09 
Albuminoid nitrogen - - - - - - . ‘064 132 089 
Nitric nitrogen . - - - - . - - “79 56 83 
Chlorine - - - - - - - - - ee 11:0 14:0 11-4 
Oxygen absorbed from KMnO, in 4 hours” - - - 66 “96 80 
Dissolved oxygen taken up in 24 hours. - - - - _ — =. 
Suspended solids. - - -~ - 20) pie eet oa = a 





Number of samples analysed for the average -= 20. 


Contact Beds after Sedimentation— 


Number of times primary beds were filled during month’ - - - - 71 
Number of times secondary beds were filled during month - - - wert 
Estimate of amount of tank liquor treated per cube yard per 24 hours - 68 gallons (6 days per week). 


Average Analysis of Filter Effluent. 








ae | Best. Worst. Average. s 
Ammoniacal nitrogen - “ - - - - - “09 15 -09 
Albuminoid nitrogen - - - - - - - -081 141 118 
Nitric nitrogen - - - - - - : - 1:03 43 “53 
Chlorine - - : - - - ; - - a 9-0 11:9 11-1 
Oxygen absorbed from KMnO, in 4 hours” - - - | :76 1°40 1:31 
Dissolved oxygen taken upin24hours - - - - | == = = 


Suspended solids - - - - - 2 : 





Number of samples analysed for the average = 19. 


Continuous Filter— 


Number of hours filter worked during the month - - 4 2 cous 
Amount of tank liquor treated per cube yard per 24 hours - - - - 132 gallons (6 days per week). 


Average Analysis of Effluent. : 
ee hl TT ee ag men cnn 











a Best. Worst. Average. 
Ammoniacal nitrogen - - aeer é ‘ i 03 26 20 
Albuminoid nitrogen - - E : J . -095 eee & Gi -108 
Nitric nitrogen - - - : - - = 2 -96 73 -98 
Ghiccne +) 2 epee ages eed ae 11-0 13-4 11-4 
Oxygen absorbed from KMn0O, in 4 hours” - - = 74 1:43 1:16 
Dissolved oxygen taken up in 24 hours - é 2 2 — __ = 
Suspended solids . = E , s . a ae a 





y Number of samples, analysed for the average = 18. 


K. F. Campbell, Borough Engineer. 
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ROYAL COMMISSION ON SEWAGE DISPOSAL. 
HUDDERSFIELD—continued. 
Month ending December 30th, 1903. 

SrwsaGE— 

Average daily How . - gallons - Total rainfall - - - - 2°15 inches. 

Maximum daily flow - . as - Rainfall e a “ a . ns 

Minimum daily flow - - be . Rainfall 2 : : : s 2 

Average Analysis of Sewage. 
\ 
Average. 
--—— Best. Worst. for 
_ (Sunday.) Weekdays. 
| 
Ammoniacal nitrogen - - - - : - - *59 1°39 94 
Miewamed uiropn th. 7.) Se. 213 -680 “499 
Nitric nitrogen - - - - - - - = —= ae aes 
Chlorine - - ro ie - ° - - : - 5°43 13-0 10°43 
Oxygen absorbed from KMnO, in 4 hours” - - - 3°16 11-64 9°26 
Dissolved oxygen taken up in 24 hours” - - - - =e ss ce 
Suspended solids’ - : - - - - . - — ae ae 
Number of samples analysed for the average = 19. - 
TanKs— 
Precipitation Tanks— 
Average flow through tanks per 24 hours (5°6 hours) - - - - 5,391,000 gallons. 
Amount of sewage precipitated during the month’ - - - - - 150,960,000 gallons. 


Amount of chemicals used during the month f Lime- + = - - 
(Copperas - = : 


Amount of sludge dealt with during the month’ - - “ a 4 





17 tons 7 ewts. 
10 tons 13 ewts. 
99,648 cubic feet = 2,890 tons, 











Average Analysis of Precipitation Liquor: 
er wes Best: | 
Ammoniacal nitrogen - - - “ 3 : “59 
Albuminoid nitrogen . . - - - - - 197 
Nitric nitrogen - . - : . 2 3 : ee 
Chlorine - : - = 5 . <3 . 3 6-6 
Oxygen absorbed from KMnO, in 4 hours - - - 2°90 
Dissoived oxygen taken up in 24 hours” - sere R oe 
Suspended solids’ - - - - - - . : sie 





Number of samples analysed for the average == 12; 


Sedimentdtion Tank— 


Average flow through the tanks per 24 hours (19 hours) - - - - 
Amount of sewage treated in tanks during month - - - - - 
Amount of sludge dealt with from this process during month - - - 


Average Analysis of Septic Liquer. 











oo Best. 
Ammoniacal nitrogen” - - - - 2 : 3 70 
Albuminoid nitrogen - 2 . . Ss : , +204 
Nitric nitrogen > - - < “ E ; ‘ = 
Chlorine - - - - : a 2 5 6°4 
Oxygen absorbed from KMnO, in 4 hours - A ee 2°80 
Dissolved oxygen taken up in 24 hours - . - - = 
Suspended solids - - a =e - 5 ye 








Number of samples analysed for the average = 1°7 
6225—Ap. I. 





Worst. | Average. 
406 *287 
12°] 9°6 
6°31 4°61 





131,000 gallons. 
3,144,000 gallons. 


Worst. Average. 
| 
1-24 1:05 
403 *306 
13-1 10-4 
6°69 5:16 


212 APPENDIX : 
HuDDERSFIELD——continued. 
FILTERs— 


Contact Beds after Chemical Treatment— 


Number of times primary beds were filled during month - 
Number of times secondary beds were filled during month - 


- - 43 
- - 43 


Estimate of amount of tank liquor treated per cube yard per 24 hours - 76 gallons, 6 days per week. 


Average Analysis of Filter Effluent. 


















































een | Best. | Worst. | Average. 
Ammoniacal nitrogen - Sa) - - - - 02 15 “0S 
Albuminoid nitrogen = = = - < - “056 105 07 
Nitric nitrogen - - - - - - “76 1-4 1°36 
Chlorine - - - - - - - - - - 10°3 10°2 9°6 
Oxygen absorbed from KMnO, in 4 hours” - - . “iT 1:09 73 
Dissolved oxygen taken up in 24 hours - - - - -- — -- 
Suspended solids” - - - - - - : - — -- _ 
Number of samples analysed for the average = 12. 
Contact Beds after Sedimentation —- 

Number of times primary beds were filled during month - - - 66 

Number of times secondary beds were filled during month - - - 66 

Estimate of amount of tank liquor treated per cube yard per 24 hours  - 67 gallons, 6 days per week. 

Average Analysis of Filter Effluent. 
a Best. Worst. | Average. 
| | | 
Ammoniacal nitrogen - - - - - - - 07 “20 94 
Albuminoid nitrogen - - - - - - - 075 "12 095 
Nitric nitrogen - - - - - - - - 1-1] 66 “84 
Chlorine - - - - - - - - - : 7:0 12°6 10°4. 
Oxygen absorbed from KMnO, in 4 hours” - - . “64 1°67 1:37 
Dissolved oxygen taken up in 24 hours” - - - . -- -- -- 
Suspended solids” - - - - - - - - — — = 
Number of samples analysed for the average = 17. 
Continuous Filter— 
Number of hours filter worked during the month - - - - 325 


Amount of tank liquor treated per cube yard per 24 hours - 


Average Analysis of Effiwent. 


- - 132 gallons, 6 days per week 











——— | Best. | Worst. Average. 
Ammuniacai nitrogen - = - - 2 = E 20 | 42 *32 
Albuminoid nitrogen - - - : : ‘073 163 110 
Nitric nitrogen - - - - - - - - 1-24 1:10 1-09 
Chlorine - oss : ety Bs - - - - 6°6 12°6 10-1 
Oxygen absorbed from KMnO, in 4 hours’ - - - “69 1°67 1:34 
Dissolved oxygen taken up in 24 hours. - - - - a — bo 
Suspended solids” - - - - - - - - — _— — 














Number of samples analysed for the average = 17. 





K. F. Campbell, Borough Engineer. 


SEWAGE— 


Average daily flow - 
Maximum daily flow - 
Minimum daily flow - 


HUDDERSFIELD—continued, 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 
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Month ending January 27th, 1904. 


gallons - 
- Rainfall 
- Rainfall 


9 


9 


Average Analysis of Sewage. 


Total rainfall 


- 3:18 inches. 


: - ” 


rs > as ”? 























Average 
—_—— Best. Worst. for 
(Sunday.) Weekdays. 
Ammoniacal nitrogen - - : - - . 69 1°39 94 
Albuminoid nitrogen - - : - - 295 ‘828 511 
Nitric nitrogen - - : - - - hs mes ae a 
Chlorine - - - - - - - ° - : 54 14°6 LEY 
Oxygen absorbed from KMnO, in 4 hours - -~— - 3:21 13°44 9°94 
Dissolved oxygen taken up in 24 hours 2 - - ne =e =, 
Suspended solids - -~— - - . - --% — — — 
Number of samples analysed for the average = 20. 
Tanxs— 
Precipitation Tanks— 
Average flow through tanks per 24 hours (5°4 hours) - - - - - 5,635,000 gallons, 
Amount of sewage precipitated during the month - - - - - 157,770,000 ,, 
{lime - - - - 18 tons 16 cwts. 


Amount of chemicals used during the month 


| Copperas : - 


Amount of sludge dealt with during the month - - = P 





Average Analysis of Precipitation Liquor. 


11 tons 11 cwts. 
101,282 cubic feet = 2,936 tons. 























ne | Best. Worst. Average. 
Ammoniacal nitrogen - - - - - - - 28 1:22 88 
Albuminoid nitrogen - - - - - - - 206 393 +290 
Nitric nitrogen - - - - - - - - = — = 
Chlorine - - - - - - - - - - 6:4 15:1 11-0 
Oxygen absorbed from KMnQ, in 4 hours” - - - 2°76 7-60 5°27 
Dissolved oxygen taken up in 24 hours - : : - -- — — 
Suspended solids - - - - - : - - — = nat 
Number of samples analysed for the average = 20. 
Sedimentation Tanks— 
Average flow through the tanks per 24 hours— 
From Dec. 31st to Jan. 13th (10 hours) - - - - - 131,000 gallons. 
From Jan. 14th to Jan. 27th (24 hours) - - - - - 55,000 #5 
Amount of sewage treated in tanks during month - - - - - 2,604,000 - 
Amount of sludge dealt with from this process during month - - - 
Average Analysis of Septic Liquor. 
eas Best. Worst. Average. 
Ammoniacal nitrogen - - - - - - - “37 1°55 1:05 
Albuminoid nitrogen - - = : - - - °193 *439 293 
Nitric nitrogen - - - - - - - - a — ae 
Chlorine - - - - - - - - - - 70 16°0 11°3 
Oxygen absorbed from KMnO, in 4 hours” - . - 3°14 779 5°39 
Dissolved oxygen taken up in 24 hours - - - : — a be 
Seeeied sds = A em creme Ais = ne a 








Number of samples 


analysed for the average 





== 20. 
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FILVERS— 
Contact Beds after Chemical Treatment— 


Number of times primary beds were filled during month - = % 
Number of times secondary beds were filled during month Sonemie 
Estimate of amount of tank liquor treated per cube yard per 24 hours 


Average Analysis of Filter Effluent. 








aa Best. 
Ammoniacal nitrogen = - - - . - - - ‘00 
Albuminoid nitrogen - - - - - - - 046 
Nitric nitrogen - oS tie : - - - - :99 
Chlorine - - - - - - - - - - 7:0 
Oxygen absorbed from KMnO, in4hours - - - - 50 
Dissolved oxygen taken up in 24 hours” - . - - -- 
Suspended solids - - - - - - - - — 





Number of samples analysed for the average = 20, 


Contact Beds after Sedimentation— 


Number of times primary beds were filled during month - - - 
Number of times secondary beds were filled during month - - - 
Estimate of amount of tank liquor treated per cube yard per 24 hours 


Average Analysis of Filter Effluent. 














69 
69 


76 gallons, 6 days per week. 


Worst. 


13 
‘091 
-96 

12:0 

Vl 


4 


72 
i e 


Average. 


08 
‘068 
1:07 
10°9 
“17 


66 gallons, 6 days per week. 





Se Best. | Worst. | Average: 
Ammoniacal nitrogen - - - . - - - 02 18 -09 
Albuminoid nitrogen - - - . : . - 067 116 088 
Nitric nitrogen - - - - : 2 : “87 -69 1h 
Chlorine - : - - - - - - - 79 14:0 10°9 
Oxygen absorbed from KMnO, in¢4hours_ - - - - fa 1:79 1°20 
Dissolved oxygen taken up in 24 hours” - - - - = is dak 
Suspended solids - - - - - - - - — = me 
Number of samples analysed for the average = 20. 
Continuous Filter— 
Number of hours filter worked during the month - - - - - 354 
Amount of tank liquor treated per cube yard per 24 hours - - - - 152 gallons, 6 days per weeks 


Average Analysis of Effluent. 














mie Best. 
Ammoniacal nitrogen - - - - - - “09 
Albuminoid nitrogen . - - - - - - 066 
Nitric nitrogen . - - - - . - - “97 
Chlorine - cea tee « 3 2 7 q 7-0 
Oxygen absorbed from KMnO, in 4 hours” - - - “79 


Dissolved oxygen taken up in 24 heurs 


Suspended solids’ - 





£ 


— 





Number of samples analysed for the average = 20. 





Worst. | Average. 
°59 +30 
2146 ‘104 — 

1:29 1:00 
14°4 10°9 
2:07 1°37 


K. F. Campbell, Borough Engineer. 


ROYAL COMMISSION ON SEWAGE DISPOSAL, 


HuDDERSFIELD—continued, 
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Month ending February 24th, 1904. 











SEWAGE— 

Average daily flow - - - - Total rainfall : - 5°29 inches. 

Maximum daily flow - - - - Rainfall = - - 

Minimum daily flow -~ - - Rainfall = - - - - - 

Average Analysis of Sewage. 
—— Best. Worst. fae eee 
(Sunday) 
Ammoniacal Nitrogen - - - - - - - - "29 ‘74 ‘b7 
Albuminoid Nitrogen - - “as (eG - - = = "155 "669 "384 
Nitric Nitrogen - - : 2 = < oo ee = og a0 
Chlorine - - - - - - - - = - 40 13:0 9°9 
Oxygen absorbed from KMnQ, in 4 hours - - : - 1°74 9°64 7°43 
Dissolved Oxygen taken up in 24 hours . ei Ps - — —_ _ 
Suspended Solids - - - - - : . - — — — 
i . Number of samples analysed for the average = 20. 
TaNnks— 
Precipitation Tanks— 
Average flow through Tanks per 24 hours - - - - - - 55 hours. 5,580,000 gallons. 


Amount of Sewage precipitated during the month - - 


- 156,240,000 gallons. 


Lime, 20 tons 15 cwts. 


Amount of Chemicals used during the month - - - - Copperas! 13/tons. 


Amount of Sludge dealt with during the month - - - - - 129,801 cubic feet, equal to 





























3,764 tons. 
Average Analysis of Precimmtation Liquor. 
——— Best. Worst. Average. 
Ammoniacal Nitrogen - - - - - : - "26 59 "52 
Albuminoid Nitrogen - - - - : 2 - - "131 "246 ‘187 
Nitric Nitrogen - - - - - . - - - — -— — 
Chlorine - - - - - - = : - iE. 11°6 93 
Oxygen absorbed from KMnO,in4hours - - -~— - 1°79 401 . 3°37 
Dissolved Oxygen taken up in 24 hours _ - - - : — — - 
Suspended Solids - : - - - - - - - — — oo 
Number of samples analysed for the average = 20. 
Septic Tanks— 


Average flow through the Tanks per 24 hours - - - 


55,000 gallons. 


Amount of Sewage treated in Tanks during month - - - 


Amount of Sludge dealt with from this process during month - ae hee 


Average Analysis of Septic Liquor. 





1,540,000 gallons. 
February 5th, 77 tons. 











siete! Best. Worst. i Average. 
Ammoniacal Nitrogen - - . . - - iene. "40 "95 "56 
Albuminoid Nitrogen - - - - : - - 144 ‘299 "198 
os - we i: 
Chlorine - - - - “ - - - - - Bl 12°4 84 
Oxygen absorbed from KMnO, in 4 hours - - - - 1°49 5°76 3°27 


Dissolved Oxygen taken up in 24 hours - - —_ 
Suspended Solids - - : - : : : 3 : = 


Number of samples analysed for the average = 17. 
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HUDDERSFIELD— continued. 
FILTERS— 


Contact Beds after chemical treatment. 
Number of times Primary Beds were filled during month - - STS: 
Number of times Secondary Beds were filled during month ~ - ; aes: 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours - 76 gallons—6 days per week. 
Average Analysis of Filter Effluent. 
| z 




















a | Best. Worst. Average. 
Ammoniacal Nitrogen - - = = = = = E ‘00 ‘05 ‘Ol 
Albuminoid Nitrogen - 3 2 : - - ra ‘046 ‘066 054 ; 
Nitric Nitrogen - _- - - . - - - - “86 1°44 1°16 
Chlorine - : - - . - - - 6:9 10°9 9:0 
Oxygen absorbed from KMnO, in 4 hours’ - - - a “40 8] 57 





Dissolved Oxygen taken un in 24 hours - - - s =n oF. 2 


Suspended Solids - 2 2 2 g : - : a 24 (<3 





Number of samples analysed for the average = 20, 


Contact Beds after Septic treatment. 


Number of times Primary Beds were filed during month - : oie = fie 
Number of times Secondary Beds were filled during month ~— - - - 66. 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours - 65 gallons—6 days per week 


Average Analysis of Filter Effluent. 























—— | Best. Worst. Average. 
Ammoniacal Nitrogen - - = - = - + = - ‘ul 06 02 
Albuminoid Nifroven (= 2 73. = ees | ‘053 | ‘095 063 
Nitric Nitrogen - - - - - - - - 1°40 | 36 ‘97 
Chlorine . - - = : - : : - = 6°0 | 11°9 84 | 
Oxygen absorbed from KMnO, in 4 hours - - = : ‘47 14] ‘81 
Dissolved Oxygen taken up in 24 hours - : - 2 a | Bi, me) 
muspended Solids <0 cpr 0 ae 3 4 as cee ee = | o- he 











Number of samples analysed for the average = 17. 
Continuous Filter. 
Number of hours Filter worked during the month - - - - ~- 319, 


Amount of Tank Liquor treated per cube yard per 24 hours - -  - 132 gallons—6 days per week 


Average Analysis of Efftuent. 























a Stee Best. Worst. Average. 
Ammoniacal Nitrogen - — - -{ = = ae eee 10 194 13 er 
Albuminoid Nitrogen” - : - - E : . : ‘056 098 _e 
NitriedWNitrogen’ | -) Y= >) ahaa “as “See 1°44 “56 106 
Chlorine + = - - . - : - : : 5'6 12°0 8] 
Oxygen absorbed from KMnQ, in 4 hours” - ST Gee | "54 189 96 
Dissolved Oxygen taken up in 24 hours - é zs aay at ae ae 
Suspended Solids - - - ; - - - - = ae — ir 








A ; 
Number of samples analysed for the average = 18. 


REMARKS.— 


ROYAL COMMISSION ON SEWAGE DISPOSAL, 


HuUDDERS FIELD—continued. 
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SEWAGE— Month ending March 30th, 1904, 
(5 weeks.) 

Average daily flow - Total rainfall —- - - - 2°44inches 

Maximum daily flow - - Rainfall 4 e 3 . a 

Minimum daily flow - - - Rainfall bios : . 

Average Analysis of Sewage 
| : 
——— Best. : Worst. Average for 
| week-days. 

: P (Sunday). 
Ammoniacal Nitrogen - - = - - - . - ‘99 1°14 1°03 
Albuminoid Nitrogen - - - - - - - - "321 664 "i773 
Nitric Nitrogen - - < E s < 3 =. i E 
Chlorine - - \- - - - - - - 61 13°0 12°6 
Oxygen absorbed from KMnO, in 4 hours - : : 3°76 13°4 10°57 
Dissolved Oxygen taken up in 24 hours - - 5 ss = —s = 
Suspended Solids - - - - - - - - - ae | 5s he: 

Number of samples analysed for the average or, é 
TANKS— 
Precipitation Tanks— 
Average flow through Tanks per 24 hours - -  -  - 5°6 hours. 5,481,000 gallons. 


Amount of Sewage precipitated during the month - 153,468,000 gallons. 
Amount of Chemicals used during the CE Le ie ee {ones 19 tons 10 cwts. 
Copperas, 11 tons 18 cwts. 


Amount of Sludge dealt with during the month - ~ - - - - 112,501 cubic feet=to 3,262 









































tons. 
Average Analysis of Precypitation Liquor. 
eae! Best. Worst. Average. 
Ammoniacal Nitrogen - - - - - ‘67 Lee) 1:00 
Albuminoid Nitrogen - - . - - - - . "230 “472 293 
Nitric Nitrogen - - - - - 3 - = aa a 
Chlorine eS a - fee - - - 3'8 61 5:19 
Oxygen absorbed from KMnQ, in 4 hours. - - - - 10:0 14:00 11°00 
Dissolved Oxygen taken up in 2 hours - - = - — is _ 
Suspended Solids - 5 - - . . - - - —- = ae 
Number of samples analysed for the average = 24. 
Sepric TANKS— 
Average flow through the Tanks per 24 hours” - . - - - 55,000 gallons. 
Amount of Sewage treated in Tanks during month - - - - 1,540,000 gallons. 
Amount of Sludge dealt with from this procees during month - - - 
Average Analysis of Septic Liquor. 
ener Best. Worst. _ Average. 
Ammoniacal Nitrogen - A er ne ee "64 1-90 114 
Albuminoid Nitrogen - - - - - - - - ool 1-302 284 
Nitric Nitrogen - - - - : ; : = - = — = 
Chlorine - . - - - - = : : eat 86 12°6 10°7 
; | 
Oxygen absorbed from KMnOQ, in 24 hours - 3°96 6:16 5°07 
Dissolved Oxygen taken upin24hours - - -— - — wal i 
Suspended Solids - - - < ; : : < : =< = — 
Number of samples analysed for the average = 25. ie 
2K 


6225—Ap. I. 
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HuDDERSFIELD—continued. 
FILTERS: -- 


Contact Beds after chemical treatment— 
Number of times Primary Beds were filled during month - - - 88 
Number of times Secondary Beds were filled during month - - - - 88 


Estimate of amount of Tank Liquor treated per cube yard per 24 hours - 76 gallons—6 days per week. 


Average Analysis of Filter Effluent. 

















=S Best. Worst. Average. 

Ammoniacal Nitrogen - - - . - 04 ‘07 | ‘OT 
Albuminoid Nitrogen - - : : 2 - : ON ha 044 091 ‘069 
Nitric Nitrogen (and nitrous) 3 - - : . : — “80 ‘93 
Chlorine - - Sane 2 . - : 80 12°4 10°7 
Oxygen absorbed from KMnO,in4 hours - - -~ - = 47 1°27 94 
Dissolved Oxygen taken up in 24 hours - - - - — _ —# 
Suspended Solids - - - : : : : é 5 = — — 











Number of samples analysed for the average = 24, 


Contact Beds after Septic treatment— 


Number of times Primary Beds were filled during month  - - - - 90 
Number of times Secondary Beds were filled during month - . - - 90 
Estimate amount of Tank Liquor treated per cube yard per 24 hours - - 64 gallons—6 days per week. 


Average Analysis of Filter Effluent. 











—— Best. Worst. Average. 
Ammoniacal Nitrogen - - - = = : : ‘07 A "09 
Albuminoid Nitrogen - - - - - = - : 073 124 087 
Nitrie Nitrogen) <7. Sk" << ~ Ph See oy ee os "BA "70 
Chlorine - - - - - - - - - a 76 12°4 10°6 
Oxygen absorbed from KMnO, in 4 hours - - - - "TE 1°49 1°26 
Dissolved Oxygen taken up in 24 hours - - : : — — — 








Suspended Solids - : 2 : 3 = : z - 








Number of samples analysed for the average = 25. 
Continuous Filter— 
Number of hours Filter worked during the month - - - - .- 429 hours. 


Amount of Tank Liquor treated per cube yard per 24 hours - - - - 132 gallons—6 days per week. 


Average Analysis of Filter Effluent. 











a Best. - | Worst. Average. 
Ammoniacal Nitrogen - P - - - - . : 28 "34 32 
Albuminoid Nitrogen - - : - p ‘ . = O78 “114 090 
Nitric Nitrogen - é - - - 2 : . ar *83 “97 
Chlorine - - - - - - - - : : 76 9°9 10°6 
Oxygen absorbed from KMnO,in 4 hours - - - - "84 1°74 1°29 
Dissolved Oxygen taken up in 24 hours 5 : : e =a = le+s 


Suspended Solids <« = Wicnd= ay = yoeie. wns eee 








Number of samples analysed for the average = 25. 


REeMARKS— * 


- ROYAL COMMISSION ON SEWAGE DISPOSAL. 


HuDDERSFIELD— continued. 
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SEWAGE— Month ending April 27th, 1904. 
Average daily flow - - - . - Total rainfall ee ok 2°46 inches. 
Maximum daily flow - - = = Rainfall - - - - - 

Minimum daily flow - - . - Rainfall- - : : 
Average Analysis of Sewage. 
ee Best Worst Average 
r= : : for Weekdays. 
Monday. 

Ammoniacal Nitrogen - - - - - - - - 118 1°56 1:18 

Albuminoid Nitrogen - -~ - peat: - = 331 "856 ‘587 

Bomemettaene Foo  - = »- .- = = - - LM 2. 

Chlorine - ys - - - - - : = 51 17°9 12°7 

Oxygen absorbed from KMnO, in 4 hours. - - - - 3°29 14°29 10°59 

Dissolved Oxygen taken up in 24 hours - - : = — ith 

Suspended Solids - - 3 ahs 2 : 5 cs LA a 

=: aes 0 = 
Number of samples analysed for the average = 20. 
TANKS— 
Precipitation Tanks— 
Average flow through Tanks per 24 hours - - - - - - 5°7 hours. 5,330,000 gallons. 


Amount of Sewage precipitated for the month - - - - - - 
Amount of Chemicals used during the month - - 


Amount of Sludge dealt with during themonth- - - - - - 


Average Analysis of Precipitation Liquor. 





150,080,000 gallons. — 


Lime, 19 tons 5 cwt. 
Copperas, 11 tons 8 cwt. 


152,010 cubic feet equal to 
4,408 tons. 





| 
Best. 


_— 


Worst. Average. 





Pimammommpem rose = eee = ey 
Albuminoid Nitrogen - - - “ . 3 5 
Nitric Nitrogen” - = : : . . es : “ 
Chlorine- - - - . 5 E : : : 


Oxygen absorbed from KMnO, in4 hours - 2 » : a. 





Dissolved Oxygen taken up in 24 hours : —e Ts , 
Suspended Solids - - : J ¢ é ¥ . 








Number of samples analysed for the average = 
Septic Tanks— 


Average flow through the Tanks per 24 hours - - -~— - : - 
Amount of Sewage treated in Tanks during month - - - - .- 
Amount of Sludge dealt with from this process during month - - - 


Average Analysis of Septic Liquor. 








24 hours. 55,000 gallons 


1,540,000 gallons 

















| 

—— | Best. | Worst. Average. 
Ammoniacal Nitrogen - : 2 - : = "1S | L5t 1°23 
Albuminoid Nitrogen - - - - - - - "204 | "381 240 
Nitric Nitrogen” - - - - - - 2a, — _— me 
Chlorine - - - k : - : 2 - = 84 | 12°6 12°3 
Oxygen absorbed from KMnO,in4hours -  -— - - 3°64 Tet 6°60 
Dissolved Oxygen taken up in 24 hours - - - 25 ra | BES i” 
Suspended Solids - Se, - : - - = — — 

Number of samples analysed for the average = 15. 
6225—Ap. I. 22 
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. 


HUDDERSFIELD—continued. 
FILTERS— 


Contact Beds after chemical treatment— 


Number of times Primary Beds were filled during month - - - - 24 
Number of times Secondary Beds were filled during month - - - 24. 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours - 78 gallons—6 days per week. 





—— Best. | Worst. Average. 








Ammoniacal Nitrogen - — - 3 : i 3 2 ete | = if 
Albuminoid Nitrogen - “= = = “Ss 2 2 3 a4 a he a 
Nitric Nitrogen - - < . : - L as | as a 
Chlorine : _ 2s E 4 s i moa iy | ity “hs 
Oxygen absorbed from KMnQO,in 4 hours -~— - fa = | 

Dissolved Oxygen taken up in 24 hours . - - - ~ | — 

Suspended Solids - : 2 : : : ea =e ioe ov 








Number of samples analysed for the average = 


Contact Beds after Septic treatment— 


Number of times Primary Beds were filled during month - - - ~ 65. 
Number of times Secondary Beds were filled during month - - 65. 


Estimate of amount of Tank Liquor treated per cube yard per 24 hours - 62 gallons—6 days per week. 


Average Analysis of Filter Effiuent. 














———. Best. Worst. Average. 

Ammoniacal Nitrogen - - . - - - - . ‘08 "14 "Ey 
Albaminoid Nitroven “= —~ = 4) 2° Ge =) be ‘057 124 ‘091 
Nitric Nitrogen - - - - - - - - ‘87 — “59 
Chlorine - - - - - - . - - - 9°6 14°1 11°9 
‘Oxygen absorbed from KMnO, in 4 hours. - . : - 1°29 1°97 1°59 
Dissolved Oxygen taken up in 24 hours - - - - — + — 
Suspended Solids - . - - . - . - - — — a 





Nunber of samples analysed for the average = 15. 
Continuous Filter— 
Number of hours Filter worked during the month — - - - - - 306 hours. 
Amount of Tank Liquor treated per cube yard per 24 hours —- rit - 132 gallons—6 days per week, 


Average Analysis of Effluent. 

















Se Best. Worst. Average. 

Ammoniacal Nitrogen - - - - - % -"' = “13 . “42 26 
Albuminoid Nitrogen - - - - = - - - 067 098 077 
Nitric Nitrogen - - - - : - 2 . - 1:10 "76 1°04 
ChB RRB mec d eo age 6h ee ee 79 151 11'4 
Oxygen absorbed from KMnO, ir 4 hours - - - - 1°10 211 1°40 
Dissolved Oxygen taken up in 24 hours - - : - — -- — 
Suspended Solids - - - - — a = 








7 = ee ss ede 


Number of samples analysed for the average = 12. 


REMARKS— 
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. HuDDERSFIELD—continued. 




















Month ending May 25th, 1904. 
SEWAGE— 
Average daily flow - - - - Total rainfall - - + 1°68 inches. 
Maximum daily flow- - - - Rainfall se real +e eoue 
Minimum daily flow - — - - =). Raiwialith e+. Reglee| NM a 
Average Analysis of Sewage. ies 
Average 
—_— Best. Worst. for week-days. 
. : (Tuesday.) 
Ammoniacal Nitrogen - - - - - . . - 1°76 1°67 1°42 
Albuminoid Nitrogen - - - - - - - - ‘413 1°102 ‘717 
Nitric Nitrogen - - - - - - : - — = — 
Chlorine» - - - = Ss -_- eh 70 13°0 14°4 
Oxygen absorbed from KMnO,in 4 hours’ - - : . 2°61 14°00 12°11 
Dissolved Oxygen taken up in 24 kours - = | od 
Suspended Solids - - - - - : - - = = | +5 
; Number of samples analysed for the average = 20. 
TANKS— 
Precipitation Tanks— 
Average flow through Tanks per 24 hours . - : - - - 5'6 hours. 5,410,000 gallons. 


Amount of Sewage precipitated during the month 
Amount of Chemicals used during the month lie ee ad 


Amount of Sludge dealt with during the-month 





- 151,480,000 gallons. - 


_ f Lime, 20 tons 2 ewt. 
Copperas, 15 tons 0 ewt. 


1 
' 
' 
! 


139,801 cubic feet equal to 
4,054 tons. 


Average Analysis of Precipitation Liquor. 












































Se Best. | Worst. | Average. 
Ammoniacal Nitrogen - : = - 2 - : 1°51 1°41 1°41 
Albuminoid Nitrogen - - - “ - é : : "288 ‘368 20 
Nitric Nitrogen - - : - 3 : L = mel =e aes 
Chlorine - - - . . - - = 66 15°00 13°6 
Oxygen absorbed from KMnQ, in 4 hours - - - 3°16 7710 6°20 
Dissolved Oxygen taken up in 24 hours - - — Be = 
Suspended Solids - - - - : F il Z ae #2 aS 
Number of samples analysed for the average = 17. 
Septic Tanks— 

Average flow through the Tanks per 24 hours - - - - - 24 hours. 55,000 gallons 

Amount of Sewage treated in Tanks during month - “ - - 1,540,000 gallons. 

Amount of Sludge dealt with from this process during month - - . 

Average Analysis of Septic Liquor. 
--—— Best. Worst. Average. 
Ammoniacal Nitrogen - - - - - . - 1°41 1-41 1:48 
Albuminoid Nitrogen - - - - 4 : - ps: ‘430 | 319 
Nitric Nitrogen - - * - - - — — — 
Chlorine Se Re - : 10°0 13:1 13°7 
Oxygen absorbed from KMnO, in 4 hours” - : ‘ | 4°44 7°36 6°41 
Dissolved Oxygen taken up in 24 hours ae ae _ = 
Suspended Solids - -~ - ee ee — . -— — 
Wile 


Number of samples analysed for the average = 


S72. APPENDIX: 


HuUDDERSFIELD—continued. 
FittERs— A 


Contact Beds after chemical treatment— 


Number of times Primary Beds were filled during month - =) = 61 
Number of times Secondary Beds were filled during month - - 61 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours - 78 gallons—6 days per week. 


Average Analysis of Filter Efiuent. 














eee Best. Worst. Average. 
Ammoniacal Nitrogen - - - - E - - = "05 
Albuminoid Nitrogen - o> : - - 2 ‘057 
Nitric Nitrogen - : : - - - - - : 1°44 
Chlorine - - - - - - - - - - 11'0 
Oxygen absorbed from KMnOQ, in 4 hours’ - - - - ‘96 





Dissolved Oxygen taken up in 24 hours - - - - -- 


Suspended Solids - - . Rat = z z 4 ae, 








Number of samples analysed for the average = 17. 
Contact Beds after Septic treatment— 
Number of times Primary Beds were filled during month- - - ~- 54 


Number of times Secondary Beds were filled during month —- - - 54 


Estimate of amount of Tank Liquor treated per cube yard per 24 hours - 60 gallons—6 days per week. 


Average Analysis of Filter Effluent. 











aaancese Best. Worst. Average. 
Ammoniacal Nitrogen - - - - = - . sa "27 ‘14 
Albuminoid Nitrogen - 3 - - ~ 2 E ‘089 140 ‘109 
Nitric Nitrogen - - - - - : - : ‘26 14 “Al 
Chlorine - - <<, an - - - - - 14°4 13°9 13°9 
Oxygen absorbed from KMnO, in 4 hours. - - - - 1°39 2°29 1°83 
Dissolved Oxygen taken up in 24 hours - - - - -- — — 
Suspended Solids - - - - - - = : = = _ 








Number of samples analysed for the average = 15 


Continuous Filter— ; 
Number of hours Filter worked during the month - - - -  - 324 hours. 
Amount of Tank Liquor treated per cube yard per 24 hours - ‘ - 132 gallons—6 days per week. 


Average Analysis of Filter Efftuent. 








——- Best. Worst. Average. 

Ammoniacal Nitrogen - a Sessa MS "18 ‘57 "27 
Albuminoid Nitrogen - - - > - = - = 069 ‘103 085 
Nitric Nitrogen ~ - - - - - £ = - 12t 69 103 
Chlorine 2s - . : : 2 aE: = 149 150 13°7 
Oxygen absorbed from KMnQO, in 4 hours - - - - 1°26 2°00 1°40 
Dissolved Oxygen taken up in 24 hours - - - _ — —_ 
Suspended Solids - - -- -/ - = Hh Peis — ne na 








—- — 





Number of samples analysed for the average = 17. 


REMARKS— 


ROYAL COMMISSION ON SEWAGE DISPOSAL 


HvuppDERSFIELD—continued. 
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Month ending June 22nd, 1904. 

















SEWAGE— 
Average daily flow - - - - Total rainfall - 
Maximum daily flow - Sirs - Rainfall -  - - 
Minimum daily flow - -~— - > yt Rainfallial=1oose core 
* Average Analysis of Sewage. 
—-— Best. | Worst. 
: (Sunday.) 
Ammoniacal Nitrogen - - - - - - - "15 1°26 
Albuminoid Nitrogen - - - - - - - 2 828 775 
Nitric Nitrogen - S : : 4 2 : 2 a as 
Chlorine - ae - - - - - - - 66 16°0 
Oxygen absorbed from KMnQ, in 4 hours” - - - - | 2°89 12°51 
Dissolved Oxygen taken up in 24 hours a) ge eae a= — 
Suspended Solids - - - - - - - en | -— — 
Number of samples analysed for the average = 16. 
TANKS— 
Precipitation Tanks— _ 
Average flow through Tanks per 24 hours - - - - - - - 6°'3 hours. 


Amount of Sewage precipitated during the month - ; mF Sa 2 
Amount of Chemicals used during the month © - - - - - - 


Amount of Sludge dealt with during the month - - - - - 








- - 2°53 inches , 





Average for 
week-days. 





1°29 


4,821,000 gallons. 


134,988,000, gallons. 


Lime, 19 tons 14 ewts. 
Copperas, 13 tons 10 cwts. 


143,000 cubic feet, equal to 























i rae 4,147 tons. 
Average Analysis of Precipitation Liquor. 
| 
ae | Best. Worst. | Average. 
: 
Ammoniacal Nitrogen - - - - - - . r=) L'15 1°44 1°30 
Albuminoid Nitrogen - - - - + - = oat ‘233 "310 286 
Miereureten =  -  - f- -a.- tll | — — a 
Chlorine i ee 13°0 171 12°] 
Oxygen absorbed from KMnO, in 4 hours - = - = | 501 5°79 5°09 
Dissolved Oxygen taken up in 24 hours - - - - — — _ 
Suspended Solids - - - - - . - - <3 — — 
Number of samples analysed for the average = 11. i? 
Septic Tanks— 
Average flow through the Tanks per 24 hours - - - - - 24 hours. 55,000 gallons. 


Amount of Sewage treated in Tanks during month - 4" Ange - - 


Amount of Sludge dealt with from this process during month - 


Average Analysis of Septic Liquor 


1,540,000 gallons, 











Secor Best. | Worst. 
Ammoniacal Nitrogen - - - - a - - 1°44 | 1°48 
Albuminoid Nitregen - . - - . - - oie "357 
Nitric Nitrogen - - - - - - - - - — — 
Chlorine - - - - . - ° 2 = - 8°4 16°6 
Oxygen absorbed from KMnQ, in 4 hours - --2 - - 4:99 6°60 


Dissolved Oxygen taken up in 24 hours : - : = ma 
Suspended Solids - = é 2 . 





Number of samples analysed for the average = 8. 


Average. 


1°42 
320 
11°3 
577 





224 APPENDIX : 


HUDDERSFIELD—continued. 


FILTERS— 


Contact Beds atter chemical treatment— 


Number of times Primary Beds were filled during month - - - - 66 
Number of times Secondary Beds were filled during month = - - - 66. 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours - 77 gallons, 6 days per week. 





Average Analysis of Filter Effluent. 











—— Best. Worst. _ Average. 
Ammoniacal Nitrogen - : - - - - - 08 ‘O7 07 
Albuminoid Nitrogen - - - - omen - ‘05 ‘049 052 
Nitric Nitrogen - - : - - - - . - 66 -— 67 
Chlorine - - - - - - - - - : 12° 116 193 
Oxygen absorbed from KMnO, in 4 hours - - - - 81 "94 1°04. 


Dissolved Oxygen taken up in 24 hours - - = a7 Dex 


Suspended Solids - - . . z = - 2 = a= bi 








d Naber er samples sdatreea for the average = 11. 

| Contact Beds after Septic treatment— 
Number of times Primary Beds were filled during month - ot - 46. 
Number of times Secondary Beds Eee filled during month - - - 46. 


Estimate of amount of Tank Liquor treated per cube yard per 24 hours - 60 gallons, 6 days per week. 


Average Analysis of Filter Effluent. 























see Best. Worst. Average. 

Ammoniacal Nitrogen - - . - . - . . "12 12 | “he 
Albuminoid Nitrogen - - - - - - : 091 Al ag bat 
Nitric Nitrogen - - : - - - - - — — — 
Chlorine - - - - - - - - - 12°4 11°4 113 
Oxygen absorbed from KMnQ, in 4 hours - = Tee - 1°50 1°86 1°81 
Dissolved Oxygen taken up in 24 hours - : - - a =e coi 
Suspended Solids - - - - - - — be \ a 














Number of samples analysed for the average = 8. 
Continuous Filter— 
Number of hours Filter worked during the month - - - - - 365. 
Amount of Tank Liquor treated per cube yard per 24 hours” - - - 132 gallons, 6 days per week. 


Average Analysis of Effluent. 














ee Best. Worst. Average. 

Ammoniacal Ninegen - - - - - - - 08 | 28 16 
Albuminoid Nitrogen - - - - - - - - 044 ' +09 064 
Nitric Nitrogen - - - - - . - - - — Ear ‘97 
Chlorine - = - : - - - - - - 10°57 Oy es 11-7 
Oxygen absorbed from KMnO, in 4 hours. - - - ee | 1°48 111 
Dissolved Oxygen taken up in 24 hours - - - — a seeal 
Suspended Solids - - - - - - - - -- a ha 





: Number of samples analysed for the average = 13. 


vA . 
REMARKS-— 
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HUDDERSFIELD—continued. 


Month ending July 20th, 1904. 


SEWAGE— 
Average daily flow- - - - - Total rainfall aha ‘81 inches. 
Maximum daily flow - - ae Rainfall - - . 
Minimum daily flow - - °- ° - Rainfall - st Yrs > 


Average Analysis of Sewage. 





























Average 
Rh on Best. fi iga Mba pack ys AI Worst. for Week-days. 
(Sunday. ) 
Ammoniacal Nitrogen - - - . - . - - 2°58 1°88 1°50 
Pu ipogen CCCUK CCl ‘419 1°128 "824 
Nitric Nitrogen -  - - - - - - - - — — — 
Chlorine . - - - - - - - - 10°7 pal | 16°6 
Oxygen absorbed from KMnOQ, in 4 hours. - - - - 7°39 162i 1” 13°74 
Dissolved Oxygen taken up in 24 hours - - - - — — — 
Suspended Solids - - = - - - - - — — — 
Number of samples analysed for the average = 18. 
TANKS— 
Precipitation Tanks— 
Average flow through Tanks per 24 hours - - - - - - 69 hours. 4,390,000 gallons, 
Amount of Sewage precipitated during month - - : - - - 122,920,000 gallons. 


Pace 21 tons 19 ewt. 


Amount of Chemicals used during the month - - - - - Copperas, 15 tons 0 cwt. 














Amount of Sludge dealt with during the month - : - - = 136,500 cubic feet, equil to 
Average Analysis of Precipitation Liquor. ipa dri 
rapes Best. | | Worst. Average. 
Bo ON OE | = = ee 
PUG ASTOROMRees = lel lle Ne ae = 
oS ee ee = c= ok 
Chlorine - oa) ae Eg = 8) eae = 24 i. 
Oxygen absorbed from KMnO,in4hours - - -— - a a oo 
Dissolved Oxygen taken up in 24 hours - - - - = 2 me 
Siepdeeondeem yy - -- - - - - - = ar ae ai 








Number of samples analysed for the average = 


Septic Tanks— 


Average flow through the Tanks per 24 hours- Lis . - - - 24hours. 55,000 gallons. 
Amount of Sewage treated in Tanks during month - - . - 1,540,000 gallons. ; 
Amount of Sludge dealt with from this process during month sai - 120 tons. 


Average Analysis of Septic Liquor. 








eases Best. Worst. Average. 

Ammoniacal Nitrogen - - SRA - - - 2°13 1°57 1°46 
Albuminoid Nitrogen - - - - - - «- - "341 550 "446 
Meee Ue Eo a — 
Chlorine eS SE 12°0 15°43 14°7 
Oxygen absorbed from KMnO,in4hours - -~ - Si Poenino4 11°76 9°54. 
Dissolved Oxygen taken up in 24 hours - = ee ee — 
Beependedepolids-  *- - - - - - =~ => — _ — 








Number of samples for the average = 14. 


6225—Ap. I. 2 
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FILTERS— 


APPENDIX: ): 5». 


HuUDDERSFIELD—continued. 


Contact Beds after Chemical treatment— 


Number of times Primary Beds were filled during month - . - 


Number of times Secondary Beds were filled during month,;;- _ - 


6. 


Estimate of amount of Tank Liquor treated per cube yard per 24 hours - 177 gallons—6 days per week. 











Ammoniacal Nitrogen 
Albuminoid Nitrogen - 
Nitric Nitrogen - - 


Chlorine - - - 


‘Oxygen absorbed from KMn0Q, in 4 hours 
Dissolved Oxygen taken up in 24 hours _ 


Suspended Solids - 


Average Analysis of Filter Effluent. 





Best. 














Worst. 





Averages. 





Number of samples analysed for the average = 


Contact Beds after Septic treatment— 


Number of times Primary Beds were filled during month - - 


Number of times Secondary Beds were filled during month -~ - 


64, 


64. 


Estimate of amount of Tank Liquor treated per cube yard per 24 hours - 59 gallons—6 days per week. 


Average Analysts of Filter Effluent. 


Best, 





Ro a Worst. Average. 
1 ee dee ee ee 
Ammoniacal Nitrogen - ~— - ag es ig x5 ¢ ee 93 19a oa 
Albuminoid Nitrogen - - -~ - ee ae 095 156 115 
Nitpie: Nitrogen: o> beriee em = gehen be 23 13 is 
Chlorine en ee Oe te ee ee 12°1 it 14°4 
Oxygen absorbed from KMnO,in4 hours - -~— - : 1°59 2°34 1°93 
Dissolved Oxygen taken up in 24 hours - - - = _ — = 
Suspended Solids 299 <5 0 (= ge". ay oes ee = = Cass 
Number of samples analysed for the average, =.14.- 
Continuous Filter— 
Number of hours Filter worked during the month - ~~ - eS 328 hours. 


Amount of Tank Liquor treated per cube yard per 24 hours - - 





Ammoniacal Nitrogen - 
Albuminoid Nitrogen - 
Nitric Nitrogen - - 


Chlorine - - - 


Oxygen absorbed from KMn0Q, in 4 hours 


Dissolved Oxygen taken up in 24 hours 
A 


Suspended Solids 


-_——— 


REMARKS :— 


Average Analysis of Effluent. 


- 132 gallons—6 days per week. 





Best. 


Spr ‘50 
: 082 
Sa a ae 86 
| : 11°6 
: 1'36 








Worst. 


‘18 
‘102 
‘86 
16°4 
2°03 





Number of samples analysed for the average=13. 


Average, 





“35 

091 
64 

14°9 
161 


ee 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 


HUDDERSFIELD—continued. 


SEwAGE— 
Average daily flow - -— = - Total rainfall 
Maximum daily flow - - - - Rainfall 
Minimum daily flow - phe is - Rainfall 


Average Analysis of Sewage. 
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Month ending August 17th, 1904. 


7°90 inches. 





Average for 





coe | Best. Worst. | week-days. 
(Sunday). 
Ammoniacal Nitrogen : - . - - - - 1°31 1°39 ‘97 
Albuminoid Nitrogen) -  - = -  - - - = 315 893 ‘BBT 
Nitric Nitrogen - - : - - - - . - — — — 
Chlorine - . - - - - - - - - 9°9 21°0 14°6 
Oxygen absorbed from KMnO,in4hours - - -— - 2°86 16°49 9°87 


Dissolved Oxygen taken up in 24 hours - - - - 
Suspended Solids 





Number of samples analysed for the average = 19. 


TANKS— 


Precipitation Tanks— 


Average flow through Tanks per 24 hours- - - - - - - 


Amount of Sewage precipitated during the month : : : 


Amount of Chemicals used during the month 


Amount of Sludge dealt with during the month 











80 hours. 3,802,000 gallons. 
106,467,000 gallons. 


l 


Lime, 14 tons 18 cwts. 
Copperas, 8 tons 17 cwts 


- 117,936 cubic feet = to 3,420 














tons. 
Average Analysis of Precipitation Liquor. 
rece Best. Worst. | Average. 
Ammoniacal Nitrogen =~ - - -*» - - =| - 56 1°84 100 
Albuminoid Nitrogen - = - - = - : 2 : +155 518 282 
ES Se ne — a 
Chlorine - - - - - - - =4 - 70 189 13°1 
Oxygen absorbed from KMnQ, in 4 hours” - - - - 2°76 9:00 4°60 
Dissolved Oxygen taken up in 24 hours - . - - _ a cae 
Suspended Solids - - - - - - - - - — — ie 
Number of samples analysed for the average = 16. 
Septic Tanks— 
Average flow through the Tanks per 24 hours - - - - - - 24 hours. 55,000 gallons. 


Amount of Sewage treated in Tanks during month - 


Amount of Sludge dealt with from this process during month - - 


Average Analysis of Septic Liquor. 











— Best. 
Ammoniacal Nitrogen - - - - . - - - *49 
Albuminoid Nitrogen - - - - - - : - "157 
Nitric Nitrogen - =r galt - : . - - : _ 
Chlorine . - - - - - - - : - 81 
Oxygen absorbed from KMnQ, in 4 hours - . : - 2°80 





Dissolved Oxygen taken up in 24 hours 


Suspended Solids 





Number of samples analysed for the average = 18. 


(225—Ap. I. 


- 1,540,000 gallons. 








Worst. Average. 
i? 1.09 
357 *261 
18:9 139 
9°29 4°96 


iw] 
Ww 


228 APPENDIX: 


HUDDERSFIELD—continued. 
FILTERS— 


Contact Beds after Chemical treatment— 
Number of times Primary Beds were filled during month -~— - 


Number of times Secondary Beds were filled during month - 


Estimate of amount of Tank Liquor treated per cube yard per 24 hours 


Average Analysis of Filter Effluent. 








- 76 gallons—-6 days per week. 




















ees Best. Worst. Average. 
Ammoniacal Nitrogen - - - - - : - - ‘00 ae 04 
Albuminoid Nitrogen - - - - - « pels - ‘033 110 064 
Nitric Natrogenbes «=. -0- «1 aye | ee ee 114 1°39 13a! 
Chlorine - . - - - . - - - - | 81 19°0 -) i 
Oxygen absorbed from KMnO,in 4 hours -~— - = 96s "54 1°66 ‘87 
Dissolved Oxygen taken up in 24 hours ee Cs as ia ay 
Suspended Solids - - 2 - - - - - - — —_ oe 
Number of samples analysed for the average=16. 
Contact Beds after Septic treatment— 
Number of times Primary Beds were filled during month - - - 69 
Number of times Secondary Beds were filled during month - - - - 69 


Estimate of amount of Tank Liquor treated per cube yard per 24 hours ; 58 gallons—6 days per week. 


Average Analysis of Filter Hfftuent. 


























a | Best. Worst. Average. 
' 
Ammoniacal Nitrogen - - - - - - - - ‘07 re 0'8 
Albuminoid Nitrogen - - - . - - - abe ‘066 "130 096 
Nitric Nitrogen - - - - - - = oe "89 "24 ‘63 
Chlorine - = - or kar - - ae Dg - 8°9 18°0 13°7 
Oxygen absorbed from KMnO,in4hours - -  -— - ‘96 2:30" 1°53 
Dissolved Oxygen taken in 24 hours” - - ; - - — — — 
Suspended Solids - - = ee - - - — — — 
Number of samples analysed for the average=18. 
Continuous Filter— 
Number of hours Filter worked during the month - - -  - — - 343hours. 


Amount of Tank Liquor treated per cube yard per 24hours - -  -.132 gallons—6 days per week. 


Average Analysis of Effluent. 














Oxygen absorbed from KMnQ, in 4 hours 
Dissolved Oxygen taken up in 24 hours 


Une | Best. Worst. | Average. Average. 
Ammoniacal Nitrogen - - “ - : - - aa b 02 | 
Albumincid Nitrogen. <2 irae see eee ee eee , 033 093 ‘062 
Niiric Netfogen 7° =GYY- o4.” = Gh PoP = 1°04 
Chlorine eee ie - - - - - - - - 8°6 18°0 13°1 
2 es - - 67 153 1°01 


Susnvended Solids - - - - 





Number of samples analysed for the averagisiete ie 27 dace ieee average= 18. 


ReEMARKS— 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 


HUDDERSFIELD—continued. 
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Month ending September 14th, 1904. 


SEWaGE— 
Average daily flow. - - -. ; -  Totalrainfall = - “ 
Rainfall - - - 


Rainfall : , i 


Maximum daily flow- . ; ‘ - 
Minimum daily flow- -~ - : 


Average Analysis of Sewage. 

















- 2°66 inches 











— Best. Worst. poe 
th (Sunday.) 
Ammoniacal Nitrogen - - - - - . . : 111 1°56 1°03 
Albuminoid Nitrogen - - - - - + +: = "262 _ loll "604 
Nitric Nitrogen - | - i “ : - - - — — as 
Chlorine - - - - - - - 6°9 12°6 12°3 
Oxygen absorbed from KMnQ, in 4 hours - - - 3°06 13°56 10°21 
Dissolved Oxygen taken up in 24 hours - - - - — — = 
Suspended Solids - - - - - - - - - — — _ 
Number of samples analysed for the average = 20. 
TANKS— 
Precipitation Tanks— 4 
Average flow through tanks per 24 hours - - : - - - - 69 hours. 4,374,000 gallons. 
Amount of Sewage precipitated during the month - - - : - 122,469, 000 gallons. 


Amount of chemicals used during the month - - - “ 


Lime, 15 tons 11 ewts. 
Copperas, 8 tons 17 ewts. 


Amount of Sludge dealt with during the month - - - 100,512 eubic feet, equal to 2,915 tons. 


Average Analysis of Precipitation Liquor. 


























a Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - ee - : . 78 | 1°69, 116 
Albuminoid Nitrogen - - - - - - - ‘187 | "439 ‘297 
Nitric Nitrogen - - - - - - - — — a 
cos ee Se ee 6-0 150 7 
Oxygen absorbed from KMnO,in 4 hours. - - - . 2°49 | 754 587 
Dissolved Oxygen taken up in 24 hours . - - - — = = 
Signomegee idee = CCC as = 205 
Number of samples analysed for the average = 18. 
Septic Tanks— 
- -  - 24hours. 55,00 gallons, 


Average flow through the Tanks per 24 hours - - - 
Amount of Sewage treated in Tanks during month - - : : 
Amount of Sludge dealt with from this process during month - 


Average Analysis of Septic Liquor. 


- 1,540,000 gallons. 





a 














pak 52S 9 Best. Worst. Average. 
Ammoniacal Nitrogen - . : - - - - 257 : Es 1°25 
Albuminoid Nitrogen - ee: ee ee oe - - ‘167 "381 ‘268 
Nitric Nitrogen - . - . - - : - = = _ fee 
Chlorine Pe ie A 60 12°6 111 
Oxygen absorbed from KMnQ, in 4 hours - ea 2°19 7°60 5°60 
Dissolve 1 Oxygen taken up in 24 hours = waif TAs — whey 2 


Suspended Solids - - = 2 
Number of samples analysed for the average == 19. 
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HuDDERSFIELD—continued. 
FILTERS— 


Contact Beds after Chemical Treatment— 
Number of times Primary Beds were filled during month- - - - 69, 
Number of times Secondary Beds were filled during month - - - 69. 


Estimate of amount of Tank Liquor treated per cube yard per 24 hours - 76 gallons—6 days perweek. 


Average Analysis of Filter Effluent. 














—. Best. ~ “Worst. Average. 

Ammoniacal Nitrogen - - - : - - - - ‘00 5 05 
Albuminoid Nitrogen - - - . - oe - 041 "097 074 
Nitric Nitrogen - - - - - - - - ; — 64 “19 
Chlorine = Bab = : . -& - - - - 60 13°6 111 
Oxygen absorbed from KMnO, in 4 hours - - 2 aS "67 : 1°61 1°43 
Dissolved Oxygen taken up in ¥4 hours - . - - —- _ -- 
Suspended Solids - - - - - . : : - — = — 











Number of samples analysed for the average = 18. 
Contact Beds after Septic Treatment— , 
Number of times Primary Beds were filled during month wine. ee 
Number of times Secondary Beds were filled during month - ne Tae 


Estimate of amount of Tank Liquor treated per cube yard per 24 hours - 57 gallons—6 days per week. 


Average Analysis of Filter Effluent. 














—_—— Best. Worst. Average. 
Ammoniacal Nitrogen - - - - - E e : 05 7 99 + || 12 
Albuminoid Nitrogen - - - - - - 2 - 056 136 091 
Nitric Nitrogen - = = = 4 - a ns * oe. mt 39 
Chlorine - - - - - - - . - - Tl 15°6 11°0 
Oxygen absorbed from KMnOQ, in 4 hours - - - - 66 2°16 1°37 
Dissolved Oxygen taken up in 24 hours - - - - — — | - 
Suspended Solids - - - - - - - - - — 


Number of samples analysed for the average = 19. 
Continuous Filter— 
Number of hours filter worked during the month - - - -  ~- 862 hours. 


Amount of Tank Liquor treated per cube yard per24 hours - -  ~- 182 gallons—6 days per week. 


Average Analysis of Effluent. 





oe Best. Worst. Average. 





Ammoniacal Nitrogen - - - - - - < - ‘Ol "29 12 
Albuminoid Nitrogen - - - - : - < - 041 ‘090 ‘059 
Nitric Nitrogen - - - - - - . “ - — 117 1:07 
Chlorine - - - - - - - - “ - 60 13°0 110 
Oxygen absorbed from KMnQ, in 4 hours. - - - - "49 1°63 "96 
Dissolved Oxygen taken up in 84 hours - - : - — — — 





Suspended Solids - oa LS Ne eas ON PS OS 
i . 


Number of samples analysed for the average = 20. 


REMARKS — 
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HUDDERSFIELD—continued. 
Month ending October 12th, 1904. 
SEWAGE— 
Average daily flow - - - - - Total rainfal.:»-» -  - . = °79 inches. 
Maximum daily flow - es = - “Rainfall siasa yor His 
Minimum daily flow Ae, - Rainfalketicgccec Seok t 
Average Analysis of Sewage. 
— Best Worst Average 
wee ; aka for weekdays. 
; ; (Sunday.) 
Ammoniacal Nitrogen - <a ei - ‘91 1°48 1°51 
Albuminoid Nitrogen - - - - += = = 324 1180 735 
Marie Nitropei> 2 - = - = «~ “2 - , = ned 
Chlorine - : ot Poe et - - - = ~ - 5°0 19:1 13°3 
Oxygen absorbed from KMnQ, in 4 hours ee aes ie 3°19 14°49 11°74 
Dissolved Oxygen taken upin 24 hours - - -— - — = = 
Number of samples analysed for the average = 19. 
TANKS— 
Precipitation Tanks— 
Average flow through Tanks per 24 hours - - - - - 64 hours. 


4,770,900 gallons. 


133,557,000 gallons. 


Lime, 16 tons 11 ewts. 
Copperas, 10 tons 3 ewts. 


Amount of Sewage precipitated during the month : - 


Amount of Chemicals used duringthe month - -_ - 














Amount of Sludge dealt with,during the month -  - -  - 100,368 cubic feet, equal to 2,911 tons. 
P ; Average Analysis of Precipitation Liquor. 
——— Best. Worst. Average. 
Ammoniacal Nitrogen - - - - - : - Vor 1°51 1°57 
Albuminoid Nitrogen - - - - - - - ‘197 "413 ‘338 
Nitric Nitrogen - - - - - - - - - - — = 
Chlorine * - = - Le = = = = - 5°6 170 12°0 
Oxygen absorbed from KMnQ, in 4 hours - aye ee) he 3°10 8°11 6°41 
Dissolved Oxygen taken upin24hours - - - - _ — -- 
Number of samples analysed for the average = 9. 
Septic Tanks— 
Average flow through the Tanks pers24 hours” - - - - - - 24hours. 55,000 gallons. 


1,540,000 gallons, 


Amount of Sewage treated in Tanks during month -. - - = 


Amount of Sludge dealt with from this process during month - - 


Average Analysis of Septic Liquor. 














Aon BD Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - = - - any Vay 1°90 1:76 
Albuminoid Nitrogen - - - - - - "249 521 369 
Nitric Nitrogen - pan a - - : : = ~ a — ioe 
Chicrine- - - - = - : ~ 69 16°0 12°0 
Oxygen absorbed from KMnQ, in 4 hours ie 4 3°91 8°54 60 
Dissolved Oxygen taken up in 24 hours” - - - - -_ | a a 


——— 





Number of samples analysed for the average = 19, 


FILTERS— 


APPENDIX: 


HuDDERSFIELD—continued. 


Contact Beds after Chemical Treatment— 


Number of times Primary Beds were filled during month - - 


Number of times Secondary- Beds were filled during month’ - 


Estimate of amount of Tank liquor treated per cube yard per 24 hours” - 


Average Analysis 


= nee OG 


- - 36. 


of Filter Effluent. 





Ammoniacal Nitrogen - 
Albuminoid Nitrogen - 
Nitric Nitrogen - - 


Chlorine - - - 


Oxygen absorbed from KMnQ, in 4 hours - - - 


Dissolved Oxygen taken up in 24 hours” - - - 





76 gallons—6 days per week. 

















Contact Beds after Septic Treatment— 


Number of times Primary Beds were filled during month - 


| Best. Worst. Average. 
= 08 13 ‘09 
: 066 108 090 
: 10°7 140 120 
- "84 1°56 1°26 
Number of samples analysed for the average = 9. 
- = Oo 
- - 69. 


Number of times Secondary Beds were filled during month - 


Estimate of amount of Tank Liquor treated per cube yard per 24 hours - 56 gallons—6 days per week, 


Average Analysis of Filter Effluent. 














a Best. Worst. 
Ammoniacal Nitrogen - . - . - - - . ‘09 20 
Albuminoid Nitrogen - - - - - - - 091 ga 
Nitric Nitrogen - . - - - - - - - — — 
Chlorine - - > . - - - - . . 9°6 14'9 
Oxygen absorbed from KMnO, in 4 hours - . - - "94 2°13 
Di-solved Oxygen taken up in 24 hours” - - - - — — 


Continuous Filter— 


Number of hours Filter worked during the month 


Number of samples analysed for the average = 19. 


Amount of Tank Liquor treated per cube yard per 24 hours) -_ 


Average Analysis of Effluent. 


350 hours. 





Average. 
16 


‘108 


12°3 
1°69 


132 gallons.—6 days per week. 














—— Best. Worst. 
Ammonnacal Nitrogen - - - - Br - an ‘OF "42 
Albuminoid Nitrogen - - - - - - - ‘073 089 
Nitric Nitrogen - . - - - - - - - — — 
Chlorine - -"the - - - - - - - V1 13°9 
Oxygen absorbed from KMnQ, in 4 hours - - - -. "80 1°89 
Dissolved Oxygen taken up in 24 hours” - - - - - — 





- March 3ist, 1905, 


Number of samples analysed for the average = 20. 





Average. 


12°1 
1°27 


= SS 


K. F. Campbell, M.Inst.C.E., Engineer. 
P. Coward, Chemist. 
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SEWAGE— Month ending November 9th, 1904. 
Average daily flow - - - - Total rainfall hy pare - - 1°91 inches 
Maximum daily flow - - . - Rainfall - - - - - 

Minimum daily flow - - - - Rainfall - - - . 
Average Analysis of Sewage. 
Average 
ae Best. Worst. for weekdays 
ae (Sunday.) 

Ammoniacal Nitrogen - - - - - - - - 1°89 1°89 1°64 

Albuminoid Nitrogen - : - - - - - "492 1°365 ‘778 

mrmeemiiirosenn = = = lll 2 ae = 

Chlorine - - = = - - - - = - 9°0 13°4 14'°6 

Oxygen absorbed from K MnQ, in 4 hours - - - - 6°79 15°11 13°41 

Dissolved Oxygen taken upin 24hours -~ - i e — — _ 

Number of samples analysed for the average = 20. a a 

TANKS— 

Precipitation Tanks— 
Average flow through Tanks per 24 hours - - - - : - 66 hours. 4,575,000 gallons. 


Amount of Sewage precipitated during the month 


Amount of Chemicals used during the month - - - - - - 
Amount of Sludge dealt with during the month ae as 


Average Analysis of Precipitation Liquor. 











- 128,112,000 gallons. — 


Lime, 17 tons 7 cwts. 
Copperas, 10 tons 1 ewt. 


104,832 cubic feet, equal to 3,040 tons. 











cae Best. ° Worst. | Average. 
Ammoniacal Nitrogen - - - - - - - ‘91 F 2°05 1:80 
Albuminoid Nitrogen - - - - - - - "288 "480 "399 
Nitric Nitrogen - - - - - - - - — — — 
Chlorine -— - i i a ee oa 8.6 14'9 139 
Oxygen absorbed from KMnOQ, in 4 hours - - - 5°69 9°56 8°20 
Dissolved Oxygen taken up in 24 hours’ - - 2 - a= — 
Number of samples analysed for the average = 15. 
Septic Tanks— 
Average flow through the Tanks per 24 hours - - - - - - 24 hours. 55,000 gallons. 


Amount of Sewage treated in Tanks during month - a - - 


Amount of Sludge dealt with from this process during month - -~ - 


Average Analysis of Septic Liquor. 











see | Best. | Worst. 
Ammoniacal Nitrogen - = oe Pa - : a ee 2°39 213 
Albuminoid Nitrogen -— - i es eae "397 533 
Nitric Nitrogen - - -~ - Ss oe Be 4 bt, 
: Chlorine - - = - - = : - - - 10°6 14°0 
Oxygen absorbed from KMnO, in 4 hours - - - - 714 10°09 


Dissolved Oxygen taken up in 24hours”~ - - : . — —- 


Number of samples analysed for the average = 20. 
6225—Ap. I. 


1,540,000 gallons. 


| Average. 





2°05 
°430 
13°4 
8°73 
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HUDDERSFIELD—continued. 
FILTERS— 
Contact Beds after Chemical Treatment— 
Number of times Primary Beds were filled during month - . - Pot 
Number of times Secondary Beds were filled during month - | z: - 55. 


Estimate of amount of Tank Liquor treated per cube yard per 24 hours - 177 gallons—6 days per week. 


Average Analysis of Filter Effluent. 


——_ Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - - - ‘00 13 13 
Albuminoid Nitrogen - - - - - - - . ‘057 “1300 ‘108 
Nitric Nitrogen - - - . . - - 1:00 1°21 ‘99 
Chlorine : - - . - : - - : : 10°4 13.0 137 
- Oxygen absorbed from KMnO, in hours . : : 1°06 1:90 - 1°74 
Dissolved Oxygen taken up in 24 hours. - - - - — — 








Number of samples analysed for the average == 15. 


Contact Beds after Septic Treatment— 


Number of times Primary Beds were filled during month - - . - 19, 
Number of times Secondary Beds were filled during month - : ea £9, 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours - 54 gallons—6 days per week. 


Average Analysis of Filter Effluent. 








a | Best. | Worst. | Average. 
Ammoniacal Nitrogen = . - oy - : - | °20 “33 "22 
Albuminoid Nitrogen - - : - . : “ - 089 “122 104 
Nitric Nitrogen -  - - . ath - : - _ — _ 
‘Chlorine - A - : 4 - 5 - - - 12°4 15°0 13°6 
Oxygen absorbed from KMnOy, in 4 hours - : . - 1°46 2°21 1°87 


Dissolved Oxygen taken upin24 hours” - , - = —_ — pod, 


Number of samples analysed for the average = 5. 
Continuous Filter— ; aaniee 
Number of hours Filter worked during the month Pee a es ae eee - 345 hours. 
Amount of Tank Liquor treated per cube yard per 24 hours - - = 182 gallons—6 days per week. 


Average Analysis of Effluent. 








Rect : | Best. | Worst. | Average. 
Ammoniacal Nitrogen - - . - a s - "09 | 49 37 
Albuminoid Nitrogen - - - . - ‘057 ‘111 087 
Nitric Nitrogen ~+— <<< =e ees 113 1:06 141 
Chlorine Me ee ce age = is a 10°4 14°6 13°6 
Oxygen absorbed from KMnQ;j in 4 hours - : : - 1:10 1°93 1°57 


Dissolved Oxygen taken up in 24hours”~ - - - : — ae —_ 





Number of samples analysed for the average = 20. 


ReMARKs— 3 


K. F. Campbell, M.Inst.C.#., Engineer. 


March 31st, 1905. P, Coward, Chemist, 
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SEWAGE— Month ending December 7th, 1994. 
Average daily flow - - - - Total rainfall : . 1°68 inches, 
Maximum daily flow Rainfall : 

Minimum daily flow - . - Rainfall . . 


Average Analysis of Sewage. 




















Re Average 
Best. Worst. for weekdays, 
Ammoniacal Nitrogen - - - - - - - 1°52 1°77 1°41 
Albuminoid N itrogen - - - - - - - - ‘B74 ‘615 ‘671 
Nitric Nitrogen - : - - - - - — — as 
eee |r = 14:4 14-4 
Oxygen absorbed from KMn0O, in 4 hours - - - - 11°49 14°89 12°94 
Dissolved Oxygen taken up in 24 hours” - oho : — _ a 
Number of samples analysed for the average = 11. 

TANKS— 


Precipitation Tanks— 


Average flow through Tanks per 24 hours - - 
Amount of Sewage precipitated during the month 


Amount of Chemicals used during the month 


Amount of Sludge dealt with during the month 


Average Analysis of Precipitation Liquor. 


6°4 hours. 4,764,000 gallons. 


- 133,380,000 gallons. 


Lime, 15 tons 16 cwt. 
Copperas, 9 tons 3 cwts. 


94,320 cubic feet, equal to 2,735 tons 














—— Best. Worst. | Average. 
Ammoniacal Nitrogen - ger - aT eae oe 1°08 1°60 1°62 
Albuminoid Nitrogen - - - - - - - - "354 "451 ‘411 
Nitric Nitrogen - . - . - ap) a's - - — | _ = 
ATI 8 a a ee a 12°4 17°6 Ue 
Oxygen absorbed from KMnO, in 4 hours -~— - eel 6°81 9°14 791 
Dissolved Oxygen taken up in 24 hours” - - - - ~- — —_ 





Number of samples analysed for the average = 10. 


Septic Tanks— 


24 hours. 55,000 gallons. 
1,540,000 gallons. 


Average flow through the Tanks per 24 hours - - 


Amount of Sewage treated in Tanks during month 














- Amount of Sludge dealt with from this ‘process during month - 128 tons. 
Average Analysis of Septic Liquor. 

pers ty Best. Worst. Average. 
Ammoniacal N. itrogen Pema ce ey hs 6S BREA ere 151 "20 1°66 
Albuminoid Nitrogen - pe me 4 ~ OG - - 308 443 399 
Sueeeneitopen ~*~ = - «+ - “= = | - — — ae 
Chlorine - 2 4 3 = - - "oii - 11°4 14:0 13°9 
Oxygen absorbed from KMnQ, in 4 hours - - - - 6°61 9°70 801 
Dissolved Oxygen taken upin 24 hours. -) - = ees — _ ond 

Number of samples analysed for the average=11. 
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FILTERS— 
Contact Beds after Chemical Treatment-— - 
Number of times Primary Beds were filled during month - - - - 63, 
Number of times Secondary Beds were filled during month -. - cat. G02 


Estimate of amount of Tank Liquor treated per cube yard per 24 hours - 76 gallons—6 days per week. 


Average Analysis of Final Effluent. 








—-—— | Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - - - - - 13 13 13 
Albuminoid Nitrogen - : - - - - - - 054 ‘108 088 
Nitric Nitrogen - - - - . - - - - -~ 83 86 
Chlorine : - . - - - - - - 11°9 15'0 12'9 
Oxygen absorbed from KMnO, in 4 hours - - 1°19 191 1°56 


Dissolved Oxygen taken up in 24 hours” - - - - _ ae 
Number of samples analysed for the average = 10. 


Contact Beds after Septic T reatment— 
Number of times Primary Beds were filled during month - - - - 64. 
Number of times Secondary Beds were filled during month - - - 64 
- Estimate of amount of Tank Liquor treated per cube yard per 24 hours - 59 gallons—6 days per week. 


Average Analysis of Filter Effluent. 


——— | Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - - - - rh 21 19 
Albuminoid Nitrogen - - - - - - - - 126 131 “125 
Nitric Nitrogen - . - - - - - - —_ — _ 
Chioriieniy 37 ty WE eb Bi ae fe 119 15°0 140 
Oxygen absorbed from KMnO,in4hours- - -~— - 1°70 2°54 2-04 


Dissolved Oxygen taken up in 24 hours = 


Number of samples analysed for the average = 8. 


Continuous Filter— 
Number of hours Filter worked duringthe month - - - -  - 831 hours. 
Amount of Tank Liquor treated per cube yard per 24 hours - - - 132 gallons—é6 days per week. 


Average Analysis of Effluent. 











——— Best. | Worst. - | Average. 
Ammoniacal Nitrogen - - - - - - 13 “70 "32 
Albuminoid Nitrogen - - - - - ~ - 053 oes ‘078 
Nitric Nitrogen - - - - . - - - - 1:09 1°16 —_— 
Ghlovnine.<.---) \- yee hae oe i - 11°4 in 13°3 
‘Oxygen absorbed from KMnOy, in 4 hours - aes - 1:00 2°01 1°56 


1 
‘ 
ry 
’ 
! 
! 


Dissolved Oxygen taken up in 24 hours 


Number of samples analysed for the average = 11. 


REMABRKS— j 
K. F. Campbell, M.Inst.C.H., Engineer. 


P. Coward, Chemist. 
March 31st, 1905. 
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SEVENTY-FOURTH DAY. 


Thursday, 11th May, 1905. 


PRESENT. 


The Right Honourable the Eart of IppesLEicH (Chair- 
man) presiding. 

Major-General CoNSTANTINE Puipps CarEY, O.B., R.E. 

Colonel T. W. Harprina, J.P. 


Sir WILLIAM Ramsay, K.O.B., F.R.S. 
Mr. W. H. Power, O.B., F.R.S. 
Mr. T. J. Starrorp, F.R.C.S.I. 


Mr. F. J. WixIs (Secretary). 


ALSO PRESENT; 


Dr. A. G. Houston. 
Dr. GrorGE McGowan. 


Mr. G. B. KrersHaw. 
Mr. OC. C. FRYE. 


Mr. W. H. Harrison, M.Sc., called in ; and Examined. 


21946. (Chairman.) You are Mr. W. H. Harrison, 
Chemist to the Leeds Corporation Sewage Works ?—Yes. 


21947. And you have come before us to-day to 
give evidence with regard to your experience of the 
treatment of sewage, with special reference to the Leeds 
Sewage Works ?—Yes. 


21948. What is the general system of sewage treatment 
at Leeds ?—The bulk of the sewage is treated by precipit- 
ation in continuous settlement tanks, and a small pro- 
portion is treated in septic tanks, and by means of various 
comparatively small bacteriological filters. 


21949. What is the population draining to the Leeds 
Works ?—The population of Leeds at the last census 
(1901) was 428,968, and the estimated population in June, 
1904, was 450,142. The Sewage from the whole drains to 
Knostrop Sewage Works, with the exception of a small 
portion which drains to the Rodley Works. 


21950. What is the system of drainage ? That is to 
say, is the storm water either wholly or partially drained 
into a separate system, and if only partially, to what ex- 
tent ?—Storm water and the ordinary sewage both enter 
the same system of sewers. 


21951. Is there any infiltration of subsoil water into 
the sewers ?—There is some infiltration of subsoil water, 
but its presence is only felt after long periods of wet 
weather. At ordinary times the amount entering the 
sewers is very small. 


21952. What is the water supply per head, and from 
what source does it come ?—The present water supply is 
36 gallons per head of population per day, being practically 
16,000,000 gallons per day, #.e., almost equal to the dry 
weather flow of sewage. The collecting ground for the 
Leeds water supply is the area draining into the river 
Washburn, a tributary of the Wharfe. 


21953. Is it hard or soft water—The water is soft. 
The total hardness is equal to 5:0 parts of CaCOs per 
100,000. 

21954. What is the drainage area of the part of the 
town which is sewered ?—The City of Leeds has an area 
of 21,572 acres and most of this is drained. Part of the 
area, comprising 1,500 acres, is tributary to Rodley. 


21955. What proportion of the population use pail 
clusets or middens and what proportion use water-closets ? 
—About three-fourths of the population use water closets 
or trough (water) closets, and the rest privies. The 
latter are being replaced by water closets which are now 
compulsory in new buildings. 

21953. Has the flow of sewage to your works been 
gauged? If so, what is the average number of 
gallons delivered at the works per day of 24 hours in 
dry weather, in winter, and in summer ?—The average 
of gaugings taken 3 years ago in dry weather showed 
the sewage flow to be between 15-16 million gallons 
per 24 hours. There is no great difference between the 
dry weather flow in summer and in winter. 


21957. What is the maximum dry weather rate of flow 
and at what hour does this occur ?—The maximum dry 
weather rate of flow is about 26,000,000 gallons per 24 
hours, and occurs usually about 10 a.m. 


21958. What is the minimum dry weather rate of flow, 
and at what hour does it occur ?—The minimum flow 
occurs about 4a.m. and is at the rate of 10,500,000 gallons 
per 24 hours. The hourly variation in the rate of flow 
during the 24 hours is as follows :— : 


Time Rate of Flow in 
Galls. per 24 hours. 

7 a.m. - - - - 11,300,000 
8 a.m. - - - - 12,000,000 
9 a.m. - - - - 12,000,000 
10 a.m. 2 fiy be - - 26,200,000 
11 a.m. - - - - 22,600,000 
12 (noon) - - - - 22,500,000 
1 p.m. - - - - 22,500,000 
2 p.m. - - - - 19,900,000 
3 p.m. - - - - 19,100,000 
4 p.m. : - . - 19,100,000 
5 p.m. : : - - 19,900,000 
6 p.m. - - - - 23,400,000 
i y.ro. - - - - 20,800,000 
8 p.m. - - - - 20,800,000 
9 p.m. - - - - 19,900,000 
10 p.m. - z - - 19,000,000 
11 p.m. - - - - 19,000,000 
12 (midnight) - - - - 19,000,000 
1 a.m. . - - - 11,300,000 
DY daly: - - - - 11,300,000 
3 a.m. - - - - 11,300,000 
4 a.m. > - - - 10,600,000 
5 a.m. - - - - 12,000,000 
6 a.m. - - - - 12,000,000 

Average - - 17,300,000 


21959. What is the maximum wet weather rate of flow 
which you have observed coming to the works, and during 
how many hours has this continued ?—The main outfall 
sewer has a maximum capacity of 60-million gallons per 
24 hours and a very slight rainfall (about 5/5 in. per hour 
fillsit toitsfullcapacity. Thus the maximum wet weather 
flow is often reached during the course of a year, the 
duration of any such flow being coincident with the con- 
tinuance of the rainfall. 


219C0. Does the infiltration of subsoil water into the 
sewers occur regularly, or does it vary with the seasons or 
with the state of the weather; and can you give an 
approximate idea of the extra amount of liquid at one and 
another time entering the sewers from this source ?—The 
infiltration of subsoil water into the sewers varies with 
the state of the weather, 7.e.,in dry weather practically 
no subsoil water is present, but after a heavy rainfall it is 
present for some time. During these latter periods the 
maximum amount entering the sewers will be about 
three million gallons per day. 


Mr. W. H. 
Harrison, 
M.Sc. 

11 May 1905. 
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21961. How many gallons of trade effluents enter the 
sewers daily, and what is the nature of these effluents ? 
If you have analytical figures, please give them ?—One 
_, third of the water supply is used for trade purposes and 

‘ practically the whole of this enters thesewers. In addition 
L some few works possessing their own wells have access to 
the sewers. The total amount received will be about 6 
million gallons per day. In the City of Leeds will be 
found representatives of most trades and manufacturing 
processes, so that together they produce a very complex 
mixture of trade refuse. The chief effluents however are 
those from Tanneries, Dye-Works, Copper and Galvaniz- 
ing Works, Vitriol Works, Ammonia Works, etc., and 
some Wool-scouring Works. 


One trade effluent from an Ammonia Works gave the 
following analysis :— 


Per cent. 
Loss on ignition - - : - 42 
CaO (free in solution) - - 2 ah 
CaO (in combination) - - - 30 
Claschloride - : - =x 17 


These figures are calculated on the dry solids. This 
liquid exerted a strong precipitating action on sewage and 
contained solids in solution to the extent of 2,220 parts per 
100,000. Another effluent from a Vitriol Works con- 
tained 14,500 parts of Ne SOs per 100,000 as wellas very 
large quantities of Nag SOs and NaCl. Anotherliquid 
which has come under examination contained 12 per cent. 
of free sulphuric acid and Asg S3 in suspension to the 
extent of 1,530 parts per 100,000. 


21962. Have the Corporation framed any rules for the 
reception of trade effluents into the sewers ?—The admis- 
sion of trade refuse to the sewers is conditional upon (a). 
The adoption of efficient means for removing the solids 
from the refuse ; (b.) The discharge to be so regulated as 
as to be spread equally over the 24 hours; (c.) The pro- 
vision of an inspection manhole. 


*21962. Do you find that the trade effluents interfere 
with the process of purification by reason of their quality, 
variations in composition, fluctuations of volume, or 
otherwise ?—The experience at Leeds is that if the trade 
effluents are free from suspended solids, are admitted at 
a uniform rate over the 24 hours, and are not great in 
volume compared to the domestic sewage, no difficulty 
is experienced in treating the mixed sewage. Strong 


MINUTES OF 


EVIDENCE : 


dye-liquors if treated on filters without the previous use of 
a septic tank, discolour the filtrate, and cause inefficient 
oxidation and eration. This is not apparent when they 
are diluted by being discharged evenly over the 24 hours, 
especially when septic tanks are used. The iron liquors 
received into, the Leeds sewers are chiefly in the ferrous 
state, and when discharged in bulk into the sewers at 
irregular intervals, a large proportion of the iron reaches 
the works in the reduced condition. In this state, having 
a great affinity for oxygen, the filtrate is usually deterior- 
ated in quality and the nitrification values are low. The 
filtrates from contact beds are strongly yellow and often 
separate out flocculent basic iron-compounds producing 
a very unsightly condition. A large part of the iron is 
separated out of solution in the filters and cements the bed 
material into large impervious masses. With trickling 
filters there is practically no iron present in solution in the 
filtrates, the iron coming away from the filter with thesus- 
pended matter, and the latter in consequence being 
granular, easily settled, and less liable to putrefaction. 


The septic tank and precipitation processes are useful — 


in these cases due to the removal of a large proportion of 
the iron from solution before filtration. 


21963. In dry weather what is the average amount 
of suspended matter in your sewage, and what are the 
highest and lowest figures, in parts per 100,000 ?—'The 
average amount of suspended matter in our sewage for 
the years 1903-1904 is 60-1 parts per 100,000 ; the highest 
value obtained being 104 parts in September, 1902, 
and the lowest 33-5 parts per 100,000 in August, 1904. 


21964. What is the physical character of these solids ? 
—The suspended solids are more or less dark brown 
in colour and the bulk of them easily coalesce into flocculent 
masses and therefore are fairly easy to settle out. The 
remainder is very finely divided and only pk. out 
very slowly. 


21965. Can you give us average analyses of the sewage 
for the years 1903 and 1904 in summer and in winter 7— 
Yes, the average analysis for the years 1903 and 1904 
was: ‘ 

Parts per 100,000. 
Ammoniacal Nitrogen . - . 


I hand in a table showing the averages in winter and summer for 1903 and 1904. 





Winter—- 

Jan., Feb., 

Nov., Dec. 
Ammoniacal nitrogen - . - ¥ 1-91 
Albuminoid nitrogen : - . - 601 
Oxygen absorbed at 80°F, in 4 hours - 9 44 
Suspended soli ids. - . ; a i 56-3 
Soluble solids - - - . < 5 106°8 





21966. Is it a ‘strong sewage,” and, if so, what char- 
acterises its strength ?—The' sewage of Leeds is not 
strong with regard to organic impurity, but its treatment 
is complicated by the presence of one-third its volume 
of trade refuse. : 


21967. Does its strength vary very much from hour 


to hour or on different days of the week, and, if so, do 
these variations affect the “quality of your final effluent 
to a marked degree ?— The strength of the sewage varies, 
but not to the same extent as when the bulk of the Trade 
refuse entered in flushes. Then, 28 I have before stated, 
the filtrates were affected by the varying amounts of 
the refuse in the sewage. That this refuse does affect, the 





1-84 
Albuminoid Nitrogen siibane Ad BP er BOs 
Oxygen absorbed in four hours at 80° F. 10-8 
Suspended Solids - - - - 60-1 
Soluble Solids = - wn as - 102-2 
1903. 1904. 
Summer— Winter— Guienor a rf 
Juce; July, Jan., Feb., June, July, 
Aug., Sept. Nov., Dec. Aug., Sept. _ 
- 1-99 1:78 > PST is 
584 633 ‘LY 
13:0 8:35 / 1-0 
717°5 63-9 45-8 
106-8 97-7 102-2 





purification is shown in the treatment of Sunday and 
holiday sewage:, which give much better results than 
normal. It is impossible at Leeds to compare different 
sewage strengths without referring to the amount * bays: 
refuse present. 

21968. Are there any chemical poisons in “the sewage ? 
If so, what are they, and to what extent do they occur ?— 
Poisons do not occur to any great extent in the Leeds 
sewage. The chief being Arsenic Sulphide and a com- 
paratively small amount of Thiocyanates. - 

21969. Is the sewage always alkaline 2 Normally 
the sewage is neutral to litmus. The presence of an 
unusual proportion of trade refuse may make it slightly 


acid or alkaline as the case may be, but not to a very 
appreciable extent. 


21970. Do you find that the amounts of suspended 
solids are increased or diminished in times of storm ; 
and can you give the Commission the figures at the end 
of each hour during a storm of some hours duration ?— 
The following analytical data on the composition of 
storm water sewage was collected some time ago. (a) 
Average analysis of storm water sewage made during 
four periods of storm, each storm being over twenty 
hours duration. The average duration was twenty- 
eight and a half hours :— 


Ammoniacal Nitrogen - - - 856 
Albuminoid Nitrogen - - - 259 
Oxygen absorhed in four hours at 80°F. 6°37 
Suspended Solids : - - - 56°8 
Soluble Solids - > : - - 60:4 


(b). Average of five storm water sewages, the average 
duration of each storm being thirteen and a quarter 
hours. 


Ammoniacal Nitrogen - - - 1-04 
Albuminoid Nitrogen, - - - 318 
Oxygen absorbed in four hours at 80°F. 6:85 
Suspended Solids - - - - 58:4 
Soluble Solids - ° : - - 66:0 


(c). Average of eight storm water sewages having an 
average duration for each storm of seven and a half 
hours. 


Ammoniacal Nitrogen - - - 1:26 
Albuminoid Nitrogen +J5i 8.5 Js 435 
Oxygen absorbed in four hours at 80°F. 9°87 
Suspended Solids —- - - - 67:2 
Soluble Solids - - : - - 73:4 


Generally speaking the amount of suspended matter 
in storm sewages varies directly with the hourly rate of 
rainfall. A comparison of the above averages with 
those of the sewage shows that on the average storm waters 
contain practically the same amount of suspended 
matter-as ordinary sewage. The amount of organic 
impurity present is however much smaller. The sus- 
pended solids in storm-waters caused by short heavy 
rain-storms are usually very high. 


21971. What is the character of the liquid part of 
the sewage in storm times? Perhaps you could illus- 
trate this answer by analyses of the liquid portion of 
the sewage in dry weather and in storm times ?—I 
am not able to give analytical data of the liquid part 
of storm-waters produced either by settlement or filtra- 
tion, but I can give an average analysis of a liquid pro- 
duced by the precipitation of storm’ waters with one 
grain of sulphate of alumina and three grains of lime 
per gallon which may be of interest. The sewage remained 
in the tank for a period of four hours:—'The analysis 
was: 


Ammoniacal Nitrogen - - - 1°14 
Albuminoid Nitrogen - - : -160 
Oxygen absorbed in four hours at 80°F. 2:18 
Suspended Solids : eos - 9-0 
Soluble Solids - - - - - 59-4 


Precipitated sewage, during the same months, pre- 
cipitated with two grains sulphate of alumina and 6 grains 
of lime per gallon, and with an eight hours stay in the 
tank, gave an average result of :— 


Ammoniacal Nitrogen - - —LO, 
Albuminoid Nitrogen  - -> - 345 
: - Oxgyen absorbed in four hours at 80°F. 4°38 
Suspended Sc lids - - - cee le it 
Soluble Solids - - - - = 101-0 


21972. In what way or ways do you think the sewage 
which comes to the works should be dealt with in storm 
times? Perhaps I should amplify this question a little. 
The usual requirements of the Local Government Board 
are, I understand, that any increase in flow up to three 
times the normal dry weather rate should be fully dealt 
with by the ordinary complete plant, and that a certain 
number of additional dilutions—up to a total of six— 
should be treated on special storm filters. Do you 
think these are proper requirements, or do you think 
they should be modified in any way? It is, I believe, 
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often found that the storm sewage which first comes 
down to the works contains a largely-increased amount 
of suspended solids, and I should like to know whether 
you consider that your ordinary (dry weather) plant 
is exposed to damage in any way—as, ¢.g., rapid choking, 
by having to deal with this amount of storm sewage, 
and whether you think it would be better to adopt some 
other treatment. Although the storm sewage, including 
the suspended solids, is a very polluting liquid, possibly 
the liquid portion alone is not very polluting, and this 
suggests that settlement of all the sewage arriving at 
the works in time of storms in tanks for a few hours 
after, possibly, the addition of chemicals, might perhaps 
be a better plan of treatment than passing a portion of 
it through the ordinary plant, and the balance through 
storm filters. Would such settlement alone be sufficient 
for the whole of the sewage arriving at the works in times 
of storm ?—I am in general agreement with the pro- 
visions laid down by the Local Government Board for the 
treatment of storm waters especially that the storm 
water should undergo some method of treatment previous 
to entering a water course. As I have a'ready shown 
storm waters, when deprived of most of their suspended 
matters, are not excessively polluted, consequently 
in the case of entry into non-drinking streams having 
a large volume in proportion to the sewage flow I think 
the case would be fully met by treating three volumes 
as in the ordinary way, the remaining three volumes 
being well settled or precipitated. At Leeds it has been 
found possible to treat the whole six volumes of storm 
water when well precipitated, upon .a continuous filter 
having a depth of six feet and at ordinary times treating 
precipitated sewage at the rate of 100 gallons per square 
yard per twenty-four hours; the filtrate at such times 
being excellent in character, and being fairly free from 
suspended matter can be sent direct into a stream. The 
average analysis of this storm filtrate from July to 
December, 1904, was :— 


Ammoniacal nitrogen - - °357 
Albuminoid nitrogen - - °103 
Oxygen absorbed in 4 hours at = 
gO" FF) = - : - + 105 “¥ 
Suspended solids . - aa 
Incubator test - + = before 310 
after +320 
Nitrogen as nitrate - - ~ 1°39 


Norma] rate=100 gallons per square yard. Storm water 
rate=600 gallons per square yard. aa 
Depth of filter 6 ft. 

The occasional treatment of this large volume of liquid 
does not seem to affect the subsequent normal filtrates. 
Recent experiments point to the possibility of successfully 
treating all the six dilutions of storm waters after pre- 
cipitation upon a 6 ft. continuous filter at the rate of 
1,200 gallons per square yard. The average of the March, 
1905, analysis is :— 


Ammoniacal nitrogen ~~ - - : - 314 
} Albuminoid nitrogen “ : : - 108 ~4 
Oxygen absorbed in 4 hours at 80° F. - CSG met: 
- Percentage of dissolved oxygen absorbed : 
7 in 24 hours - Reig. PetiGyngs: Owe ty 07ay” 
“ "Nitric nitrogen oe Bipie sab Tighe pat ONTO TA 
Suspended solids” - - - - - 1 


Normal rate of filter 200 gallons per square yard. Storm 
water rate= 1,200 gallons. . 
Depth of filter=6 ft. 


This filtrate compares very favourably with the filtrate 
produced from a specially constructed storm-water filter 
filtering screened storm water at the rate of 500 gallon. 
per square yard per 24 hours :— 


Ammoniacal nitrogen + - - - +460 
Albuminoid nitrogen - - : - ‘161 : 
Oxygen absorbed in 4 hours at 80°F. - 2:43 © 
‘  §uspended solids’ - - - - - 144 
Incubator test - . - before “495 : 
after -°d581 .7 
Nitric nitrogen 2 - : = a.” he 


In the case of another filter 12 ft. deep and normally 
treating screened sewage at the rate of 200 gallons per 
square yard per day a similar series of experiments were 
instituted, the storm water being merely screened before 
being sent on to the filter. The rates of filtration varied 
from 600 to 1,200 gallons per square yard per 24 hours, 
The results are as follows: (a) The filtrate during storm 
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times contained large quantities of suspended matter and 
was invariably putrescent, but after removing these 
suspended matters by straining through ashes a non- 
putrescent result was obtained. Naturally the higher 
rate of flow gave the worst results. The averages for 24 


of these experiments were :— 
Unfiltered Filtered 


filtrate. filtrate. 

Ammoniacal Nitrogen - - “bbs. *451 
Albuminoid Nitrogen” - - °415 = =-089 
Oxygen absorbed 4 hours at 80° F. 7:08 "921 
Suspended solids - - - 59-2 _ 
Nitric nitrogen - - - 7027 °042 
Absorption of dissolved oxygen 

in 24 hours - - - 100% 45% 


(b) It was evident that these heavy doses of storm water 
have adeleterious effect upon the normal working of the 
filter, especially with the higher rate of flow. The filter, 
however, soon recovers itself, and with the lower rate of 
flow no difficulty should be experienced. 

I have no experience in the treatment of storm water on 
contact beds with the exception of the special storm filters 
referred to. Briefly stated, my views are that storm waters 
up to three dilutions should undergo some efficient process 
before admission toastream. That if nearly all solids are 
removed, then the six volumes of storm water may be 
treated on the ordinary plant, and if some solids are allowed 
to remain in the storm water, three volumes can be treated 
on the ordinary plant and the remainder by special storm 
filters, settlement, or precipitation. These remarks I 
intend to apply only to continuous filters and to compara- 
tively weak sewages. 








MINUTES OF EVIDENCE : 


what length of time does it stay in the tanks or take to 
pass through, as the case may be? Would you kindly 
give an average analysis of the tank liquor, including the 
figures for suspended solids ?—The bulk of the sewage at | 
Leeds is precipitated and settled continuously. Experi- 
mentally a small amount of sewage (about 45,000 gallons 
per day) is treated by continuous settlement without the 
addition of chemicals. The rate of flow through the tank 
was 4 hours from February to May and from August to 
September, 1904. The average analysis for these periods 
was :— 


Ammoniacal nitrogen 1°60 parts per 100,000 
Albuminoid nitrogen +372 
Oxygen absorbed in 4 
hours at 80° F. —- 5:24 
Soluble solids’ - 91:7 
Suspended solids 12°38. 5 a - 


From June to July, 1904, and from October, 1904. to 
February, 1905, the rate of flow was 8 hours. The 
average of all analyses for this period was :— 


ced 3° 2 


” 9 ” 


be oP] ” 


Ammoniacal nitrogen - 1:90 parts per 100,000 
Albuminoid nitrogen - °413 ,, ,, 55 
Oxygen absorbed in 4 


hours at 80° F. ~ 5°84. aie ” 
Soluble solids - 105-4 2. ikake ” 
Suspended solids Liv/:. asses » 


21974. Have you data to show what proportion of 
the suspended matter in the Leeds sewage is settled in $ 
hour, 1, 2, 3, 4, 5, 6, 12, and 24 hours, if the sewage is given 
quiescent settlement ?—Several experiments upon the 
quiescent settlement of sewage have been performed at 








21973. Is your sewage settled, and, if so, how; t.e., Leeds ina tank having a capacity of 250,000 gallons. The 
by quiescent settlement or continuous settlement; and following is a summary of the results obtained. 
Average amount of Suspended Solids (parts rer 100,000). 
Dat No. of 
m Experiments. 
in Sewage ihr. thr 2 hr. Lhr. | 1$h.s. | 2brs. 
SS ee 
Mar. 10th & 11th, 1903 - 4 70:0 -~ 13-4 _ 12-7 9-1 10-7 
Mar. 16th & 17th, 1903 - + 46-4 14-4 11-2 72 67 65 _ 





Experiments upon the quiescent, settlement of limed 
sewage (3 grains per gallon) gave practically the same 
results. 


21975. What time would be necessary for you to gain 
a gocd tank liquor containing, say, no more than six or 
eight parts of suspended solids per 100,000 frem your 
sewage (without the addition of chemicals), by quiescent 
settlement, and by continuous flow settlement ?— 
Generally speaking two hours quiescent settlement will 
reduce the suspended solids to 8—l10 parts per 
100,000, and with continuous settlement about a twelve 
hours rate of flow would be advisable. 


219754. Do you prefer to use settlement tanks in series 
or in parallel ?—When a large volume of sewage is treated 
daily by continuous flow I prefer to use the tanks in 
parallel series of three to four. If all the tanks 
are in one series there is danger of the rate of flow be- 
coming excessive and preventing the finer particles 
from settling out. In the case of quiescent settlement, 
I prefer the tenks in parallel. 


219758. In the case of continuous flow tanks, do you 
think there is any advantage in the employment of 
baffling boards or walls ?—Baffling boards or walls 
should be installed in several of the tanks to prevent 
a surface flow taking place. 


21975c. How-is the sludging done at your works 
and what is the character of the sludge? Does any 
nuisance attend the operation? Have you means of 
storing sludge, or do you have to get rid of it as soon as 
it is removed from your tanks 7—The tank to be cleaned 
out is isolated from the series by means of dam-boards 
and the liquid contents are run off by a special valve 
back to the pump-well. The sludge is then allowed to 





flow into a eulvert—manual labour being required to 
push the sludge towards the valve—which gravitates 
to asump. The sludge is pumped out of the latter into 
a small lagoon and allowed to stand at rest for twenty-four 
hours, during which period as much water is drained 
off as possible. From this lagoon the sludge gravitates 
into another lagoon of larger dimensions where a period 
of rest of two to three days is allowed and all water 
possible removed. The sludge which now contains 
from 80 to 85 per cent. water is run into the large lagoons, 
which when full are allowed to drain until the contents 
are spadeable, when they are removed and stored in 
heaps for the farmers to take. The sludge when freshly 
drawn from the tanks contains 90 to 92 per cent. water 
and runs in channels freely. Apart from the culvert ne 
nuisance arises during these cléansing operations and 
certainly no smell from the culverts is appreciable in 
the open air. The sludge drying in the lagoons does 
give rise to smells, which however are not noticeable at a 
short distance from the iagoons. — No serious compla‘nts 
have been made. 

21976. Should the heavy (road detritus, etc.) portion 
of the suspended matter in sewage be removed as a first 
operation, or do you think it better and more economical 
to let everything settle in the tanks, and subsequently to 
screen the sludge ?—With the foregoing method of dealing 
with sludge, I find it quite practicable to allow the road 
detritus to settle out in the tanks. All the heavy matter 
settles out around the inlet into the first tank, taking 
the form of a cone and thus allowing the ordinary sludging 
operations to be performed. This detritus is wheeled 
out of the tank after the ordinary sludge has been removed. 

21977. You have had experience of the chemical 
p:ecipitation of sewage ?—The method of treating the 
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bulk of the Lecds sewage is by precipitation with lime 
and this process has been in operation for many years. 


Experimentally other precipitants, either alone or in’ 


mixture have been used. 


21978. Have you any reason to think that sewage from 
which the solids have been removed by the aid of chemicals 
i3 less easily purified by subsequent filtration than sewage 
from which the solids have been removed by settlement 








Ammoniacal N. - : é a . . 3 
Albuminoid N. - - . - F alay! oF. ! 
Nitric N. - . . : : 
Oxygen absorbed in four hours at 80° F. - - - 


Percentage of dissolved oxygen absorbed in twenty-four hours- - - 


Suspended Solids” - - - : : 3 - 


Amount treated per cubic yard per twenty-four hcurs 
Depth of filter - - : 2 : 2 J : 





The same filters treating the same liquids, but wit 
the 6ft. bed, treating precipitated sewage at the rate 








Ammoniacal N.- - - “ - e i 4 
Albuminoid N. - - - 5 y : e i 
Nitric N. - - - 5 . Z é b 3 
Oxygen absorbed in four hours at 80° F. - - - 


Percentage of dissolved oxygen absorbed 
Suspended Solids = - - . = 3 5 Z 


Amount treated per cubic yard perday_ - - - 
Depth of filter - - : a ‘ c : 


in twenty-four hours- - - 
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or by passage through septic tanks ? — Recent 
experiments at Leeds have shown that an effluent, pro- 
duced by using eight grains of lime per’ gallon and two 
grains of sulphate of alumina and practically free from 
suspended matter, can be treated more easily than septic 
tank effluent or settled sewage upon trickling filters. 
This is due to the much smaller amount of suspended 
matter sent on to the filter. Thus in March, 1905, the 
results were :— 














Filtrate from filte:. Treat- | Fi'trate from 
ing settled sewage. filter. Treat- 
ing precipi- 
tated 
Unset led. Filtered. sewage. 
3 = - *420 °336 500 
: ' ‘ 1:26 "041 “O70 
: x 4 1°60 9°15 52 
4 " 3 1°39 °A471 581 
-18 “5 °13 
: L 5 : °8 
L . 5 61 galls. 100 
teat me Oft. 6ins. 6ft. 





of 49 gallons per cubic yard per day gave average results 
for 1904 of :— 




















Filtrate from filter. Treat- | Filtrate from 
ing settled sewage. filter, Treat- 
ing precipi- 
, tated 
Unsettled. Filtered. sewage. 
= - - *295 *253 °310 
= - - °137 *070 *069 
. é oi 1°42 1°81 
- : - 1°64 °945 °69 
32°8 15°7 10°3 
‘ . -}| 12°9 6°4 ze 
Re, eee 6lgalls. 49 
‘ 2 a 9ft., 6ins. 6ft. 








21979. Have you tried various chemicals. Can 
you give any comparative data on the practical value 
and cost of different precipitants for the preliminary 
treatment of sewage ?—Several precipitants have been 
tried upon Leeds sewage in order to obtain their relative 
values, but the question of cost has not been considered. 
‘The most effective precipitant was a mixture of ferric salts 
and lime closely followed in merit by aluminium sulphate 
and lime. These two precipitants were almost equally 
effective and were followed in order of merit by alum 
and lime, ferrous sulphate and lime, lime, ferric salts, 
alum and ferrous sulphate. The last was practically 
valuéless. 


21980. What is the most effective way of adding 
chemicals ?—Lime is best added in the form of lime 
water. but,as owing to the large volume of water required 
this is impracticable, recourse should be had to a weak 
milk of lime. The other chemicals where possible 
should be used in soluticn. To obtain the best results 
the amount of precipitant added should vary with the 
strength and volume ofthe sewage. 


21981. What is the average analysis of the liquor 
from your precipitation tanks? What length of time 
does the sewage remain in the tanks ?—The average for 
the years 1903 and 1904 is :— 


Ammoniacal Nitrogen - - - - 1:68 
Albuminoid Nitrogen” - - - - +306 
Oxygen absorbed, 4 hours at 80° F, - - 4°61 
Suspended Solids - - . - - 11.1 
Soluble Solids - - - - - 98°9 


The time the sewage remains in the tanks varies from 
about 3 hours to 64 hours according to the rates at which 
the sewage is flowing through them, the average time 
being rather over four hours, only 3 grains of lime per 
gallon being used. . 


21982. Do you find it necessary to add further chemicals 
to the sludge before it can be dealt with ?—No addition 
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of chemicals to the sludge is necessary when it is dried 
in lagoons. 


21983. What is the character of the suspended matter 
in the precipitation tank liquor ?—The suspended matter 
in the effluent is very finely divided and settles out only 
very slowly. It is putrescent. 


21984. What is the manurial value of the sludge ob- 
tained by the chemical precipitation of sewage at your 
works, and will farmers take it ?—The manurial value 
of the sludge produced at these works is low as shown 
in the following analysis of the dried substance :— 


Per cent. 
Loss onignition  - - - - - 51°90 
Sand and insoluble matter - - - 16°97 
Fe,0O, and Al,;O0, -~ - - - - 14°12 
CaO - - - - : > - 12°11 
S. as sulphate - - . - - =a oth 
S present otherwise than sulphate - - 2°75 
PL Oot sue ents ae ean ed Binary 
The total nitrogen was - - - - 2°64 


A certain proportion, about 1 of the total production, 
is removed by the neighbouring farmers and rhubarb 
growers, who use it more as a rich earth than asa manure. 
There is no difficulty with the disposal of screenings, etc., 
as this is a good material for hot-beds. No doubt if 
greater facilities were offered to the farmers for its easy 
removal, more sludge could be disposed of, No charge 
is made. 


21985. Does it contain any chemical poisons ?—. 
The sludge does not contain an appreciable amount of 
chemical poisons. 


21986. Do you find any nuisance from the treatment 
of sewage in chemical precipitation tanks? Have any 
complaints been made ?—No nuisance arises from the 
treatment of sewage in precipitation tanks; but arises 
from the mud drying in lagoons. No strong complaints 
have been made. 
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21987. As regards septic tanks, how should they be 
shaped, ?—Septic tanks should be rectangular in shape 
and from 6 to 8 ft. deep. It is preferable to have the flow 
across the short width of the tank so as to reduce the 
rate of flow of the liquid as much as possible. The outlet 
should draw off below the water level so as to retain 
floating matter within the tank. 


21988. Should they be used in series or in parallel ?— 
Septic tanks are best used in parallel so as to reduce the 
rate of flow of the liquid to a minimum. _ Tanks in series 
do not appear to possess any decided advantage over 
tanks in parallel, as used at Leeds, with the exception 


that the first tank in a series accumulates the heavier ~ 


solids and may be, therefore, oftener cleaned out, In an 
experiment where four tanks, of 500,000 gallons capacity 
each, formed. a series, it was found that the rate of flow 
through the first tank prevented septic action occurring, 
and as there was consequently no disturbance of the 
sludge, the latter accumulated so rapidly in the first 
tank that in a few months’ time it was full of a very solid 
sludge. 


21989. Should the septic tank be closed in, and, if so 
what advantages does a closed tank possess over an 
open one ?—Closed septic tanks do not possess any 
advantage over open tanks unless from the point ot view 
of nuisance arising in densely populated districts, but 
even then the danger is only minimised. The effluents 
from both tanks are almost identical in composition. 
The averages of all analyses of effluents from Nos. 1, 2, 
and 3 open septic tanks and also effluents from covered 
septic tank from October 1899 to May 1904 were— 











Open Clesed 
Tank. Tank. 
Ammoniacal Nitrogen . - 185° 1°87 
Albuminoid Nitrogen - - 443 418 
Oxygen absorbed in 4 hours at 
80° F- - - - - 6°10 5°48 
Soluble Sclids - : - -| 89-4 88°1 
Suspended S lids - - -j| 19-4 16-0 





It is also found that the value of the roof in conserving 
the heat of the sewage is very small, for during cold 
weather the average loss in temperature in the open 
tanks was 1:6° F. and in the closed tanks -8° F. The 
heating value of the collected gases is not great and their 
accumulation within the tank constitutes a serious source 
of danger. Briefly, I do not find any decided advantage 
arising from the use of covered tanks sufficient to justify 
the expenditure. 


21990. What do you consider the best arrangement 
for the “feed®’ and “ draw-off?’’—I do not attach 
great importance to the question of the best method 
of feeding the tank, for both the methods, feeding below 
and on the surface level, answer equally well. The out- 
flow should, however, take place from below the surface. 


21991. At what rate is sewage, as a matter of custom, 
passed, through your septic tanks ?—At Leeds a 24 hour 
rate of flow has been adopted as the normal flow. 


21992. What is the most advantageous rate of flow 
through septic tanks, and what is the rate of flow at which 
quicker passage through the tanks becomes, in your 
opinion, distinctly disadvantageous? Why do you 
consider one rate more advantageous than another ? 
Do you think that the rate of flow should depend on the 
strength or character of the particular sewage which is 
being dealt with ?—The 24 hour rate of flow has been 
adopted as giving the best results, from the point of 
view of the amount of suspended matter in the effluent, 
with a minimum length of time within the tanks. It was 
found that even a 72 hour flow gave very little: better 
results than a 24 hour flow, but that as the rate of flow 
was increased above the normal a larger proportion of 
suspended matter tended to come away from the tanks.. 


MINUTES OF EVIDENCE : 


I give an average of analyses showing the effect of 
different rates of flow through open septic tanks. 


12 hr. flow. 24 hr. flow. 48 hr. flow. 


Ammoniacal N.- - 1°65 1-76 1°82 
Albuminoid N. - *590 "409 443, 
Oxygen absorbed 4 
hrs, 80° F. - - 8°15 6°24 6:10 
Soluble solids - Tt ssl7ad 95°3 96°7 
Suspended solids - 28° Ove 16°4 15:5 


These observations were made in 1899 and 1900 and 
during 1901 and 1902.they were extended to a compavison: 
of a 24 hour and 72 hour flow, vi z. :— 


24 hr. 72 hr. 
Ammoniacal N. - - - “BT 2°10 
Albuminiod N. - - - - 453 403 
Oxygen absorbed 4 hrs, 80° F. - 6.45 5.12 
Soluble solids - - - - 90-1. 91°4 
Suspended, solids ~ = Saree 14-1 


I believe that the rate of flow should depend upon the 
character of the suspended solids in the sewage dealt with. 


21993. Is it possible to “ over-septicise ’’ a sewage ?—I 
have never found it possible to over-septicise sewage 
even with the 72 hour flow. Jn that case when the 
effluent was applied in a normal manner to filters, normal 
results were obtained. 


21994. What is the amount of digestion in your 
septic tanks and how do you calculate this? How 
far do you find that the digestion is affected by the 
atmospheric temperature ?—The average amount of 
digestion obtained, in the Leeds septic tanks is about 30 
per cent. of the sewage suspended solids, As an example 
I give the method of calculating the digestion from data 
derived from Nos. 1, 2 and 3 open septic tanks from 
1903 to 1904 :—No. 1 tank contained 667 tons of sludge 
containing 14:2 per cent. solids=94-7 tons of dry solids ; 
No. 2 tank contained 818 tons of sludge containing 14-2 
per cent. solids= 116-1 tons of dry solid ; No. 3 tank con-_ 
tained 547 tons of sludge containing 16-2 per cent. solid 
= 88:6 tons dry solid 7.e. from all the tanks combined there 
was obtained a total of 299-4 tons dry solids from which, 
deducting 15-3 tons of sludge use for inoculation pur- 
poses, and adding 1-49 tons for the dried scum removed 
from the tanks, is left 285-59 tons of undigested solids in 
the tank. The tanks were working 627 days exclusive of 
stoppages and in this period treated a total of 470,300,000 
gallons of sewage containing an average of 33-2 grains of 
suspended matter per gallon. This gives a grand total of 
995-9 tons of solids entering the tanks with the sewage. 
470,800,009x8"2) ‘The effluent carried away am average 


7000 x 2240 
of 12.7 grains of suspended matter. Thus 381 tons 
of solids were carried, away in the effluent. The 
undigested solids—solids present in the tank as sludge + 


solids carried away in the effluent =381+ 285°59 = 666-59 


_tons i.e. 329°31 tons of solids have been digested giv- 


ing ‘a digestion of 33-0 per cent. I have no data 
bearing directly upon the effect of the atmospheric tem- 
perature upon the digestion: judging from the evolution 
of gas it must be considerable e.g. in a certain area of a 
small experimental tank, during August 1901, 37 litres of 
gas were daily collected, but in November 1901, only 13 
litres were collected. 


21995. Do you think a certain amount of sludge should 
be removed periodically from septic tanks or do you pre- 
fer to work them for a considerable period. without elean- 
ing and then remove all the sludge ?—A certain amount 
ot sludge ought to be removed at periodic intervals in 
order to facilitate the treatment and disposal of the 
sludge. There is also a tendency for the sludge in the 
tanks to become consolidated, if left too long undisturbed, 
causing difficulty in the withdrawal of the sludge from 
the tank. 


21996. How often would you clean out the tanks ?— 
The tanks at Leeds are generally cleaned out every two 
years but it would be preferable to do this say every 
eighteen months. Ifthe tank is left uncleaned for too long 
a period the suspended solids in the effluent become 
eXcessive. 

21997. Do you find that the suspended solids coming 
away with the tank liquors tend to increase in amount 
towards the end of the period of working, i.e. as the time 
approaches for removing sludge from the tanks ?—The 
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amount’ of suspended solids in the effluent, apart from 
occasional -flushes of solids, does undoubtedly tend to 
increase as the sludge accumulates within the tank. 


“21998. What amounts of suspended solids are contained 

in your septic tank liquor at the commencement of the 
period of working the tank, just after the tank has been 
cleaned out, and at the end of period when the tank is 
thrown out of use for the purpose of cleaning out, and 
what is the average amount ?—From January to June 
1903 with a perfectly clean tank the suspended solids 
averaged12-2 parts per 100,000 and from July to December 
1904 the effluent from this tank averaged 24-1 parts. 


* 21999. With certain automatic gear the level of the 
liquid in a septic tank fluctuates. Have you made any 
observations for the purpose of determining whether 
such fluctuations disturb the proper working of the tank 
in any way, as, e.g., by causing an increased amount of 
suspended solids to issue from the tank ?—The closed 
septic tank.at Leeds-is operated upon the principle of a 
fluctuating water level, and in no way has this affected 
the character of the effluent. Again, at one time in order 
to obtain a large bulk of liquid in a short period of time 
it was the practice to lower the water level of the open 
septic tanks from nine inches to one foot. This procedure 
had no effect the scum and suspended solids remaining 
mormal. 


“99000. Do ‘you find that septic tank liquor is more 
easily treated on filters than settled sewage or than pre- 
cipitated sewage, assuming that in each case you have 
the same amount of suspended solids in your tank liquor ? 
J have not found that septic tank effluent is, more 
easily treated ‘upon filters than settled or precipitated 
sewage. Two single contact beds, one treating septic 
tank effluent and the other precipitated sewage, gave 
the followizg average results :— 


¥ Filtrate from Bed. Filtrate from Bed 


-? -treating |, treating Lime Pre- 

} Septic Effluent. « cipitated Sewage. 
Ammoniacal N. - 1°46 1°47 
Albuminoid N. |= “+193 ' . -193 
Oxygen absorbed | us! 

_4hrs., 80° F. Tht 1°45. 
Nitric nitrogen. - 067 5 OT 
Soluble solids - .. 92+4 92-0 
‘Suspended-solids-.... -9°5 meoenpant fh oid 


These figures are the averages of all analyses 
extending over a period of two years. The septic tank 
effluent and the lime precipitation effluent contained 
approximately the same amount of suspended solids 
Septic tank effluent and settled sewage containing approxi- 
mately the same amount of suspended solids gave the 
following average results when treated upon the same 

O1 The septic tank effluent was used 
in 1903 and the settled sewage in 1904, the bed being 
washed out between the experiments :— 


Filtrate from Bed treat- Filtrate from Bed 
ing Septic Tank treating Settled 


Effluent. Sewage. 
Unfiltered Filtered Unfiltered Filtered 
‘Effluent. Effluent. Effluent. Effluent. 
AmmoniacalN. - °408 “374 +295 *253 
Albuminoid N. - = 77142 “076 “137 -070 
Nitric ritrogen - '9¢3 1-06_ ISR 1-42 
Oxygen absorbed _ 
4 hrs., 80°F. -1:90 “734 16k *945 
Dissolved oxygen taken 
up in 24 hrs. a: hy ee 7 32% 15% 
before: 59 *29 -58 34 
ei i aaa { Btier’ “Gl 32 -Bdiae 0°81 
Suspended solids 11:2 3°0 12°9 6-4 


I am of opinion that septic tank effluent and precipi- 
tated or settled sewage, provided that the amount of 
suspended solids is approximately equal, give practically 
identical results when subjected to similar methods of 
treatment. 


22001. Do you find any nuisance from the treatment 
. of sewage in septic tanks? Have any complaints been 
made ?—Very little, if any, nuisance arises from the 
open septic tanks at Leeds. This is probably due to 
the presence of iron in the sewage, which, under septic 
action, forms sulphides of iron in the tank and conse- 
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quently the production of evil smelling organo-sulphur 
compounds is prevented to the extent of the production 
of iron sulphides. 


_ 22002. Is a scum necessary or desirable in septic 
tanks ?—One of the difficulties experienced at Leeds has 
been caused by heavy flushes of suspended matter from 
the tanks, whether open or closed. This has been traced 
to the breaking up of the scum and ozcurs chiefly during 
wet weather, and for the past two years it has been 
the custom at Leeds to keep the surface of the tanks 
free from scum. This has prevented, to a great extent 
the flushes of suspended matter from the tanks, and the 
absence of scum has not interfered in any way with 
the action of the septic tanks. 


22003.. Do you think it desirable that the suspended 
solids in sewage should be removed as far as practicable 
before sewage is filtered ? If so, what do you consider 
a practicable limit to get down to ?—It is comparatively 
easy to purify the liquid part of sewage, but the solids 
are much more difficult to oxidize to a stable form. The 
difficulty of treating any liquid effectively is propor- 
tionate to the amount of suspended matter present, 
hence the latter should be removed as far as practicable 
before filtration. With septic tanks, even with a seventy- 
two hours’ flow, it is impossible at Leeds to reduce the 
suspended solids below an average of fourteen parts 
per 100,000. Precipitated sewage containing about 4°5-6 0 
parts of suspended matter I find is very easily treated 
on filters, especially those cf the continuous type. 


22004. How do you consider that the removal of 
suspended solids can best be effected ?—In order to 
reduce the suspended solids as far as possible, precipita- 
tion with an efficient settlement area should be adopted. 


In some cases sedimentation without chemicals would 


answer. ‘ 


22005. As regards contact beds, do you find that within 
certain limits the depth may vary without affecting the 
efficiency of the be¢s ? If so, what limi‘s do you think 
are permissible ?—At Leeds, contact beds, varying in 
depth from three to six feet have at one time or another 
been used, and within these limits the primary and seconc- 
ary beds having a depth of six feet gave somewhat better 
results than those of less depth. This difference I do 
not attach importance to, as differences in material, and 
the grading thereof, and the methods of working the beds 
might account for it. ; ' 


22003. What do you consider the most convenient size 
for a contact bed ?—For large volumes of sewage I con- 
sider the most convenient size for a contact bed to be 
half-acre area. 

22007. What do you find to be the best filtering 
materials ? What is the material (which can be had 
in practicable quantity) that, while efficient, is in your 
experience the least disintegrable in a contact bed ?—I 
have only had experience of destructor clinker and 
coke of various qualities, and of these I prefer hard 
furnace coke. 

22008. Whatsize should the filtering material be, and 
should it be graded in the beds ?—The size of the material 
used in contact beds should be as small as is conformable 
with other conditions, e.g., if the liquid to be treated con- 
tains little or no suspended matter the material may be 
clinkers or coke-breeze with only the dust taken out, but 
otherwise the material for the primary bed should have 
a diameter of one inch or over, the secondary bed being 
made of muchsmaller material. Apart from covering the 
drainage with coarse material, and in certain cases the 
use of a very fine surface layer, I see no advantage in 
grading the bed material. 


22009. Do you think it generally desirable that sewage 
should be subjected to some form of tank treatment before 
it is put on contact beds ?—Sewage, screened or grit 
settled, I consider, should not. be applied to contact beds, 
owing to the very rapid loss of capacity which occurs. 
To minimise this loss of capacity it should be 
subjected to treatment having the primary object of 
reducing the amount of solids sent on to the bed ; inci- 
dentally better nitrated filtrates are produced. 


22030. What periods of filling, standing full, emptying 
and standing empty do you consider best in practical 
working for primary beds and for secondary beds ?—The 
method of working the beds at Leeds is:—one hour to 
fill, two hours standing full, one hour to empty, and 
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four hours standing emp!y. This cycle is repeated 
every eight hours, both for primary and secondary 
bed. In order not to overwork certain filters it 
has been the practice to follow the above procedure 
for two eight-hour shifts and to rest the beds com- 
pletely for the third shift. Longer periods of rest have 
been tried at Leeds. Thus No. 1 and 2 beds, from 
February 20th to March 18th. 1899, received two fillings 
per day with two hours contact and rested altogether on 
Sundays. Under these conditions a purification of 87 
per cent. on the Alb. N. test was obtained. From March 
21-4 to May 7th, 1899 they were worked in the same way, 
but were allowed to rest on Wednesdays and Sundays 
and gave a purification of 89 per cent. From May 7th 
to July 5th, 1899, they were allowed to rest alternate 
days, and gave a purification of 92 per cent. From 
July 5th to October 4 h, 1899, with one filling per day 
and two hours contact they gave a purification of 90 
per cent. These facts point to an increased purification 
being obtained with increased periods of rest. Very 
little advantage, if any, is gained by increasing the 
hours of contact from two to four hours. 

22011. How should contact beds be filled and emptied ? 
—Contact beds should be filled as quickly as possible, with- 
out disturbing the surface material and it is essential that 
the liquid should be distributed over the whole surface 
as evenly as possible. This has been attained after 
numerous experiments with movable troughs in various 
forms, by cutting grips in the surface material about 
three feet apart and connected together at intervals by 
cross channels. These grips are far more effective than 
troughs, etc., and any sludge which accumulates within 
them is easily removed. Jn emptying, the best method 
is to allow the liquid to flow away from the bed at an 
eyen rate, controliing the flow by means of valves. 

22012. What are your views as regards automatic 
gear for filling and emptying contact beds ?—The only 
gear used at Leeds fcr automatically filling and discharging 
contact beds is the one supplied by the Exeter Septic 
Tank Syndicate. This is very complicated, but on the 
whole works very well. Owing, however, to the danger 
of the smaller tubular parts clogging it is necessary to give 
constant supervision. This apparatus regulates very 
well the time the liquid is in contact with the bed material, 
but it would not be an easy matter to readily alter this 
length of period if necessary. The chief objection to this 
apparatus lies in its inelasticity, fcr the daily routine 
having been fixed it would take some considerable 
time to alter the relationship of the various parts to suit 
another system of working, This gear does not take 
into account the fluctuations in the flow due to increases 
in volume, chiefly because of the fact that a bed is not 
filled until the one before it in the cycle has had its full 
period of rest and is emptying. 


22013. What amount of tank liquor pez cubic yard 
of filtering material can, in practice, be properly treated 
in a primary contact bed in twe.iy-four hours ?—The 
amount cf tank liquor which a primary bed can treat per 
cubic yard of filtering material depends upon loss of 
capacity which has taken place since its construction. A 
primary contact bed when new and receiving three fill- 
ings per day of crude sewage, at Leeds, treated about 200 
galons per cubic yard per day, but at the end of two 
years would, at this rate of working, only treat about 
sixty-six gallons per cubic yard per day. Analytically 
the results were satisfactory throughout the whole 
period. Again, another bed. receiving two fillings per 
day of septic tank effluent and resting cne week in 
every four, when new, treated an average of about 
120 gallons per cubic yard per day ; but in March 1905, 
four years later, could only treat an average of about 
fif-y-four gallons per cubic yerd for tweaty-four hours. 
This led has treated on the average duriag the past two 
years abont sixty-five gallons per cubi: yard per day 
with really excellent results. 


22014. What amount of liquid from a primary bed can 
in practice be properly treated on each cubic yard of 
filtering material of a secondary bed ?—It has been the 
practice at Leeds to treat liquid on secondary beds at the 
same rate per cubic yard as on the corresponding primary 
beds. 


22015. Is one contact sufficiént for the conversion of 
certain tank liquors into a satisfattory effluent ?—I 
Lave never been able to produce a satisfactory filtrate 
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with a single contact bed. In the great majority of cases 
the filtrate has been putrescent and unsightly. 


22016. At what rate or rates do primary and secondary 
contact beds lose their water-holding capacity, and to 
what causes is the loss of capacity due ?—The rate at 
which primary contact beds lose their capacity varies 
directly with the amount of suspended solids in the liquid 
treated, lessens with increased periods of rest and is 
greater in winter than in summer. Secondary beds as a 
rule retain a large percentage of their initial capacity. 

The rate is in direct proportion to the suspended solids 
in the liquid treated.—A primary contact bed from Oc- 
tober, 1897, to October, 1899, treated about 56,000,000 
gallons of more or less crude sewage and in this period 
lost 56,500 gallors of the initial water capacity, 7.e., every 
1,000,000 gallons of the sewage caused an average loss 
in capacity of about 1,000 gailons. 

Another primary bed from July, 1901, to January, 1904, 
treated 106,000,000 gallons of septic tank effluent and 
lost 46,400 gallons of its original water capacity, i.e., 
every 1,000,000 gallons of septic tank effluent treated 
produced an average loss in capacity of 437 gallons. 

Again on the same primary bed with sewage which 
had been settled for one hour the rate of loss of capacity 
was 690 gallons per 1,000,000 treated ; with sewage which 
had been settled half an hour the rate was 820 gallons, 
and with sewage which had been settled a quarter of an 
hour the rate was 1,580 gallons. Screened sewage under 
the same working conditions reduced the capacity at 
the rate of 2,060 gallons. : 

The rate 1s in the inverse ratio to the amount of rest given 
to the beds.—A primary bed treating screened sewage at 
three fillings per day reduced the capacity at the rate 
of 1,750 gallons per 1,000,000 treated, and at two fillings 
per day at the rate of 680 gallons. This experiment was. 
carried out in the spring of 1898. 

In the early part of 1899 partially settled sewage 
at three fillings per day reduced the capacity at the rate 
of 2,000 gallons per 1,000,000 gallons treated. The 
same liquid at three fillings per day, but with the bed 
resting on Wednesdays and Sundays reduced the capacity 
at the rate of 1,300 gallons, and with three fillings per 
day but the beds resting on alternate days there was 
an increase in capacity at the rate of 1,500 gallons. 

The rate is greater in winter than in summer.—lI have 
taken as an example a bed treating septic tank effluent 
since 1901 under uniform conditions. 








Rate of loss of capacity per million 
gallons, treated in 
4 
i. Dec. June 
Winter } Jan. Summer j July 
Feb. August 
1901 680 — 
1902 280 160 
103 450 Nil 
1904 | 750 440 
Average 540 200 





In order to show the way in which loss of capacity takes 
place I give the following capacity tests of a primary bed 
working under uniform conditions, the capacity of the 
empty bed being taken as 100, the actual figure being 
178,000 gallons :— 


aoe 


Date. Capacity with 
the 100 unit. Actual galls. 

1901 July16 - : 48°8 86,900 
September 27 - 44°4 79,100 
November 22 - 42°8 76,200 
December 20 - 44°4 79,100 

1902 February14_ - 41°2 73,300 
Aprilll - - 39°5 70,300 
June6 - - 38°7 68,900 
August 29 - - Bye!) 67,400 
October 24 - - swell 65,900 
December 19 - 37:0 65,9U0 
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Date. Capacity with 
the 100 unit. Actual galls. 
1903 February 13 . 35°9 64,0L0 
April9 - - 34°8 62,000 
June5-~ - : 33°7 60,000 
August l - - 33°7 60,000 
October 23 - - 33:3 59,400 
December 18 - 31°6 56,200 
1904 February 1 : 29°9 53,200 
April8_ - - 29°1 51,800 
June 3 - . 28°6 50,900 
August 26 - - 27°1 48,160 
October 21 - : 25°77 45,700 
December 16 - PAM 45,500 
1905 February 10 : 20°5 36,600 


This bed was receiving twu tillings per day ot septic 
tank effluent and was allowed to rest one week in every 
four, so that in no sense was it overworked. The analyti- 
cal figures for septic tank effluent have already been given 
in answer to a previous question (21989). The bed received 
about forty-one fillings per month on the average. 


Loss of capacity is due to the following causes :— 

(1.) The passage of undigestible matters into the 
body of the filter. 

(2.) The breaking down of the bed material. 

(3.) The consolidation or packing together of the 
bed material. 

(4.) The formation of a form of organic earthy 
matter akin to humus within the body of the filter. 

(5.) The large amount of water retained in 
spongy deposit around the bed material. 


22017. Can the material of a clogged bed be washed, 
and, if so, how can this best be done, and at what cost 
per cubic yard ?—The bed material may be readily washed 
and this I have done to the extent of 1,020 cubic yards 
by hand labour using screens and a heavy flow of water 
at a cost of 2s. 5d. per cubic yard. With the use of 
mechanical apparatus, the cost should be very consider- 
ably reduced. Washing is much more effective than 
turning over the bed material in regaining capacity. 
The latter method answers for the first time, but 
afterwards makes very little difference in the capacity. 


22018. What is the average analysis of your single 
contact effluent ?—An average analysis of the filtrate 
from a single contact bed treating precipitated sewage 
gives : — 


Ammoniacal NN. - - - - - 1:47 
Albuminoid N.-— - - - - Sa bP 
Nitric nitrogen - - - - - *O77 
Oxygen absorbed four hours at 80°F. - 1°45 
Suspended Solids - - - - - 64 


An average of analyses of filtrate from a single contact 
bed treating open septic tank effluent gives :— 


AmmoniacalN.  - - 3 LEW 1 <46 
Albuminoid N. - - - : = 193 
NitricN.- |- - alent 2 F - +067 
Oxygen absorbed four hours 80 °F. - - 1°51 
Suspended Solids - - : -4 - 9°5 


An average analysis of filtrate from single contact beds 
constructed, by the Septic Tank Syndicate and treating 
effluents from closed septic tank (October, 1899, to May, 
1904) gives: 


Ammoniacal N. - - - - - 849 
Albuminoid N. eee = - - 1 GL 
Nitric N. - : - - : - 695 
Oxygen absorbed 4 hours 80°F. - - 1:09 
Percentage of dissolved oxygen absorbed 

(1903 to 1904) - - - - - 44 
Suspended Solids + . - - - 485 


An average analysis of filtrate from double contact beds 
treating more or Jess screened sewage (November, 1898 to 
October, 1899) gave: 


Ammoniacal N. - . 6 4 Ss 42374 
Albuminoid N. - - - - - 095 
Nitric N. - - - * = a 560 
Oxygen absorbed - a . 2 - 714 
Suspended solids’ - - Sage. WE ZIT 
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An average analysis of filtrate from double contact beds 


treating septic tank efili ent (1903 and 1904) gave : 
Ammoniacal N. - - - - - ‘186 
Albuminoid N. : - - - = 035 
Nitric N. - ie - . - 2°07 
Percentage of dissolved oxygen absorbed 16 
Oxygen absorbed 4 hours 80°F. - - 520 


Suspended solids - - - — -heavy trace 


22019. Do you find any chemical poisons in you 
final effluent ?—No chemical poisons are present in the 
effluents. 


22020. What is the average amount of suspended 
matter in the primary bed effluent and in the secondary 
bed effluent ? Does most of this suspended matter come 
out with the first flush or not ?—The amount of suspended 
matter in the primary and secondary bed effluents varies 
with the amount of solids in the liquid treated. With 


-more or less crude sewage, the primary bed gives an 


average of 16:3 and the secondary bed 2°71 parts of sus- 
pended matter per 100,000. With septic tank effluent 
the primary bed filtrates give an average of 10-4 parts per 
100,000 and the secondary bed filtrates only a heavy trace, 
The greater portion of these suspended solids are found 
in the first flushes, 


22021. Have you made any experiments which throw 
light upon the action of contact beds when full and when 
resting, or upon the conditions of aeration of contact beds ? 
—From a comparison of the results obtained from contact 
beds working under various conditions and treating liquids 
of various compositions, I hold the opinion that the action 
of these beds may be divided into two distinct headings, 
viz., (1) the oxidation of the solids and (2) the oxidation 
of the liquid impurity. When a bed is filled the solids 
during the period of resting full, settle out on the bed 
material, and the greater proportion of them are retained 
so as to gradually pass through the body of the filter during 
subsequent operations. These solids, and also any solids 
removed from solution, when the bed is resting empty are 
oxidised with the production of nitrates, etc., which in the. 
following filling are dissipated throughout the body of 
the liquid. The liquid impurities are then oxidised, 
when the bed is full: (1) at the expense of any dissolved 
oxygen and (2) at the expense of the dissolved nitrates, etc., 
formedby the oxidation of the solids when the bed is resting 
empty. These liquid impurities are very easily oxidized 
and in many cases if it were practicable to remove the 
suspended. solids from the primary bed filtrate the clear 
liquid would fall below the provisional standards. This. 
heory acc ounts for the following facts :—(1) the effluent 
from a primary contact bed is devoid of dissolved oxygen, 
but contains more or less nitrates according to the length 
of time the bed rests empty. The soluble solids in the 
liquid in the first bed are very unstable and readily oxidised, 
hence the dissolved oxygen is soon used up, while the 
nitrates which then become available are destroyed in 
proportion to the length of time thebed stands full. Thus 
a single contact bed at Leeds receiving two hours contact 
and four hours rest gives a filtrate with no dissolved oxygen 
and only -067 parts of nitric nitrogen, whilst a single 
contact bed receiving the same type of liquid, but only 
having one and a quarter hours contact and about twelve: 
hours rest gives a filtrate containing no dissolved oxygen 
and °695 parts of nitric nitrogen. This latter filtrate 
when saturated with air absorbed practically all the dis- 
solved oxygen, while the former, containing less unoxidized 
dissolved impurity, absorbed less of this dissolved oxygen. 
(2) As the liquid impurities are oxidized when the bed is 


full at the expense of the dissolved oxygen and the nitrates. 


present in the liquid it follows that a period of contact 
longer than is necessary to utilize this supply of oxygen 
is useless. This is borne out by experiment at Leeds; for 
a four hours contact is no better than a two hours contact. 
(3): The filtrate from a secondary bed, contains dissolved 
oxygen showing that the oxidation taking place in the 
first bed has been effective, and all the dissolved oxygen 
introduced into the liquid during its passage from the 
primary into the secondary bed has not been needed for 
further oxidation in the latter bed, the over-plus appearing 
in the final filtrate as “‘ dissolved oxygen.’: It also follows 
that most of the nitrate formed in the secondary bed during 
its period of rest appear in the final filtrate. Henve the 
better oxidized a first bed effluent is the greater amount 
of dissolved oxygen and nitrate is foun’ in the filtrate 
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from the second bed. This is borne out by experiment. 
The actual coursé of the oxidation of the two kinds of 
organic impurity is not so definitely divided as is given in 
the foregoing brief account, for part of the solids are 
oxidised when the bed is full and part of the retained 
liquid when the bed is empty. This is shown by the fact 
that the more solids a liquid contains the worse the quality 
of the filtrate. In this connection it must be remembered 
that even when the bed is resting empty the amount of air 
available is limited. to about the capacity of. the bed ; 
hence with liquids containing large amounts of suspended 
matter there is always an over-plus left unoxidized during 
these periods of rest which use up the available oxygen 
and nitrate of the next filling, causing a surplus of unoxi- 
dized soluble solids in the filtrate, and necessarily deterior- 
ting the quality of thesecondary filtrate. Summarizing 
these conclusions the period of aeration should be“as long 
as is practicable, the time of contact in~primary beds 
should only be long enough to use up the available oxygen 
aod nitrates, and the liquid to be treated should contain 
as few solids as possible. 


22022. How can the capacity of contact beds be best 
‘maintained ?—In order to maintain the capacity of con- 
tact beds at as high a figure as possible no solids should 
be sent on to the filter. Where this is impracticable good 
results have been obtained at Leeds by the use of septic 
tank effluent upon a primary bed constructed of fine 
material (clinker) of three-eighths to five-eighths inches 
diameter and covered with a surface layer of very fine 
coke breeze to a depth of six inches. By this means a 
larger proportion of the solids in the septic tank effluent are 
“retained in the feeding grips and when dry are easily 
removed. Such a primary bed has been in use at Leeds 
for nearly four years, but notwithstanding these  pre- 
cautions the water capacity has been reduced 
during that period from 86,000 gallons to 36,000 gallons. 
The experience at Leeds has been that the material of 
contact beds will sooner or later have to be washed or 
»renewed. 


22023. As regards continuous or percolating filters, 
-what do you find are the best filtering materials, and 
what size should the material be ?—I find coke to be 
the best material as clinker breaks down very readily. 
Broken bricks or any material which is not liable to 
disintegration answers better than coke. The material 
should be of such a size that the solids can gradually 
pass through the filter and appear in the filtrate. Material 
~of not less than threc inches diameter is a useful size. 


22024. What depth should a yercolating bed be to 
obtain a good effluent ?—The depth of the filter should 
vary according to the amount of solid in the liquid treated. 
Thus with screened sewage containing an average of 
about fifty seven parts of suspended matter, a bed from 
ten to twelve feet deep is needed. With septic tank 
effluent or settled sewage containing about fifteen ‘o 
seventeen parts of suspended matter a bed from eight 
to ten feet is needed, and with a liquid containing only 
a small proportion of suspended matter, such as well 
precipitated sewage, a bed from five to six feet deep 
will answer. 


22025. Do you think it generally desirable that sewage 
should be subjected to some form of tank treatment 
before it is put on percolating filters ?—It is desirable 
to remove as much suspended matter as possible from 
the sewage (1) owing to the ease and rapidity with which 
a clarified liquid can be treated, and (2) the absence 
of a large amount of suspended matter in the filtrate, 
thus obviating the necessity for any after treatment 
of the filtrate to remove these solids. 


22026. How should percolating filters be fed ?— 
Liquids should be distributed over percolating filters 
in such a way that each unit of surface receives the same 
volume of liquid in a given time. 


22027. Should the feed be intermittent or continuous ? 
—The feed should, if possible, be continuous as any 
intermittency tends to produce a filtrate fluctuating 
in quality. This applies more especially to filters 
constructed of coarse material. 

22028. What is the best form of distribution ? What, 
in your opinion, are the conditions which have to be 
fulfilled by a perfect distributor, having regard not 
merely to the distribution of the liquid itself, but also 
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to the purification of the liquid and the life of the bed ?— 
The best form of distribution is by means of sprinklers. 
A sprinkler should ke able to deliver liquid in a con- 
tinuous stream on to the surface within wide limits of 
volume per unit area; it should rotate smoothly and 
easily and not be affected by wind pressure to any great 
extent; the exit holes on the rotating arms should 
be large enough to pass particles of growth, and it should 
be possible, with great ease, to clean the interior of 
the arms. The bearings of a sprinkler should be outside 
the flow of sewage and no alternating gear should be 
provided: unless absolutely necessary. In that case, 
when the sewage flow is small, the arms come to rest 
during the period in which the sewage is accumulatin:z. 
When the sewage is released a large volume passes through 
a very small portion of the filter, and this continues until 
the arms gain. momentum. Tipping troughs, fixed’ 
troughs, and tray methods of distribution are all open’ 
to the objection that with rates of flow such as 200 gallons: 
per square yard they are’ very liable to freeze in winter. 


22023. Do you thitk it best to put on the filter a fairly 
constant amount of liquid, or do you consider that tbe 
amount can be increased in times of storm without 
impairing the efficiency of the filter or the quality of the 
effluent. ?—The rate of flow on to a filter can be increased 
in storm-times without causing any detriment to the 
filter. In the case of liquids free from suspended matters 
being treated, the rate of flow can be increased from 
2u0 to 1,200 gallons per square yard with impunity. 


22030. Is there any practical advantage in artificially 
heating the liquid which is being treated on percolating 
filters ?—There-is no practical utility in heating the 
liquid sent on to precolating filters. Filters unheated in 
any respect give at Leecs filtrates which in winter 
are non-putrescent and generally well below the pro- 
visional standard. + Da 


22031. Have you had any experience to show whether 
open sides ere an advantage to a percolating filter 2— 
A comparison of the filtrates from various types of filters. 
shows that side eration is not necessary. A filter at 
Leeds constructed without side eration gave fully «rated. 
and well-oxidized filtrates. In this case the bottom. 
of the filter was well erated. . 


22032. Have you made any study of the conditions of 
eration of percolating filters, and is it desirable that 
the bottom of the filter should be raised from the ground ? | 
—A study of the conditions of eration has shown that 
to maintain the efficiency of a filter it is essential that 
there must be a free admission of air to the base of the 
filter and that the top surface must be kept free from 
growth so that no ponding occurs. It is, therefore, 
desirable that the base of the filter should be above 
ground level. 


22033. What do you consider the most’ convenient 
superficial area for a percolating filter ?—For large volumes 
of s2wage, filters having a diameter of from 100 to 150 feet 
would seem to be desirable. 


22034. Do percolating beds, in your experience, choke ? 
If so, have you been able to measure the rate of choking, 
and how do you suggest that this choking can be removed 
and at what cost ?—Filters constructed with material 
which is liable to disintegrate or which is too fine, do 
readily choke. Thus a filter constructed of clinker — 
having a diameter of three-eighths to five-eighths inch 
became useless at the end of two years, whilst a filter 
constructed of coke having a diameter of two and ahalf 
inches and upwards is still giving satisfactory results 
after a working period of six years. Both of these 
filters were treating septic tank effluent. <A filter con- 
structed of slabs of clinker each about one foot across and 
packed vertically by hand became useless in less than 
two years owing to the disintegration which had taken 
place. The only effective way to prevent choking is 
to use a hard material, which does not easily wear, and 
in pieces over three inches diameter. In this case, any 
solids which accumulate may be largely washed out by 
means of large volumes of water. The heavy flow through 
such a filter when storm waters are treated also tends to 
keep it free. 


22035. Of what nature are the suspended solids in th> 
filter effluent ?—How much-is organic matter, and are 
they putrescible apart from the liquid portion of the 
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effluent ?—An analysis of the chief constituents of tle 
sludge deposited from a continuous filter effluent is :— 


per cent. 
Loss on ignition - - - - - 40°4 
Sand and insoluble matter . - - 18-9 
Oxides of iron and alumina’. - - = obs 


This sludge is usually non-putrescent. 


22036. Have you any experience of, or any suggestions 
to make on, the settlement or other separation of the 
suspended solids issuing from a percolating filter, and 
to what minimum figure do you think such settlement 
or other final treatment can be carried as a practical 
m2asure ?— Solids in these filtrates are readily settled 
out as they are heavy and granular in appearance, but 
a better and more effective method is by mechanical 
filtration, The filters are constructed of fine furnace 
ashes and have a depth of six inches,with side walls rising 
about two feet above the surface of the ashes,so that the 
liquid to be filtered can pond up to that depth. The 
whole is underdrained by means of agricultural tiles. 
In practice the filter effluent is run on to the surface 
at the rate of 400 gallons per square yard, and perco- 
lating through the material becomes freed from suspended 
solids. Such a filter will continue to treat a filtrate con- 
taining about e‘even parts per 100,000 of solids for.a period 
of about o-e month before it becomes necessary to stop 
the flow on to it. The filtered solids soon drain dry and 
splitting up into small cubes are easily scraped from the 
surface, the filter being then ready for use again. In 
practice it is possible to produce a result containing from 
four to five parts per 100,000 of solids. 


22037. Do you find that the suspended solids in your 
filter effluent vary very much in amount from time to 
time, and, if so, can you explain the causes of such varia- 
tion ?—The solids in the filter effluent vary very greatly 
in amount, the largest quantity appearing in spring and 
autumn. Generally speaking there are more solids present 
during the warmer months of the year, and the fluctuations 
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are more pronounced with a comparatively new filter. 
It is usually found that after one of these periods of flushing 
out of solids that the suspended matter present in the 
filtrate shows a diminution in quantity. The average 
amounts of suspended matter per month in the filtrate 
from a bed treating septic tank effluent were :-— 


Month. . 1902 1903 
January - - - - ill 8-9 
February - - - - 198 1-4 
March - - . - - 19-8 9-5 
April . - - : - - 10-4 oT 
May - - : - ao ee 10-4 
June : ae - eee 16-4 
July - - - : ee, sp 0 
August - - - > - 10-2 12°8 
September - - - - 6:0 10-4 
October - - - - = | ee 15+2 
November - . - se S62 12°5 
December - - : nd eptvek 12-2 


These flushes would appear to coincide with the 


activity of the higher forms of life within the filter, 


22038. What. was the cost of your percolating bed 
installation per acre, and how much liquid do you treat 
per acre per twenty-four hours, at ordinary times and in 
storm times? Please give the depth of the filter and an. 
average analysis of the liquid which you put on, and an. 
average analysis of the effluent when working at the 
ordinary rate and when working at a greater rate in storm 
times ?—As all the various filters at Leeds have orly 
been experimental no reliable figures can be given, but 
the cost, calculated per acre, for continuous filters from 


n'ne to ten feet deep has been about £9,000 to £13,00C 


per acre, according to the manner of construction. In 
ordinary times the usual amount treated is 200 gallons 
per square yard per twenty-four hours, rising in times of 
storm to 1,200 gallons per square yard. The following, 
are the average analyses :— 


J. FIvrer TREATING Septic Tank EFFLUENT AND HAVING A DEPTH OF 9% FT. 6 IN. OF 


Bep MarTzEriAt (1903). 














Bed Filtra’e. 
Septic Tank 
Effluent. 
Unsettled. Sand Filtered. 
Hl 
Ammoniacal N. - - - - - - - 1:05 °403 ) 374 
Albuminoid N. - - - - - - . 363 142 076. 
NitricN. -  - - : - : = 3.5 993 1-06" 
Oxygen absorbed 4 hrs., 80°F. - - - - 5°96 1-09 134 
(before - - . 5 = 59 29 
-Ineubator Test ' 
after - - - - : — 61 32 
Dissolved Oxygen absorbed in 24 hours - ~— - — 35 por cent. 24 per cent. 
5-9 112 30 


Suspended Solids a cl ee ee 1 








. No storm waters were treated on this filter. 


Mr. W. H. 
Harrison, 


M.Sc. 





11 May 1903 
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Mr. W. H. II. FInrer TREATING SETTLED SEWAGE AND HAVING 4 DEPTH OF 9 FT. 61N, (1904). 
Harrison, 
MSc. = ——— 
1) May 1905. Bed Filtrate. 
pw: Settled Sewage. 
Unsettled. Sand Filtered. 
Ammoniacal N, - : - - - . - 1:73 295 "253 
Albuminoid 2N iiy~sse yess Veeiuedd se suet 388 137 070 
Nitric N.  - - - - - - - - _ 1-27 1-428 
Oxygen absorbed 4 hours, 80° F. - - - 5°50 1:64 945 
( before - - - - - 581 349 
Incubator Test a | 
are ee NA ore ‘B45 319 
Dissolved Oxygen taken up in24 hours” - - — 32°8 per cent; 15°7 per cent. 
Susvended Solids - ° ° ° - - 12-2 12°9 6:4 








III. (a) Firter 12 Fr. DEzp anp TREATING CruDE SEWAGE (SCREENED) 1902 anp 1903. 














Filter Effluent. 
Screened Sewage 
Unsettled. Sand Filtered. 

Ammoniacal N. - - = A 2 , 2°30 "721 -516 
Albuminoid N. - - - - 5 - "769 277 104 
Nitric N: - - - - - : - — 350 591 
‘Oxygen absorbed 4 hours 80° F.- - - 10:2 20S. ae "Y34 

before - - - - - — . 1-28 39 
Incubator Test i 

after - - - - : — 2°25 46 
Dissolved Oxygen absorbed in 24 hours - aie — 71% 39% 
Suspended Solids - - - - : 53-2 21°0 35 





(6) SamE FILTER WHEN TREATING STORM-WATERS AT THE RATE OF 600 GALLONS PER SQUARE YARD. 

















| Bed Filtrate. 
—— Storm Water. : 
Unsettled. Sand Filtered. 

Ammoniac=l N.- - - - - - - 1:10 422 401 
~Albuminoid N,. <<) Dic sie gees ede 337 270 om <nQ%6 
Nitric N. tet eS = 041 :070 
‘Oxygen absorbed 4 hours 80° F.  - - - 755 4-12 835 

Dissolved Oxygen absorbed in 24 hours - _ 100% 37-56% 


Suspended folids - - - + : - . 68°7 68:1 ine 
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(c) SAME FILTER WHEN TREATING STORM-WATERS AT THE RATE OF 1,200 GALLONS PER SQUARE YARD. 
- 








Storm Water. 





Bed HViltrate. 
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Sand Filtered. 





Unseittled. 
Ammoniacal XN, - - - - - 1°36 ‘700 ‘501 
Ce  @ +386 561 109 
Nitric N. : - = = - : oo ‘O14 “O15 
Oxygen absorbed 4 hours 80°F. - — - 9-01 10-0 1-00 
Dissolved Oxygen absorbed in 24 hours - — 100% 54:1% 
Suspended Solids - - - - - 61:5 64.0 _ 
rh 





IV. (a) Filter 6 feet deep and treating precipitated 
sewage at the rate of 100 gallons per square yard per 24 


hours (1904) :— 











Ga Precipitated 
Sewage. 
Ammoniaca! N - - - 2°06 
Albuminoid N. - : - 309 
ease ar ales = 
Oxygen absorbed in 4 hours 
so° Fr. - - - - 4:14 
Dissolved Oxygen absorbed 
24 hours - - - - — 
( before - - 
Incubator test - 
( after - - — 
Suspended Solids - - - 6°7 


Bed 


Filtrate. 


310 
069 


1814 


698 


10°3% 
261 
263 


21 





(c) Same filter treating precipitated sewage at unerate 
of 200 gallons per square yard (March 1905) :— 











Precipitated Bed. 
= De Sewage. Filtrate, 
Ammoniacal Nitrogen - 1-68 500 
Albuminoid Nitrogen - 348 070 
Nitric Nitrogen - - . — 1°52 
Oxygen absorbed in 4 hrs. 
at 80° F. - - : 3-00 ‘581 
Percentage of dissolved 
oxygen absorbed - — 13% 
. before - 21 
Incubator Test { atten — 4 
Suspended Solids - 5:1 8 














(b) Same filter treating precipitated storm-water 
at the rate of 600 gallons per square yard :— 


(d) Same filter treating storm-water at the rate of 
1,200 gallons per square yard (March, 1905) :— 








jNeM. Precipitated 
Storm Water. 
Ammoniacal N. - = S 1-38 
Albuminoid N. - - - ‘211 
Nitric N. Me = - as 
Oxygen absorbed in 4 hours 
rea | eee - - - 1-95 


{ before - = — 
Incubator test . 
| after - e — 


‘Suspended solids - : - eo 
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Bed 


Filtrate. 


857 
“103 


1-93 


1-05 

3-10 
+320 
H be: | 





Ammoniacal N. - : L 
Albuminoid N. -. - - 
N itric N wet oi - = 


Oxygen absorbed in 4 hrs, 


at 80° F. - - = 


Percentage of dissolved 
oxygen absorbed - 


before - 


Incubator test! fey 


Suspended Solids 





ee aaa Vana aie 





Precipitated Bed 
Sewage. Filtrate. 
1-71 514 
296 108 
— 1:13 
2°14 860 
— 27% 
— “417 
has 81 
pam | 


Mr. W. H. 
Harrison, 
M.Sc. 





11 May 1905. 
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22039. Have you observed the effect of changes of 
atmospheric temperature on the working of a percolating 
filter ?—I hand in a Table showing the average maximum 
and minimum temperatures for each month from July, 
1904, to February, 1905, and also the variations in the 
percentage of purification. The filter was treating pre- 
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cipitated sewage, and consequently the filtrate contained 
very little suspended matter. I have chosen this example 
owing to this fact, for when solids are present in quantity 
in a filtrate the changes in purification due to changes 
of temperature are masked by the fluctuations in the 

suspended matter :— 









































Temp. °F. Precipitated Sewaze. Filtrate. 
ae ling Percentage 
purification 
Month Percentage in Alb. 
Mind| Max Amm.| Alb. | O, |Suspd.| Amm.| Alb. | Nitro.}| O, of dis- | Suspd. NH. 
= 7h aN: N. | Abs. | solids.| N. N. N. | Abs. | solved-O. | solids. 
absorbed. 
July, 1904 | 54 70 | 2°91 | *292. 1 348 4+4 ‘494 | -107 898 | 1-40 17 8 * 
Angas 51 66. | 187 o), 190 155 5:7 108 | 038 | 2:02 | -528 7 1:2 * 79.9 
Sept. ,, 46 62], | 2-22 | 264 | 4:24 6-1 129 | -045 | 1:82 | -497 7 18 82:9 
Oct. 77 41 55. | 2°18 | s3814 | 5:08 8-4 155 | 052 | 2-17 | -605 10 3°2 83-4 
Noviselss 36 46 | 2°15 | -357 | 4:17 5:7 ‘557 | -081 | 1°84 | -547 ‘| 3:0 17:4 
Dec. ,, 32 42 | 2:00 | -377 | 4:35 98 ‘419 | 094 | 2:14 | ‘611 14 2°5 750 
Jan.,.1905 | 334 | 42 | 1°82 | ‘824 | 4-91 5:0 “498°"| -086 “1-18 725 iz 22 73°4 
Heb: x, 35 45 | 188 | -420 | 3.52 52 438 | 084 | 1:30 | -480 5 1-0 80-0 
| 

















Generally speaking these figures show that the purifica- 
tion is affected by changes of temperature for (1) the 
amount of ammoniacal nitrogen in the filtrate approxi- 
mately increases with a decreasing temperature; (2) 
the purification in albuminoid nitrogen and the oxygen 
absorbed value decreases approximately with a decreasing 
temperature. 


22040. Have you found any trouble from vegetable 
growths in percolating filters ?—Growths appear in 
quantity upon the surface of the continuous filters at 
Leeds in the early and later periods of the year when it 
is necessary to repeatedly fork the surface in order to 
prevent ponding of the liquid, and so keep the interior 
of the bed well xrated. These periods only last from 
two to three weeks, and during the remaining portion 
of the year it is not necessary (or, at least only very 
occasionally) to fork the surface. These growths are 
the same as are found upon the walls of the main sewers, 
and the fact that they only grow readily at particular 
periods upon the filters would seem to point to the sewage 
temperature, which is intermediate at these times, being 
the determining factor in their rate of growth or else 
in their season of sporing. 


22041. Would you kindly compare the cost (initial 
expenditure and annual cost of upkeep and working) and 
relative advantages of percolating filters and contact 
beds. Do you consider that one form is best for some 
kinds of sewage, and the other form for other kinds of 
sewage ?—The relative advantages of percolating and 
contact beds are: (1) If solids are present in the liquid 
to be treated, a greater depth of filtering material is 
required for percolating filters than for contact beds. 
If no solids are present, the difference is not great. (2) 
Percolating filters cost more to construct than contact 
beds. (38) If solids are present in the liquid to be treated, 
they are present in the effluent from percolating beds, 
necessitating extra settlement or filtration. Contact 
bed filtrates are practically free from suspended solids. 
{4) As a general rule, the filtrate from a continuous filter 
contains more dissolved oxygen than that from a contact 
bed. (5) The amount of liquid treated per cubic yard 
per day on contact beds is limited by the number of 
fillings which can be given, and decreases in amount as 
the beds lose capacity. Witn percolating filters the 
amount treated is constant, and if the bed material is 
coarse and not easily disintegrated by weathering in- 
fluences, this amount remains constant for many years. 
Accumulation of solids within the body of a contact. bed 


produces in time a great loss in the water capacity, which 
can be effectively regained only by washing the bed 
material. With coarse peicolating filters these accumula- 
tions may, in the course of time, produce bad internal 
distribution, but this is easily remedied by turning a 
large volume of water on to the filter and flushing out 
the retained solids. Generally speaking, the effective 
life of a percolating filter will be longer than that of a 
ccntact bed. (6) Contact beds are less readily affected 
by changes in atmospheric temperature than percolating 
beds. 


22041*. Do you find that the chance of nuisance is any 
greater with one form of filter than with another ? Does 
the risk of nuisance depend on the kind of sewage which is 
being treated or on the nature of the preliminary treat- 
ment to which the sewage has been subjected ?—I have 
never found that the actual filtering operations cause 
nuisance. The risk of nuisance arising, in my opinion, 
depends upon the nature of the preliminary treatment 
and the method of distribution, eg., the process of 
distributing septic tank effluent upon filters by means of 
spraying devices may give rise to nuisance. 


22042. Have you made any comparative observations 
which show how many gallons per cubic yard per tweniy- 
tour hours of your tank liquor or tank liquors, could be 
satisfactorily purified on a percolating filter, and how 
many gallons per cubic yard on contact beds ?—I have 
treated various liquids upon percolating filters at the 
following rates per cubic yard per twenty-four hours, 
with the production in each case of a good filtrate :— 
(1) crude sewage on a twelve feet bed at the rate of 
forty-two gallons per cubic yard; (2) septic tank 
effluent on a nine feet six inch bed at the rate of fifty- 
three gallons per cubic yard; (3) settled sewage ona 
nine feet six inch bed ai the rate of sixty-one gallons per 
cubic yard; (4) precipitated sewage on a six fest filter 
at the rate of forty- -eight gallons per cubic yard; (5) 
precipitated sewage on a six feet filter at the rate of 100 
gallons per cubic yard. 

With regard to contact beds, in ordex to produce a 
good result it has been necessary at Leeds to adopt double 
contact in every case ; therefore, to obtain the amount of 
sewage treated per cubic yard under these circum- 
stances, the total number of cubic yards in the primary 
and secondary beds must be taken :—(1) crude sewage 
treated by double contact at three fillmgs per day on 
three feet filters gave a rate of 128 gallons per cubic yard 
per twenty-four hours at the commencement of the 





* Ist filtrates from a new filter and therefore cannot be compared with others. 
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experiment. At the end of two years the amount which 
could be treated under the above conditions was only 
twenty-nine gallons per cubic yard per day; (2) septic 
tank effluent treated by double contact on six feet beds, 
receiving two fillings per da} and one weeks’ rest in 
every four, gave an average rate for 1903 and 1904 of 
thirty-three gallons per cubic yard p21 day. the maxi- 
mum amount being forty-two gallons. Generally the 
average amount treated per cubic yard per day through- 
out the life of a filter is greater on a percolating bed than 
on a contact bed ; analytical figures are given in answer 
to previous questions. 


22043. What,in your opinion, constitutes a good effluent? 
I consider that a satisfactory effluent must cunform to 
the following conditions :—(1) it must be non-puire- 
scible ; (2) the free ammonia value must be low and the 
nitric nitrogen value high; (3) the suspended matter 
must be low. 

22044. What are your views of the various tests used 
in judging of the quality of an effluent, and of the ad- 
visability of a standard or veries of standards?—I am not 
in favour of fixed standards of purity based upon limiting 
numerical values such as the present Meisey & Irwell 
standard, for the reason that different bacteriological pro- 
cesses produce effluents, even when the same liquid is 
treated, containing varying amounts of organicimpurity, 
as determined by the usual tests, the quantity of which is 
no safe criterion of the power an effluent possesses of 
resisting putrefactive changes. Thus with the “ oxygen 
absorbed in four hours ”’ test the highest value I have ob- 
tained with a non-putrescent! double-contact bed effluent 
has been 1:62 parts per 100,000. Above that figure the 
effluents have invariably been putrescent. On the other 
hand a continuous filter, treating crude sewage, gave 
effluents having a value as high as 2°30 which were non- 
putrescent. An effluent which atone time is non-put- 
rescent with a given “oxygen-absorbed ”’ figure is some- 
times found to be putrescent when giving a much lower 
figure. In the case of the “ Putrescibility of an 
effluent as measured by the Incubator test,’2 I find 
that, even with the addition of urea to decompose nitrites, 
the “three minutes oxgyen absorption *? figures are 


unreliable, many effluents giving higher values 
after incubation than before, although remaining 
perfectly sweet. In all cases, however, where 


an effluent has really putrefied upon incubation, I have 
found that the “‘ eration test’? has also shown it to be 
putrescent, but when the effluent has remained perfectly 
sweet, although there has been an increase in the oxygen 
yalue of the incubator test, the “‘ wration ’? test has 
shown it to be non-putrescent. I find that the most 
reliable method of determining the putrescibility 
of an effiuent is by the “ eration test.” A really good 
effluent will not absorb more than 25 per cent, of its 
dissolved oxygen and a moderate effluent from 30 to 40 per 
cent. Above 50 per cent. all effluents which I have ex- 
amined have been putrescent ; any absorbing from 40 io 
50 per cent. are doubtful in character. The free ammonia 
test is also very useful for generally any effluent containing 
only a small quantity will be stable with regard to the 
** servation test.’? I regard the “ oxygen absorbed *? and 
the albuminoid ammonia tests as giving very parallel 
results with any particular sewage, and therefore, I do 
not consider it necessary to always determine both values. 
With regard to the amount of suspended matter in the 
effluent, I consider that a contact bed effluent should not 
contain more than three grains per gallon (4:2 parts 
per 100,000), and that a continuous filter effluent may 
contain up to five to six parts per 100,000, if the other 
tests are satisfactory, as the solids in this case are 
usually better oxidized than in the former. 


22045. With regard to your answer to Question 21993, 
we have it from several witnesses that it is possible to over- 
septicise the sewage. You tell us that you have never 
found it so. Have you made several experiments ?—Yes, 
but only in the general course of experimenting. Inever 
tried it on contact beds. It may be possible there to over- 
septicise ‘but I never found it so on continuous filters. 

22046. (Colonel Harding.) You have in fact tried 
experiments for a considerable period with septic tanks at 
so slow a flow as would fill the tank in 72 hours, have you 
not ?—Yes. 

22047. And you did not find any material difference 
either in the effluent or in the evolution of evil-smelling 
gases ?—No ; it was practically a normal tank. 
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22048. (Mr. Power.) Are you disposed to think that the 
character of the trade effluent in your sewage has to do with 
the behaviour of the septic tank ?—It may, for instance, 
be possibly owing to the larger amount of iron, which 
unites very rapidly with the large amount of sulphur in 
the sewage. 


22049. (Colonel Harding.) You have not found that by 
largely reducing the flow there was a development of 
sulphuretted hydrogen ?—In the gases given off ? 


22050. Yes ?—No. 


22051. (Chairman.) As far as you are concerned at 
Leeds, you think the septic tank might remain full for a 
week and the effluent would be just as easy to treat ?—In 
one particular case—a good while ago now—we allowed a 
tank to stand for a month and began working it straight 
away on the contact beds and we found no difference at 
all, 


22052. You found no difference ?—No. 


22053. After standing for a month you found no 
difference ?—Of course, the tank became much more septic 
in condition. 


22054. In your answer to Question 22000, there is a con- 
siderable difference with regard to the suspended solids 
—9°5 and 6°4?—That is probably due to the smaller 
amount of suspended matter going on with the lime 
effluent. 


22055. Then with regard to Question 22018, the last 
analysis there is considerably better than the third 
analysis, is it not ?—Yes, that is so. 


22056. Have you any explanation of that ?—Oh, yes» 
in the first case the beds received three fillings per days 
but in the last case they received on the average only 
about 12 fillings a day. There was a much longer period 
of rest, ; 


22057. Then on Question 22032. Have you found by 
actual experience that a filter with its base on the ground 
level would give worse results ?7—No. At Rodley we have 
a filter with its base actually under the ground level and 
simply aerated by vertical pipes down to the base, and in 
that case we get perfectly aerated results. 


22058. In answer to Question 22032. you say it is desirable 
that the base should be above the ground level ?—Quite 
sc. Ifitis below the ground level there may be a danger 
of the access of air being easily stopped. 


22059. But you have no actual experience of a filter 
with its base on the ground level having the access of air 
stopped ?—No. 


22060. (Colonel Harding). In speaking about the bottom 
of the filter being raised from the ground I think yon mean 
that the material would be raised from the bottom of the 
filter. I do not think you mean to suggest that a per- 
colating filter sunk into the ground would necessarily 
not be aerated if the same conditions applied ?—No. I 
simply meant that there must be a given air space between 
the base of the material and the concrete floor. 


22061. Such access might exist equally if the concrete 
was sunk into the ground ?—Yes, we have it at Rodley. 


22062. (Chairman.) In answer to Question 22036, you 
say that in practice it is possible to produce a result con- 
taining from four to five parts per 100,000 of solids. 
Have you any figures which would show the cost of that 
final treatment ?—I have not with me, but I believe I 
gave some information to Mr. Willis some time ago. 


22063. In reply:to Question 22041, you state that per- 
colating filters cost more to construct than contact beds. 
I suppose you are quite sure about that statement ?— 
T think I am. 

22064. Could you prove it by your own experience ?— 
Only by the small experimental filters. It is the greater 
depth and the need for giving efficient aeration all round 
which causes the extra cost. 


22065. (Sir William Ramsay.) Are you basing your 
experience on the Whittaker filters ?—On most of the 
ecntinuous filters. 


22066. (Chairman.) In your opinion is the type of 
effluent from the contact beds superior or inferior to that 
from the percolating filter ?—There is very little differ- 
ence between the two effluents under the best conditions, 
but taken under the worst conditions—that is both beds 
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treating crude sewage—and with settlement of the efflu- 
ent from the continuous filter, then I have no hesitation 
in saying that the continuous filter effluent is much the 
better. 


22067. (Mr. Power.) There are one or two points I 
should like to ask you about, though I am afraid they 
may prove to be rather engineering matters than apper- 
taining to your department. They have reference to 
the storm waters. I should like to understand this a 
little more clearly. Your dry weather flow is. 17,000,000 
gallons ?—Yes. 


22068. And one-third of that will be trade refuse ?— 
Yes. 

22069. Then as to soil water you say that may on occa- 
sion amount to 3,000,000 gallons per day ?—Yes. 


22070. Then that does not leave you a great deal for 
domestic sewage under present conditions ?—I mean 
that 3,000,000 to be added on to the 17,000,000. 


22071. You do; it is not ineluded ?—17,000,000 I put 
down as the dry weather flow ; these 3,000,000 only come 
in after periods of rain. 


22072. Mainly in the winter time 7?—Well, if it is a wet 
summer we get it then ; it is a dilution which only occurs 
after periods of rain. 


22073. The next point was Question 21959,—that the 
maximum capacity of the sewer is 60,000,000 gallons 7?— 
Yes. 


22074. Well, that is not six times; not quite four, 
having regard to the seventeen plus three; that is a 
good deal short of six times the dry weather flow ?— 
That is so. 


22075. Does that mean that the capacity of the sewers 
will not bring you down more than 60,000,000 a day ?— 
They will not under the constructional conditions. 

22076. One tenth of an inch of rainfall per hour in 


twenty-four hours will give you that continuously,—the 
whole 60,000,000 in a day, will it not ?—Oh, yes, we very 


often get the sewer full. 


22077. Then how about the overflows; are therea 
number of overflows in the town, and at what points do 
they act ?—They are along the whole line of the sewers ; 
of the main sewers. 


22078. And would they come into operation before 
the rate of six times the dry weather flow was reached ; 
I suppose they would ?—Yes. 


22079. Then in time of storm there would be a good 
deal of polluting liquid going into the river that never 
comes near the works ?—By means of the storm overflow. 


22080. Therefore what you say at Question 21972, as to 
treating six volumes of storm water means that you are 
prepared to do that by your process if it is delivered to 
you to do ?—That is so. 


22081. And as a matter of fact you have now and 
again treated six times the customary amount by those 
very filters, I suppose ?—That is so. 


22082. On Question 21972 still, three volumes in the 
ordinary way; that would be three volumes of precipi- 
tated sewage, would it ?—Yes. 


22083. At the rate of 100 gallons per square yard ?— 
Yes. 


22084. Then you deal with the balance; the other 
three you say “ well settled ; ? is that simply settled by 
subsidence tanks, and if so, for how Jong. In the lower 
part of Question 21972 you say: “I think the case would 
be fully met by treating three volumes as in the ordinary 
way, the remaining three volumes being well settled or 
precipitated *—and then you propose to treat that 
additional three volumes from 600 to 1,200 gallons 
per square yard ?—I mean there, really three volumes by 
the ordinary method of treating sewage water, by precipi- 
tation or whatever method of filtration. 

22085. It would be at the rate of 100 gallons per square 
yard, the normal rate ?—Yes, 300 gallons. 

22086. I want to know what you do with the balance 
you spoke of as being well settled ; is it in subsidence tanks, 
and if so for how long ?—It is about a four hours a 
ment for the storm water sewage. 

22087. Would that require a very large instalment of 
tanks to deal in that way with the whole of the storm 
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sewage of Leeds ; it would be on rather a big scale, would 
it not, four hours settlement. You see, it would be more 
than 60,000,000 gallons coming down when the sewers 
are enlarged, and the middens are converted into water 
closets ?—Oh, that is so, but I think if you add a little 
more precipitant you can do it with a 12-hour tank. 


22088. You would use precipitant ?—I am using, here, 
only a little. 

22089. Well settled or precipitated; would you use 
some precipitant with it 7—Yes; I was saying if you use 
precipitant you would treat the whole six times in the 
tank, which at normal times was a 12-hour flow—that is 
half 24-hour septic tanks, 

22080. (Sir William Ramsay). Giving it 4-hour periods ? 
—Oh no, it would be two in that case. 

22091. (Mr. Power.) And when you are treating this 
storm sewage at the rate of 600 to 1,200 gallons per 
square yard ; I see you have got out some very favourable 
figures ; are those effluents non-putrescent, generally ?— 
Quite non-putrescent. 


22092. They are 7?—Yes. I must say that I have been 
surprised myself at the character of the results 1 have 
obtained by this experiment. 


22093. The bed is in no way damaged by running it to 
the extent of 1,200 gallons per square yard, for the best 
part of a day ?—I have had it going for two days without 
hurting the filters. 


22094. Continuously ?—Yes. 


22095. Without any damage to the subsequent filtra- 
ting ?—None that I could determine. 


22095. (Sir William Ramsay.) Is there much subsoil 
water in the Leeds sewage? In your answer to Question 
21960 you have avery high maximum; is that subsoil 
water ?—That is subsoil water, but it only occurs after 
long periods of rain. 


22097. I suppose the septic tank liquor contains a 
quantity of iron in solution, or colloidal solution ?—It 
does. 


22098. That has to be decomposed by the sulphu- 
retted hydrogen, or rather there will be a double 
decomposition ; the albuminoid bodies will decompose 
and give sulphuretted hydrogen. Will that attack the 
iron and form a sulphide of iron? I think you said, in 
answer to some other question, in no case have you had a 
smell of sulphuretted hydrogen ?—Not in the tank. 


22099. That means that there is more iron than is 
sufficient to deal with it all ?—I have iron in solution in 
the septic tank effluent. 


22100. However long it has been running ?—Yes. 


22101. So that Leeds stands in a peculiar position as 
regards the nuisance likely to be caused by the septic 
tank. You will never have sulphuretted hydrogen ?— 
Oh, 1 think we stand in a very favourable position from 
that cause. 


22102. In answer to Question 21964 you say that the 
suspended solids are more or less dark brown in colour ; 
have you estimated the inorganic matter in the solids ?— 
Is that from the ordinary sewage solids 7 


22103. Yes ?—Roughly anOR BE, there will be about 
50 per cent. 


22104. Half of each ?—Yes. 


22105. In the answer to Question 21965 you give 
oxygen absorbed in four hours, 10°8: is much of that due 
to ferrous iron ?—Yes, there is some ferrous iron in the 
sewage. 


22106. Can you give any intormation as to how much of 
the 10°8 is due to ferrous iron ?—I cannot, because the 
bulk of the iron enters the sewage in its ferrous state, but 
during its passage down to the works it becomes oxidised 
to some extent, and that varies very largely. 

22107. In reply to Question 21972 you speak of a 
specially constructed storm water filter ?—Yes. 

22108. You do not give any details as regards its con- 
struction ; what sort of filter was it ?—It is simply built 
on the usual contact-bed form. 

22109, (Colond Harding.) Is it on the lines suggested 
by the Local Government Board ?—As far as I understand 
them, it is. 
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22110. (Mr. Power.) What depth ?—Three feet. 
22111. (Sir William Ramsay.) Isit filled ?—Yes. 


22112. How does it work ?—We. close the valves—-the 
outlet valves—and run the storm water into it till the 
bed is full to the surface ; we then open the outlet valve 
to such an extent as to deliver the same volume of water 
‘that is going on to the filters. 


22113. And you really use it as a continuous filter ?— 
A streaming filter, yes. 


22114. In your answer to Question 21975c you describe 
the method of .separating the sludge; what becomes of 
‘the water that drains off the sludge ?—It drains back into 
‘the tanks. 


22115. Some evaporates, I presume ; not much evapo- 
rates ?—Well, it can only do so from the top surfaces ; 
‘the top surfaces of the sludge very quickly become hard, 
but even when the top layer is sufficiently hard to walk 
across, the sludge beneath is quite wet. —~ 


22116. Then that must dry by evaporation ?—The 
‘top layer. 

22117. And ultimately the under layer ?—It takes a 
long time. 

22118. (Colonel Harding.) Does it take many years ? 
—To dry it by evaporation, I am afraid it would. Tf 
have tried it in small lagoons, just drying by evaporation, 
and even there, where the layer was a foot thick, it took 
several months. 

22119. (Sir William Ramsay.) IT remember you used 
to spread the sludge in thin layers in some way or other 
over a considerable surface of ground, and then, I think, 
it dried ; is not that so ?—If you can spread the sludge 
in thin layers, say six inches thick to begin with, it very 
-quickly dries, then cakes; as the water evaporates from 
the surface layer, the sludge at Leeds has a tendency to 
crack somewhat into cubes, so that air gets practically 
through the whole mass in time. 


22120. Is the soil at Leeds sufficiently porous to make 
it possible to hope that the soil would act as a kind of 
filter, and a lot of water would get into the soil ?—I am 
-afraid it would only answer once; the soil would become 
clogged up. 


22121. With the sludge ?—As a matter of fact we have 
‘to put a fresh layer of clinker at the bottom of the lagoon 
-after clearing it out. 


22122. In your answer to Question 21978, you say: 
‘Recent experiments at Leeds have shown that an effluent 
produced by using eight grains of lime per gallon and two 
grains of sulphate of alumina, and practically free from 
suspended matter, can be treated more casily than septic 
‘tenk effluent or settled sewage upon trickling filters” ? 
—Yes. 


22123. That is not everyone’s opinion; I think we 
have had contradictory evidence to that ?—Well, as you 
see from the analyses, the results are well below the 
Rivers Board’s standards. 


22124, Yes ?—In both cases. In the one case where 
a 3eptic tank effluent is treated on the tilter, you get 10°5 
parts of suspended solids in the effluent. Of course that 
necessitates a further process for draining oft those solids. 
In the other case, where precipitated sewage is sent on 
to the filter, practically no solids appear in the effluent. 
Again, the gallons treated per cube yard are in the case 
of septic tank effluent 61 gallons; in the case of pre- 
cipitated sewage, 100 gallons. 

22125. You do not mention the details of the septic 
tank liquor there at all ?—No, I have given them in 
another place. 


22126. Is it the same liquor as you mention in answer 
to Question 22000 7—Yes. 


22127. That is the same liquor ?—Practically the same 
composition, yes. 

22128. It might be advisable to refer to Question 22000 
there ?-—No, that is the filtrate from a bed treating septic 
tank effluent. 

22129. Septic tank liquor that goes on ?—Septic tank 
liquor. I give it in the part dealing with septic tanks. 

22130. (Mr. Power.) Is it not under Question 21992 ? 
—You get there the analyses for several rates of flow. 


29131. Different flows ?—Yes. 


22132. (Sir William Ramsay.) Would it not be well, 
in answer to Question 21978, to give the figures for the 
liquor ?—You get it at Question 21989. 


22133. Then we might put a note to Question 21978 
to say that this liquor is alluded to in the answer to 
Question 21989 ?—Yes, the open tank. 


22134. In your answer to Question 21979 you say, 
“The most effective precipitant was a mixture of ferric 
salts and lime, closely followed in order of merit by alumi- 
nium sulphate and lime.” What is the theory of those 
precipitants, ferric salts and lime ? Is it merely enclo- 
sure by the precipitated ferric oxide of the albuminoid 
matter ?—I take it so. 


22135. That is all ?—I think so. 


22136. Is oxidation that goes on due to ferric salts, 
do you think ?—I have not noticed any. 


22137. Because it is rather unusual ?—The ferric salts ? 


22138. No, that the most effective precipitant should 
be that ?—Well, what I mean is that it clears the ligqiud 
in the shortest time. 


22139. Well, naturally ?—There is very little difference 
between it and aluminium sulphate and lime. 


22140. In answer to Question 21985, you say that the 
sludge does not contain an appreciable amount of chemical 
poisons. May I ask what you tested for. You men- 
tioned an enormous quantity of arsenic coming into the 
sewage; did you test for that ?—Yes, it is very small 
when mixed with the whole bulk of the sludge. 


22141. Was there anything noticed as regards the 
clogging of the beds to which you refer in your answer to 
Question 22000 dealing with the single contact beds; 
did the bed treating septic effluent clog more or 
less rapidly than the bed treating lime and sewage ?— 
No, the clogging in both of these beds was rather 
peculiar. After working several months, they lost 
a large part of their capacity; I can give you the 
figures in a moment. The bed treating lime precipitated 
sewage had an original water capacity of 55,000 gallons. 
That was in March, 189¥, and by October 20th of the 
same year the capacity had dropped to 21,000. 


22142. What about the other ?7—In the other case we 
started in March with 29,000 and dropped to 10,000. 


22143. (Mr. Power.) In six months ?—By the end of 
September in that case. 


22144. (Sir William Ramsay.) Practically the same 
period of time ?—Now in both of those cases the beds 
were rested, and the whole of the material was turned 
over, and in the first case the capacity rose from 21,000 it 
was in October to 53,000, very nearly the same as the 
original water capacity. 


22145. What about the other one ?—The other onc 
rose from 10,000 to 26,000; that was within 3,000 of the 
original water capacity. Considering the beds had had 
so little suspended matter on, we concluded that the loss 
of capacity was due to the material consolidating together. 

22146. We have been told by one witness that it is a 
comparatively inexpensive matter to renew these beds 
by taking off the old material, rejecting the smaller por- 
tion, washing it and putting it back. We got exactly 
contradictory evidence from another witness, saying it is 
far too expensive an operation to be contemplated. Which 
is right ?—Well, if we use destructor clinker, which we 
can get for nothing, and put it in our contact beds, it 
would cost us to get into the bed between 4s. and 5s. 
a cube yard. If we renew that material say every four or 
five years the annual cost is going to be something enor- 
mous. If we wash it, we shall certainly lose a great bulk 
of the material. And then in addition to the cost of wash- 
ing, which will probably be about 1s. 6d. to 2s, a cube 
yard, we shall have to replace the material washed away 
at a further cost of 5s. per cube yard. 

22147. Then which would you regard as the more prac- 
ticable; is it necessary to replace the beds after four 
or five years working ?—It is necessary to do something 
to them. If you turn the material over you will get an 
increase of capacity, but the next time you turn it over, 
a few years later, you will not get such a large increase 
of capacity—in fact with one or two beds at Leeds we got 
a very small increase of capacity, so that once turned over 
you will either have to take the material out and renew 
it, or else wash it; there is no other course open, 
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22148, Comparing these contact beds with continuous 
filtration, is it necessary to replace your continuous fil- 
ters in the same way?—If your material disintegrates it is. 


22149.:Is there as much disintegration in the one 
case as in the other ?—I think it does occur in the case 
of a continuous filter. 


22150. The disintegration is greater in the continuous 
filter ?—Well, I will not say it is greater, but the effect 
of it shows in a much shorter period of time. 


22151. But would it be necessary to wash out a con- 
tinuous filter, or add to the top ?—I am afraid not; the 
whole objective of the filter should be to keep the liquor 
equally distributed throughout the whole filter; if you 
have disintegration or consolidation you will get water- 
courses through the filter, which would produce a bad 
effluent. 


22152. Without washing the substance ?—If you 
screened off the fine, broken-down material, I think it 
would do. 


22153. That would be cheaper than replacirg a contact 
bed I presume ?—I could not say. 


22154. How do you keep the surface of the tanks free 
from scum ?—We allow the scum to form in the first in- 
stance. When we have got a continuous layer, we cut 
out a strip along the side of the tank in the direction to 
which the prevailing wind is blowing. We remove 
that strip by hand, and the wind carries the bulk of the 
scum to the side again. Then we cut off further strips 
till we clear the tank. 


22155. In answer to question 22016 you say, “The rate at 
which primary contact beds lose their capacity varies 
directly with the amount of suspended solids in the liquid 
treated.”? Have you worked this out from the suspended 
solids going on during the period ?—Perhaps I should 
not say direct proportion, but it is\in proportion to the 
suspended solids treated. 


22156. That is to say that it is not a numerical pro- 
portion ?—Oh no, I did not intend it to mean that at all, 


22157. And again, in this other answer in italics: 
** The rate is in the inverse ratio to the amount of rest” ? 
—The same applies. 


22158. The same applies ; it is a general statement ?— 
I only meant it for a general statement. 


22159. It is not intended to be numerically accurate ? 
—No. 


22160. I wish to refer to your answer to Question 
22021. I suppose you would imagine that oxygen gets 
into a contact bed from above during the period of rest ? 
—Resting full or empty ? 


22163. Empty ?—Only by diffusion. 


22162. Do you imagine that it is carried in when the 
bed is being emptied ?—Yes. 


22163. That is where the oxygen comes from ?—I 
think so. 


22164. Part of the solids are oxidised when the bed 
is full, and part of the retained liquid when the bed is 
empty; has that been proved or is it merely inferred ?— 
It is inferred from the general facts gathered. 


22165. Do you think that the choking of your beds 
is due to any extent to the presence of iron—to your ex- 
ceptional conditions in Leeds. Would beds elsewhere, 
where there is less iron, choke equally quickly ?—I will 

fnot say equally quickly. 


22166. Do you get much oxide of iron ?—Oh yes, in 
some cases we have found the bed material cemented 
together in large blocks. 


22167. By the iron ?—By the iron. 


22168. So that after all, your answer with regard to 
the lasting of the beds cannot be taken as general, but 
only a3 applying to Leeds ?—I only mean all these 
answers to apply to the conditions prevailing in Leeds. 


22169, In your answer to Question 22024 you say that 
the depth of the tilter should vary according to the amount 
of solid in the liquid treated. Well, that is a very im- 
portant point; has that been proved definitely with 
various amounts of solid ?—Yes, I think so; we have 
tried screened sewage, septic tank effiuent, ordinary 
settled sewage containing approximately the same 
amount of suspended matter as septic tank effluent, and 
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clarified sewage ; we have tried those four on continuous. 
filters, and to get what might be looked upon as equal 
final results within experimental limits we have had to 
have different depths of bed material. 


22170. So that it comes to this,—that the difficulty of 
purifying sewage is the difficulty of purifying it from 
solid matter ?—The great difficulty is in purifying it 
sufficiently from solid matter. 

22171. And if the solid matter is removed it becomes 
a much simpler problem ?—There is no difficulty at all 
then. 


22172. In answer to Question 22027 you say the feed 
should if possible be continuous. Again, have you any 
definite proof of that; have you tried both ?—We have 
tried both. 


92173. On the Whittaker ?—On the Whittaker. 


22174. And do you find when you have rushes. 
that it does not sprinkle ?—We find when we have inter- 
mittent feeding, the arm stops at one place until it 
gathers momentum to enable it to swing round again. 


22175. It forms channels, no doubt ?—Well, it gets. 
washed through at that particular portion of the bed. 


22176. I wish to refer again to Question 22031. Can 
you give any details as to the filter that you use without 
that side aeration; was it a large experiment ?—12 feet 
square, 10 feet deep, and the walls were blank, and the 
only aeration was a 6-inch valve at the bottom of the 
filter. 


22177. What size of material—coarse or fine ?—About 
3 inches diameter—coke. 


22178. Is that what we saw as the continuous tilter— 
the Leeds filter?—The first one, I daresay it would be. 


22179. In answer to Question, 22044, at what tem- 
perature have you carried out the aeration test ?—Labo- 
ratory temperature. 


22180. Ordinary temperature ?—Without dilution of — 
the effluent at all. 


22181. (Major-General Carey.) Question 21972, refer- 
ring to a comparison of the results of storm water 
filtrates, the storm water in the experiment of March, 
1905, was precipitated and fitered at the rate of 
1,200 gallons per square yard ?—Yes. 


22182. But in the second experiment at the rate of 
500 gallons per square yard ; it was only screened before 
treatment on filters ?—That is so. 


22183. Therefore the more favourable result was pro- 
duced at considerably greater cost ?—I hardly think 
you can compare them in that way. The experi- 
ment on the special storm filter was supposed to follow 
the recommendations of the Local Government Board, 
that is to treat three volumes on your ordinary filters, 
and the remaining three volumes on special storm tilters. 
I here show that if precipitation is included in the general 
method of puritication for a works, that if all the storm 
water were settled in the ordinary precipitation tanks, 
then it can all be treated on the same filters as are used. 
to treat the normal flow of sewage without having re- 
course to a further set of storm titers. 


22184. That presupposes having tank capacity suffi- 
cient to treat the whole of your sewage and storm water ? 
—Certainly. 


22185. Now, Question 22016, you give an example 
of the way in which loss of capacity occurs. In 
a primary bed working’ under ordinary conditions the 
capacity in that bed is very rapidly reduced per 
annum. In two years it would be choked altogether, or 
the capacity would be ntl/?—Before you come to that 
point you would find the difficulty cropping up of getting 
the liquid into the filter. 


22186. You would not get anything in ?—I mean to. 
say the surface gets so clogged that though you may 
have an apparent water capacity it would take you so long 
filling your bed that the bed is useless. 


22187. Quiteso. Now, I want to know whether you 
would work that bed to the extreme limit, or would 
you take the materials out and wash them at a 
certain intermediate stage; when the capacity is being 
teduced at that rate how are you to regain capacity ?— 
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Well, you cannot do it by resting. You must do it by 
washing the bed and replacing the material. 


22188. Would you let the bed go on until it became im- 
possible to work it any longer, or would you take it in 
the intermediate stage, and take out the materials and 
wash them ?—That is a point I can hardly answer. 


22189. As far as I can make out the cost per acre bed 
was at 2s. 5d., which works out to about £600 per acre. 
Would you take it rather under that if you had to 
introduce fresh material 7—You mean plus that ? 


22190. Or if you had to introduce fresh material ?— 
It would cost us at Leeds about 4s. or 5s. per cubic yard 
for fresh material. 


29191. You mention 2s. 5d. as the actual cost ?—That 
is for washing only. 


22192. In any scheme of biological treatment it would 
be always necessary to provide a considerable margin of 
area beyond what is actually required for the treatment 
in order to rest the beds, is not that so, whether contact 
beds of percolating filters ?—You certainly want a little 
elasticity in your scheme, but 1 do not think you need it 
to.the extent of having ajlarge surplus. 


22193. If you rest the percolating filters once a month { 
—But I do not rest them at all. 


22194. I thonght you did rest them ?7—No, I rest 
contact beds once a month. 


22195. But you said the percolating filters 7—Not now 
that I am treating storm waters; they are working 
day and night without any rest at all. 


22196. (Colonel Harding.) When you are treating 
septic effluent do you not work them day and night for 
several years ?7—-Yes, only stopping when storms were on. 
We do not treat storm waters on them. 

Y2197. (Major General Carey.) This is what I am re- 
ferring to; Question 22036, such a filter—you ars referring 
to percolating filters—will continue to treat, a filtrate 
containing about eleven parts per 100,000 of solids 
for a period of about one month before it becomes neces- 
sary to stop the flow on it ?—That is referring to the 
small straining filters for taking the solids out of the 
‘continous bed. 

22198. It does not refer to the continuous filters ?— 
Not to the continuous filter but to the straining filter 
‘afterwards. 

22199. (Sir William Ramsay.) May I ask one further 
question before we pass on. You have considerable 
experience, I suppose of the sprinklers for putting sewage 
on to the filter bed ?—I know one or two forms. 

22200. Do they require very frequent picking out of 
the holes; does it amount to much labour ?—A. 
Leeds we make the holes very large; we make them 
larger than they are delivered to us by the makers; in 
that case we have to clean them about once a day. 

22201. What do you call large; what diameter ?— 
In the case of the large continuous filter we have 
there they will be half an inch wide at the end of the arm, 
the end away from the centre, going down to about # inch 
at the centre. 


22202. And these have to be picked out once a day ? 
—We do it by rodding the arm out. 

22203. From the inside ?—Yes, we send a rod up with 
a lump of waste on the end. 

22204. Does it take long; do you take off the arm? 
—No, we can take off a cap at the end. 

22205. Push the whole of it back into the centre ?— 
Yes. 

22206. Does it take long ?—No, about ten minutes 
will do it perfectly. 

22207. The whole of them ?—One. 


22208. One rod ?—Well, we have only two arms to 
‘deal with. 


22209. I see. What I want to get at is, is it conceiv- 
able that a sprinkler can be used without a very great 
deal of mechanical labour being required to clean it 
daily ?—Wherever you have holes in a sprinkler arm 
you will have labour. 
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22210. Is it serious ? We were told by one of our 
witnesses that there is a plan of sprinkler for continuous 
filter which is probably to be adopted over acres. Does 
it not involve an enormous amount of mechanical labour 
in cleaning those holes which he told us were as small 
as one-sixteenth inch rising in size ?—One-sixteenth is 
too small; they would clog easily. 


22211. It would be a very expensive method ?—I think 
if you have large holes it will not be a very serious cost ; 
you will have to have men on the works. 


22212. They might just as well be doing that as any- 
thing else ?—They might fill up their time in that 
way. 

22213. (Mr. Stafford.) Referring to your answer to 
Question 21966 how do you estimate the strength of the 
sewage ; you speak of the sewage at Leeds as not strong ; 
have you any particular method cf estimating the strength 
of it ?—I state in the answer to Question 21966 that it is 
not strong with regard to organic impurity. That is 
as far as I prefer to go. 

22214, Yes, but you have no particular test or method 
of estimating the strength ?—No. 

22215. In Question 21972, there is an analysis ; 
is this the analysis of the effluent of the storm filter ? 
—Yes, with the storm water streaming through it. 

22216. Do you find that the nitrates come out in a 
storm water filter when the beds have been flooded ?— 
I do not understand the question. 


22217. Do you find that a good deal of the nitrates 
eome out in large quantities when the beds are flooded ?— 
Well, you see by the analysis we get nitrates. 


22218. I see you get nitrogen 0°624 ?—Yes, that is 
the average of a great number of experiments. Of course, 
the nitrates, I have no doubt, are formed when the beds 
are resting between stormss 


22219. Is that continuous or does it come in rushes ?— 
The storms ? 


22220. The amount of nitrates coming out; does it 
come out in rushes at the beginning or is it continuous ?— 
Oh, it is continuous, gradually tailing off as the storm 
continues. 


22221. low long does it continue ?—I have never 
found the effluent without nitrates. 


22222. In the same proportion ?—It would start at 
a higher value than this and gradually get less. 


22223. In answer to Sir William Ramsay about the cost 
of washing and the ccst of replacing new material, I under- 
stood you to say that the cost of washing was about Ls. 6d. 
per cube yard ; is that it ?—I pay for it 2s. 5d. without 
mechanical appliances. 


22224, And the cost of the new material was about 5s. ? 
—About 4s. to 5s. ; that is to grade and place in the beds. 

22295. Do I understand that there would be that 
amount of saving, the di erence betweea Is. 6d. and 
23. 4d. and 5s. in your method ?—Nv, because in washing 
you will certainly wash away some of the fine broken 
down material which you will have to replace. 

22226. I understand that, but the amount of washed 
material; there will be that amount of saving on the 
washed material ; the difference between Is. 6d. and 5s ?— 
No, the difference between Is. 6d. plus the evst of the 
material necessary to be added to bring the bed up to 
its old level, and 4s. and 5s. 

22227. Yes, but still there is a decent saving ?—Oh, 
there is a distinct difference, certainly, on the side of 
washing the material if it can be done for ls. 6d. on the 
large scale. 

22228. (Colonel Harding.) It was suggested yesterday 
by a witness that washing was not only not prohibitive in 
cost but that it was actually desirable for new material, 
that there was a positive advantage in washing of new 
material, with the idea of getting out of it broken down 
portions of the material, and selecting by that means the 
better sort to be keptin the bed. Then it was pointed out 
to us by a witness, who had carried it out on a fairly large 
scale, that after washing material when the bed has 
become to a certain extent choked you wash away the 
broken down portions of the material, that what is left 
is far better than the original material. I think that 
your view is that it is practicable to wash materials ?— 
Oh, yes. 
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22299, And that you would get a sufficient quantity 
of material after the washing to fill the greater part of 
the bed ?—Certainly. 


22230. You would not require at most more than, shall 
we say, a quarter of new material ?—I should not like 
to give any figures. 

22231. Well, you have tried some experiments, can you 
not express an opinion ?—Yes, but the material I washed 
had been well graded and well sifted before it had been 
used, and it had been used in a contact bed before I 
washed it. 


22932. You had no opportunity at Leeds of trying 
any extensive experiments in the washing of filtering 
material ?—No. 


22233. Turning back for a moment to the point raised 
by Sir William Ramsay as to the presence of iron in Leeds 
sewage, and the fact that it makes the Leeds condition 
somewhat special, could you tell us to what extent 
iron comes down in the Leeds sewage. Could you give 
us a figure for instance expressed in metallic iron as to 
the amount of ferrous sulphate that comes down ?—Jn 
broad figures we should get about 4 tons of metallic 
iron a day coming down with the sewage ; that is, roughly 
speaking, about 4 grains per gallon. 


22234. That, of course, is a very considerable quantity 7 
—Yes. 

22235. And must to some extent modify the results 
obtained at Leeds in comparing them with the results 
obtained where iron does not exist in the sewage ?— 
Oh, without doubt. 


22236. On the other hand there are many towns, as in 
Leeds, where a good deal of such matters come down in 
the sewers; one might instance Birmingham, Sheffield, 
and many others ?—Yes, that is so. 


22237. Now, with regard to the presence of iron, which 
would appear to be the most convenient form of filtra- 
tion, contact filtration or percolating filtration ?—Per- 
colating. 


22238. And probably because you have found that in 
the contact filtration the iron deposit has acted as a 
cement ?—That is so with regard to contact filtration. 


22239. Cementing together parts of the material so as 
to make in effect one block ?—Yes. 


22240. On the other hand in percolating filters the 
iron which comes out of solution into suspension takes 
a granular form and comes out in the filtrate ?—That 
1S SO. 


22241. Is that due,do you think, to the better oxida- 
tion arising in the percolating filter which changes the 
iron from the ferrous into the ferric state ?—There is no 
doubt that iron is better oxidised in its passage through 
a percolating filter. 


22242. Is ferric sulphate less soluble than ferrous ?— 
(Sir William Ramsay.) It is the other way round, 
(Col Harding.) But in fact the iron coming out in the 
percolating filter is in the ferric state ?—Yes, but in a 
basic-ferric state ; it is insoluble altogether. 


22243. Insoluble ?—Yes, in the percolating filter 
effluent, which is giving satisfactory results, there is never 
more than a trace of iron in solution. Immediately the 
bed begins to fall off then iron begins to appear in solution. 


22244. Then at Question 21962 * you alluded to the fact 
that the effluent from contact beds at Leeds were apt 
to be strongly yellow and often very unsightly, giving 
rise to flocculent subsequent decomposition. Had these 
observations applied rather to the time when you were 
using your contact beds for more or less crude sewage 7— 
Oh, that is so. 


22245. When you were using on the contact beds septic 
effluents that would not arise ?—I have never had it yet. 


_ 22246. And in fact the effluents from contact beds 
when you were using septic effluents were extremely 
good ?—Quite as good as I have obtained from any 
method of filtration. 


22247. There was no yellow colour and no subsequent 
decomposition and flocculent matter ?—None at all. 


22248. You found that paSsing sewage through a 


septic tank caused a very great improvement in that 
respect ?—Yes. 


MINUTES OF 


EVIDENCE : 


22249. Passing on to the question of storm waters and. 
your answer to Question 21970 you give there certaim 
analyses; in the first instance, four periods of storm, 
each of which had lasted about 20 hours. Are those 
averages spread over the whole duration of the storm, 
or are they simply averages of one analyses taken in 
regard to each ?7—Oh, no, they are averages for each 
storm. 


22250. What I wanted to get at was this, are the aver- 
ages from analyses taken, say, at the beginning and at 
the end of the storms ?—In fact during the storms, 
ard were taken away every half hour. 

22251. These are really over the whole duration of the 
storms ?—Yes. 

22252. Taking these over the whole duration, you 
observe that on the average the storm waters practically 
contained the same amount of suspended matter as or- 
dinary sewage ?—That is on the average. 

22253. That is taking it on the average; taking simply 
at the beginning, the middle and end of the storm ?— 
Yes. ; 


22254. You do not suggest that the amount of sus- 
pended matter at the beginning of a storm would not be: 
much greater ?—I think the tendency of these analyses. 
go to show that. 


22255. The beginning of a storm, the very beginning 
of it, does bring down a great deal of suspended matter ? 
—Yes. 

22256. And the analyses which you have given, which 
immediately follow your answer to Question 21970, go to 
show that when you have withdrawn the suspended 
matter from storm waters you have to deal with the 
liquid which is greatly less impure than ordinary sewage 
which has been precipitated ?—Yes. 


22257. Roughly speaking about half the strength? 
—Yes. 

22258. The settlement of the suspended matter in 
storm waters is the essential treatment to be followed ; 
is it not in your opinion ?—To remove the suspended 
matter, yes. 


22259. Then, when that has been done, ifitis necessary 
to carry the purification further, is it more conveniently 
done on contact or on percolating beds ?—On percolating 
beds. 


22260. Why ?—On contact you are limited to the 
number of fillings you can give per day. Percolating is 
simply a case of increasing the flow on to the filter. 


22261. Then, on contact beds, if you increase the 
fillings too far there would be no adequate period of rest 
and of aeration ?—No. 


22262. If you exaggerate the treatment: on contact 
beds to the point of streaming storm water through them, 
there is practically no biological action at all ?—There 
would not be after the process had been continued for 
some time. 


22263. What you mean is that during the period of 
rest the bed will have accumulated nitrates and so on, 
but those will soon get washed out ?—Yes. 


22264. And after that there will be probably no oxida- 
tion ?—That is so. 


22265. The experiments that you tried at Leeds with 
streaming filters as a single process for the treatment 
of storm waters did not appear to have given very good 
results ?—They are not nearly so good as the treatment 
of precipitated storm waters on the continuous filter. 


22°65. Even with regard to the withdrawal of sus- 
pended matter ?—That is go. 


22267. Of course, on the other hand there is this to 
be said that the sedimentation of storm waters involves 
the production of a great deal of sludge which is always 
a trial and a trouble, is it not ?— Yes. 


22268. I want to ask you a question which you may 
not be able to answer because possibly you may not have 
given attention to it, but it would be interesting to us to 
know if you are able to tell us in regard to Leeds what 
would be the proportion of storm waters in a year and 
the dry weather flowin a year. For instance if-you take 
this to be 100 what figure would you have to add to 
that to represent the storm waters in a year ?—I could 
not tell. 
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22269. I am under the impression that about 50 per 
cent. ; but of-course,if you have not at hand the tables do 
not attempt to answer ?—No; I have here a table show- 
ing the average number of days on which various amounts 
of rain fell. 


22270. That is the only way at which you can get at 
the information I want ?—Extending over a period of 
four years. 


22271. Do those tables enable you to answer my ques- 
tion ?—I do not think so. The average number of fine 
days, 199; number of days that rain fell to only 1-1., 
85; the number of days under 2 inches. 


22272. I am afraid your giving us those figures will 
not help us ?—No, I am afraid not. 


22273. Because it is necessary to digest them and cal]- 
culate out the conclusion. At Question 21974 you give 
us a very interesting result of experiments in stag- 
nant settlement of sewage, and it would appear that 
stagnant or quiescent settlement of sewage is remark- 
ably effective as compared with flowing settlement, 
and in the first half hour, not to say in the first 
quarter hour, the bulk of the suspended matter 
is thrown down ?—That is so. 

22274. It would seem to be possible by quiescent 
settlement of sewage and a comparatively small area of 
tanks to reduce the suspended matter down to 8 or 9 
parts per 100,000 ?—Yes. 

22275. And the reason why quiescent settlement iz 
not universally adopted is probably the fact that there 
is a loss of head equivalent to the depth of the tanks, 
and that in most cases that would involve pumping up 
again ?—That is so. 

22276. But where the levels permit you think highly 
of the quiescent settlement ?—It certainly gives a very 
good result and should be borne in mind. 


22277. In the case of quiescent settlement, of course 
the idea would be to empty the sludge out every 24 or 
48 hours ?—To clear out the sludge, yes 


22278. You have not tried any experiments at all in 
this direction to septicise, not the sewage, but the sludge ? 
—Not with success. 


22279. As a fact you have not tried an experiment 
at all ?—-No, I tried to get septic conditions in the sludge 
and I could not; I gave it up. 


22280. Tell us about that. It would be rather 
interesting, how did you try ?—I took an ordinary settle- 
ment tank, filled it full of water and ran in sludge produced 
from a small quiescent settlement tank, and I inoculated 
the tank with septic sludge out of our ordinary septic 
tank. I never got septic conditions occurring. 


22281. In what period of time ?—Two months. 


22282. But did you not, once, in some earlier evidence 
that you brought before us, tell us a case in which you 
had had a settlement tank entirely filled up with deposit, 
and you were unable at the time to empty it, and you let 
it alone for a month or more and the septic conditions 
developed rapidly, and the matter which at first stood 
up in islands on the surface of the water gradually settled 
down and became more or less liquid and septic 7?—That 
undoubtedly did occur, but in that case I induced septic 
action by running continuously through it a small flow 
from a septic tank. 


22283. A very small flow indeed, was it not ?—A very 
small flow. 


22284. On this point of treating sludge septically, 
would you not empty successive tanks for a flow going 
through, and when the septic action had been once set 
up would it not continue ?7—I would hardly like to say. 


22285. You have not the necessary information to 
answer ?—-No. 


22286. But you think probably it is a point that might 
be worth investigation ?—-It is certainly a point worth 
attention. 


22287. In Question 21994 you referred to the effect of 
atmospheric temperature upon septic action and you 
give us details of a small experiment in which you gauged 
the gases given oft from a septic tank from a certain 
* area ?—Yes. 
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22288. And in summer you found that the gases given 
off are represented by the figure 37; in winter by ihe 
figure 13 ?—13. 


22289. That is a striking difterence in the production 
of gas ?—Yes. 


22290. Could it be in any way accidental, think you ? 
—No, I do not think so. 


22291. You think it was due to the difference 
in temperature ?—There certainly is a large difference 
m the amount of gas given off fror a septic tank in 
summer and winter. 


22292. On the other hand, you did not find, did you, in 
your experiments, that where you heated septic sewage 
you brought about greater septic action ?—Oh, in that 
case I heated the sewage going into a series of separate 
tanks, and got very little difference between the results 
in any case. 

22293. You had a number of septic tanks, one of which 
was at the normal temperature ?—Yes. 


22294. And others at increasing temperatures due 
to the injection of steam ?—Yes. 


22295. And the last one was at the temperature of 
100° F. ?—Yes. 

22296. And in that case you did not find more diges- 
tion of suspended matter ?—No, certainly not; I think 
it was rather less than the normal tank. 

22297. It seems a result which is a little out of harmony 
with the other one about the summer heat producing more 
septic action than in winter ?—It may be due to the in- 
jection of steam; the injection of steam into the 
sewage, going into the tank, may have had a sterilizing 
effect upon the sewage. 


22298. But from your observations with this experi- 
mental tank and with the large area of septic tanks you 
had at Leeds, you have very little doubt that in summer 
the septic action is greater than in winter ?—Taking the 
gas as the factor, yes. 


22299. A special feature of your experiments with 
percolating beds at Leeds appears to have been the aban- 
donment of fine material and the subsequent successful use 
of coarse material ?—Yes. 

22300. Something was said to you in cross-examination 
just now about the choking up of percolating filters ; that 
choking up you only found when the material was too 
small ?—Was disintegrated. 

22301. Or where by disintegration it had become too 
small ?—That is so. 

22302. Given a material which will not readily break 
down and which is sufficiently coarse, a percolating filter 
may go on almost indefinitely, and itis only limited, is it 
not, by the degradation of the material ?—So far that 
has been my experience. 

22303. In the case of a percolating filter as compared 
with a contact filter, no doubt the question of degradation 
applies in both sorts of filtration, only in the case of con- 
tact filtration you have the additional difficulty of the 
accumulation of undigested matter ?—Yes. 

22304. Whereas in a coarse percolating filter, may I 
take it that the undigested matter does not in any way 
tend to accumulate; it passes through the filter ?— 
Not if there is disintegration occurring. 

22305. No; but I am assuming that you are getting a 
material which is fairly free from disintegration; it is 
merely a question of theory at present ?—In that case 
there ought to be very little accumulation, at least per- 
manent accumulation. 

22366. You remind me of a point of some importance to 


bring out and that is this ; in flowing at the dry weather’ 


rate through a percolating filter there is a pretty 
steady accumulation of suspended matter in the filter ? 
—Yes. 

22307. But it does not remain there permanently ?— 
No. 

22308. It comes out does it not ?—We get an increase 
in the amount of suspended matter in the effluent about 
twice a year. 

22309. Tell us about these occasional flushes and what 
you attribute them to ?—TI think I answered that, 
I have given that in answer to one of the questions given 
here. 
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22310. Perhaps you will just briefly repeat it, will you ? 
I think you said it was due to the developemnt of certain 
forms of life at certain periods. What I wanted you to 
do was to precise a little more what those forms of life 
were ?—In reply to Question 22037 the answer is given 
there. 

22311. I want you more particularly if you are able, to 
tell us what the special forms of life were ?—Worms 
chiefly and a larger larva. 

22312. Such as ?—Well, we get the larva of certain 
beetles in the effluent and psycoda. 


22313. Immense numbers of them ?—Yes. 


22314. And you find the action of these forms of life 
is to disturb the matter deposited on the surface of the 
material, and having so disturbed it to bring it out by the 
flow ?—The only reason why I say that is that the flushes 
occur at a period when you would expect them, if this 
idea is correct. 

22315. Then matter left behind by the normal flow of a 
percolating filter, provided the filter is built of sufficiently 
coarse material ultimately comes out either by the 
occasional flushes such as you have referred to, or by in- 
creased flow at storm times ?—That is so. 


22316. And therefore the main difficulty in regard to 
the material of percolating beds is the getting of a material 
which will not rapidly disintegrate ?—That is the great 
difficulty. 

22317. I think you found that the storm destructor 
clinker at Leeds was extremely friable ; some parts of it ? 
—Oh yes; a bed built of very coarse material only lasted 
two years. 

22318. The great thing therefore is to find a material 
which shall be, as far as possible, permanent ?—Yes. 


22319. I understood that you were going to try at Leeds 
some experiments with spherical material of hard burnt 
clay ?—I have some on the works now but not sufficient 
to start an experiment. 


22320. You are expecting to start an experiment soon ? 
—As soon as I get the material. 


22321. You will probably expect with hard burnt clay 
there would be comparatively little degradation ?—Yes, 
I expect to have the same result that we get with a bed 
made of gravel. 


22322. You get considerable permanence of material ? 
—Yes. 


22323. And that is a vital point ?—It is the great 
point. 

22324. Another interest which attaches to the ex- 
periment that you are about to try is that the material 
is spherical ?—That is so. 


22325. It is in balls ?—That is so. 
22326. About what size ?—Two inches. 


22327. And what is the advantage that you see in the 
use of spherical material in regard to the air spaces ?— 
I foresee that we shall have an amount of internal 
surface in the filter, larger than if we used an irregular 
surface. like broken clinker; and air spaces. 


22328. And the air space ; if the form of each piece of 
the material is the same the air spaces will also be alike ? 
—Yes. 


22329. And all equally large ?—Yes. 


22330. In reply to Question 22038 you give some 
interesting tables—the result of treating precipitated 
storm waters upon percolating filters of different 
depth, but when you put partially settled storm waters 
or unsettled storm waters upon the percolation beds the 
results were more or less unsatisfactory, because the sus- 
pended matter coming out had not remained long enough 
in the filter, had it ?—That is so. The matter washed 
out from a filter treating screened storm water and was 
putrescent in character. 


22331. Dr. Stafford asked you something about the 
washing out of nitrates from percolating filters at times 
of storm: if much suspended matter is brought to the 
filter in times of storm there would be almost a complete 
disappearance of nitrates very soon, would there not ?— 
I have never found them disappear in storm -water 
effluent. 


OF EVIDENCE : 


22332. Not entirely, but they have been greatly re- 
duced ?—Greatly reduced. 


22333. And much more reduced where you have sus- 
pended matter. ?—Yes. 


22334. There is an interesting feature in these tables 
which I would like to call attention to, and that 
is this: For instance, if Table IV (c) is looked at, 
it will be seen that the filtrate from the precipitation 
bed, including, I take it, the suspended matter coming 
out with it, only takes up 13 per cent. of the dissolved 
oxygen ?—Yes, that is so. 


22335. That would be, of course, after 24 hours and 
after saturation ?—Stand 24 hours in a laboratory. 


22336. And that is a very small proportion ?—Yes 
it is a very low figure for an average. 


22337. With a 6-feet bed, working at 100 gallons per 
square yard, I see the result only took up 10 per cent. of 
dissolved oxygen?—I have had particular filtrates 
that have taken up none. 


22338. Then one of the features of the percolating 
bed filtration at Leeds was the great amount of dissolved 
oxygen contained in the filtrate itself without adding 
any ?—In a continuous filter effluent ? 


22339. Yes.—Yes ; they are usually saturated. 


22340. Almost saturated ?—Yes, contact bed effluents 
are rather under saturation point. 


22341. That is a distinct advantage ?—That is a general 
rule. 


22342. In Question 22027 you refer to the effects 
of intermittence of flow wunon percolating filters. 
You are asked whether the feed of a percolating 
filter should be intermittent or continuous, and you 
suggest that it should, if possible, be continuous, as 
any intermittency tends to produce a filtrate fluctuating 
in quality. The expression of that opinion must be 
based, is itnot, upon the particular kind of sprinklers 
you have been using at Leeds ?—Certainly; I do not 
speak with regard to any other sprinklers. 


22343. You have been using sprinklers which work 
intermittently, and I think you said to Sir William Ram- 
say, or someone, that when they started and stopped 
there was irregularity of distribution ?—Yes. ~ 


22344. But if you had upon very large rectangular 
filters, a distribution, a continuous flow, which passed 
along the surface of the filter from end to end, and then 
returned, you would get intermittency without irregula- 
rity, would you not. If you have no experience, do not 
attempt to reply ?—I could not say. 


22345. You do not mean, do you, that intermittence 
per se is a bad thing ?—No. 


22346. On the contrary, perhaps, have you not found 
certain advantages in intermittence ?—Yes ; the objection 
is that the arm is delivering sewage at a fixed place until 
it gains momentum to move round. 


22347. It is simply the fact of your own sprinklers 
having been more or less unsatisfactory ?—That is so. 


22348. That leads you to say that it is desirable, as far 
as possible, to have a continuous flow ?—Yes. 


22349. But assuming the continuous flow would not 
be open to the disadvantage you refer to, the intermit- 
tence has a certain advantage, has it not ?—Yes. 


22350. In regard to the growths ?—Yes, we find with 
the intermittence they are not so thick. 


22351. You find that, by intermitting the flow a few 
minutes each time, the growth on the surface is reduced ? 
—Yes. 


22352. On the other hand, the intermittence with very 
coarse percolating filters is a very great disadvantage ?— 
Yes, you get intermittency in the effluent then. 


22353. In a percolating filter where you have inter- 
mittence on the surface, intermittence of flow, possibly 
working for one minute and then standing for three min- 
utes; does that appear much in the outflow at the 
bottom, or is there a gradual equalisation of the 
outflow at the bottom ?—With coarse material you can 
see a fluctuation in the amount coming out. 
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22354. But it is not a very great fluctuation even with 
coarse material?—No. If you have fine material of 
course you see no difference in the rate of flow from the 
bed. 

22355. What is the speed of passage through a coarse 
percolating filter 9 feet deep ?—If dye such as fluorescein 
is put in the sewage going on to the filter, it will appear in 
the filtrate within two minutes if the bed is made of 
coarse material. 

22356. That is, discolouration appears ?—Yes. 


292357. So that the action of percolating filters on dis- 
solved impurities is marvellously rapid ?—Yes. 

22358. On the other hand the action upon suspended 
matters going through the filters is very much more 
slow, is it not ?—I should judge it would take the solids 
about a month to pass through an ordinary coarse filter. 

22359. That is the reason why probably you think 
storm waters ought not to be left really on filters of that 
kind, if they bring to the filter much suspended matter, 
because they wash it throvgh much too fast ?—They 
wash it through much too fast, but if there is an efficient 
straining filter after such a filter, I do not see that there is 
any disadvantage. 

22360. Provided you have a subsequent process ?—Yes. 


22361. Then briefly, in regard to both kinds of filtra- 
tion, it appears very important, provided there is a local 
opportunity of dealing with the sludge, to settle solids 
out as much as possible ?—For reasons of purification. 


22362. In either case ?—Yes. 


22363. And for other reasons surely; the life of the 
contact beds for instance ?—Even with contact beds 
treating a very small amount of suspended matter 
iown to 8 grains per gallon, 1 have still had a remark- 
able rate of clogging occurring. 


22364. Yes, but I think you have told us also that 
much of that was due to disintegration and consolidation ? 
—Yes, consolidation, but I have had it occur also in the 
case of the small Cameron plant. 


22365. But the quantity of suspended matter going on 
in those cases is considerable ?—It is about thirteen on 
the average. 


22366. But supposing you put clarified effluent on 
contact béda, is the life of the bed likely to be consider- 
able ?—Yes, much more than solid matter. 


22367. In regard to contact beds, the question is this, 
sooner of later you are bound to reach a condition 
when you will have to wash or renew the material ?— 
Yes. 


22368. But if you put on the contact beds effluents 
which do not contain much suspended matter, they may 
last for many years ?—I see no reason why they should 
not. 
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22369. Putting crude sewage on beds you find a primary 
bed absolutely choked in two years ?—Yes. 


22370. You have formed the opinion that the cost of 
renewing the material, or washing the material, would not 
be a prohibitive one, have you ?—{could not answer that ; 
it depends on the financial state of the town. 


22371. It is a question of engineering whether it is 
cheaper to have a large tank area and to spend money 
on chemical precipitants, to press sludge and deal with 
a large quantity of sludge, or whether it is cheaper to 
deal with a large part of the suspended matter on the 
filter, and wash out or renew the material more often ?— 
I think it is a question as to whether the corporation or 
municipality will rather face a large annual cost or a great 
capital cost. 


22372. It is a question largely of finance ?—Yes. 


22373. (Sir William Ramsay.) I want to refer to your 
answer to Question 22024 where you speak of the depths of 
the filter. We have heard about that already ; I want to 
ask, would it come to the sae thing if you had a shallower 
filter at a slower rate? This is important as a question 
of levels; in many works it would be impossible to 
make a 9 feet or 10 fect filter. Would it be possible to 
have a 5 feet filter, making the sewage pass over at half 
the rate ?—Yes, I think the rate of flow on to a filter 
does make some difference. In my answers to certain 
questions you wili find that. 


22374. But not to that particular one, I think ?—In 
22038, Tables IV. (a) and (c) show the results obtained 
from the same filter, six feet deep, and treating sewage 
at the rate of 100 gallons per square yard. Recently it 
has been treating 200 gallons per square yard ; there is a 
slight difference ia the result obtained. 


22375. Would it compensate for want of depth—you 
see the importance of it from the point of view of pump- 
ing ?—-Yes. 

22376. Is it possible to overcome this difficulty where 
pumping is not admissible, in asmall sewage work for 
example, by increasing the area of the filter.and lessening 
the rate ?—With regard to liquid containing a small 
amount of suspended matter, I think that would answer, 
but I should not like to give any opinion with regard to 
a filter treating crude sewage. 1 do not think there 
that you could get a good effluent with much under 7 
or 8 feet even with a very reduced flow. 

22377. (Colonel Harding.) But if in a certain situation 
it were not possible to get percolating filters beyond a 
given depth, the circumstances might be made to fit that 
depth by reducing the suspended matter going on to the 
filters ?—Certainly. 

22378. That would be the best way of meeting it; in- 
stead of reducing the flow you would reduce the suspended 
matter ?—That is so. 

22379—80. Then a tilter of reduced depth wouid 
give adequate results ?—Yes. 
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LEEDS. 


Appendia to Evidence of Mr. W. H. Harrison, 





Tables showing average analyses of sewage, tank liquor, and filter effluents at 


Leeds, January, 1903—December, 1904. 


PROCESSES OF TREATMENT: 
(a) Chemical Precipitation. 
(b) Open Septic Tanks and Double Contact Beds. 
(c) Exeter Septic Tank and Single Contact Beds. 


(d) Continuous Filtration, viz. :— 
Leeds Filter. 
Whittaker Filter. 


Ducat Filter. 
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January, 1503. 
LEEDS. 
SzwagE— Average Analysis of Sewage. 
a a | 
beam | Best. Worst: Average. 
Ammoniacal nitrogen = - : - . - : 1-93 : 3°53 2°53 
Albuminoid nitrogen - - - - - - - 617 1:18 840 
Oxygen absorbed from KMnO, in 4 hours” - - - 7:79 8°24 9-79 
opp) = = 47.7 
Soluble solids - . - - - - - - — 101°3 
Number of samples analysed for the average = 4; 
PRECIPITATION PROcESS— 
Amount of sewage treated during the month - . - - - : - 400% million gallons. 
Amount of lime used during the month - - - - - - - - 68 tons 9 cwts. 
Amount of sludge dealt with during the month - - - - - - 8,152 tons. 
Amount of sludge removed from the works - : - - ° - - 275 tons. 
Average Analysis of Tank Liquor. 
——— | ' Best. | Worst: | Average. 
Remains th ee | 1-56 1:90 1-80 
Albuminoid nitrogen > |) a Se -345 “444 367 
Oxygen absorbed from KMnO, in 4 hours” - - - 3°72 6°67 4°48 
Suspended solids’ - - - - - - - - — - 19°0 
Soluble solids - - - > - - - - - — — 112°1 | 
Number of samples analysed for the average = 4. 
Opmn Suptic Tanks aND DovusLe Contact PRrocress— 
Average daily flow through the tanks - - > - - - - - 24 hour flow; 
Amount of septic sludge removed during the month - - - - - 2,346 tons. 
Amount of sewage treated by the septic tanks - . . : ° - 67,410,000 gallons. 


Average Analysis of Tank Liquor. 
a 








——=- Best. Worst. Average. 
Ammoniacal nitrogen - - : - - - - *857 1-09 953 
Albuminoid nitrogn = - == | -188 :410 264 
Oxygen absorbed from KMnQ, in 4 hours : sry 1:90 3-74 3:12 
Suspended solids - ~ - Sy ar Poet . Sa te ~ _— 10°5 
Soluble solids - - ee - - - . - — — 89°5 

















Number of samples analysed for the average = 4. 


Number of times primary bed was filled during month - - - - ~ 33. 
Number of times secondary bed was filledduringmonth -—- - - - 33. 
Amount of tank liquor treated per cube yard per 24 hours - - - - 30°76 gallons. 
- - 2,111,000 gallons, 


Amount of tank liquor treated during the month - she Se - 
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APPENDIX ; 


Average Analysis of Final Effluent. 





—— Best. Worst. Average: 

Ammoniacal nitrogen” - . - : - - 264 260 :260 
Albuminoid nitrogen : - = 4 : Z 041 -076 054 
Nitric nitrogen - - - : - 1:90 2°45 2:40 
Oxygen absorbed from KMnO, in 4 hours” - “202 531 395 
Dissolved oxygen taken up in 24 hours - - - - — | 33% 16% 

{ Before - - - - 10 | -32 “185 
Incubator test 

liter - 29 VaM i. aoe eee a 2 cme 20 ‘171 
Suspended solids’ - - . - - - - — — heavy trace. 











Number of samples analysed for the average = 3. 


EXxEtTerR Sepric Tank PRocess— 


Average daily flow through the tanks 


Amount of sludge removed during the month - 
Amount of sewage treated by the process - 


Average analysis of tank liquor— _ 


24 hours’ flow. 


nil. 


583,609 gallons. 











Ammoniacal nitrogen - - - 1:20 
Albuminoid nitrogen - *350 
Oxygen absorbed from KMn0, i in4 hours - - - . - 2°85 
Suspended solids” - - : - 141 
Soluble solids - - - - - - - 88:5 
Number of samples analysed for the average = 1. 
Number of times beds were filled during the month - - - - - - 193 
Amount of tank liquor treated per cube yard per 24 hours” - - - - 45 gallons, 
Average analysis of final effluent— 
Ammoniacal nitrogen’ - - - - : - = - - 419 
Albuminoid nitrogen - - - - - - - - - 128 
Nitric nitrogen - : ‘ Z : - 147 
Oxygen absorbed from KMn Osi in 4 odes - - - - - - “88 
Dissolved oxygen taken up in 24 hours” - - - - - : 83% 
{Before - - - - - - - - - “21 
Incubator test \ nee ; : f ’ j : ; 10 
Suspended solids — - - a . 2 2 . 2 : -. RE 
Number of samples analysed for the average = 1. 
Continuous PRocESSES— 
—_—— Leeds Whittaker Ducat 
Filter. _ Filter. Filter. 
Amount treated per cube yard per 24 hours 39 Gallons. 49 Gallons. 46 Gallons. 
Sand Sand 
Crude. Filtered. Crude. Filtered. Crude. Settled: 
Ammoniacal nitrogen - - - - 431 502 -429 *535 -448 442 
Albuminoid nitrogen - - -~ - -264 “131 -101 -091 +128 -130 
Nitric nitrogen - - - - - 08 564 1:47 “800 oo 1-51 
Oxygen absorbed from KMnO, in 4 hours 2-77 “927 1-28 +69 1:42 “542 
Dissolved oxygen taken up in 24 hours - 5497, 55%, 15%, 29%, 58% = 
.( Before - - - - *90 "26 36 22 — *40 
Incubator test 
After - - - - 1-14 “21 00 “21 — 740 
Suspended solids - - - - - 19-7 3-7 8:9 hy. tr. 51 hy. tr: 
Number of samples analysed for the average 1 4 1 4 1 1 
“e ; 























June 18th, 1903. 


W. H. Harrison. 


SEWAGE — 


ROYAL COMMISSION ON SEWAGE DISPOSAL, 


LrEps—continued. 


Average Analysis of Sewage. 





Ammoniacal nitrogen - 


Albuminoid nitrogen - 


Oxygen absorbed from KMnO, in 4 hours - : ae : 


Suspended solids - 


Soluble solids oe = e = eS - Z z 
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February, 1903. 








Best: 


1°63 








Average. 


1:56 
62) 


10°C 





Number of samples analysed for the average = 4. | 


PRECIPITATION ProcEss— 


Amount of sewage treated during the month — - : 


Amount of lime used during the month - - - 


Amount of sludge 


Amount of sludge 


dealt with during the month = - - 


removed from the works -. - : 


- ~- 


Average Analysis of Tank Liquor, 


375,000,000 gallons. 


58 tons 11 ewts. 


8,555 tons. 


222 tons, 












































——— | Best. Worst: Average, 
Ammoniacal nitrogen . - - - - 1°54 1°69 1°65 
Albuminoid nitrogen - - - - : - - 260 383 ‘367 
Oxygen absorbed from KMn0O, in 4 hours 4°60 9-00 5-32 
Suspended solids es : Z : z ‘ : s ye! eet 16-7 
Soluble solids - - - - - - - -—~ - 119-2 
Number of samples analysed for the average = 4. 
Open Szpric Tank AnD DovuBLe Contract Procuss— 
Average daily flow through the tanks - - - - ee - 24 hours’ flow. 
Amount of septic sludge removed during the month = - - - - nil. 
Amount of sewage treated by the septic tanks - : - - - - 66,770,000 gallons. 
Average Analysis of Tank Liquor. 
ea Best. Worst. | Average; 
| | 
Ammoniacal nitrogen - - : - - - | "852 1-18 | 1°04 
Albuminoid nitrogen - - - 2 - 2 - - | ‘460 617 i 563 
Oxygen absorbed from KMnO, in 4 hours- = = > | 6:97 9°62 727 
-- Suspended solids s 7 é : 3 : 2 | Bs ve 17-8 
Soluble solids” - - - - | 2S aS 104°] 
“ Number of samples analysed for the average = 3. a 
Number of times primary bed was filled during month ih - - 33, 
Number of times secondary bed was filled during month - - 33. 
Amount of tank liquor treated per cube yard per 24 hours - . : - 34°04 gallons. 
Amount of tank liquor treated during the month - : . z . - 2,111,000 gallons. 
6225—Ap. es 21 
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Average Analysis of Final Effluent. 








——— | Best. | Worst. | Average. 

Ammoniacal nitrogen - : - - - - - 200 | 339 233 
Albuminoid nitrogen - - - - - - = 041 094 078 
Nitric nitrogen - - - - - - - - 2°00 3°07 2°42 
Oxygen absorbed from KMnQ, in 4 hours - - ” '300 728 700 
Dissolved oxygen taken up in 24 hours - - - - 20% 30% 22% 

if Before - - - - - - 07 22 14 
Incubator test 

( After -  _- - - - - - 12 242 :20 
Suspended solids - - Ae - - é rane = 











Number of samples analysed for the average = 3. 


Exeter Septic Tank PRrocess— 
Average daily flow through the tanks . - - 
. Amount of sludge removed during the month ~~ - - 
Amount of sewage treated by the process’ - - - 
Average analysis of tank liquor— 


heavy trace: 


- 24 hours’ flows 


«nil: 


- 516,132 gallonsy 


Ammoniacal nitrogen - 
Albuminoid nitrogen - - : : 
Oxygen absorbed from KMn0, in 4 hours” - 
Suspended solids” - - - 2 : 
Seluble solids - - : : = 7 


Number of samples 


Number of times beds were filled during the month - 
Amount of tank liquor treated per cube yard per 24 hours 
Average analysis of final effluent— 


analysed for the average = 


- 110i a 
. 494 

- 4°88 

- 128 

- 832 

- 177 


- 44 gallon* 












































Ammoniacal nitrogen - - - - - - - : : 537 
Albuminoid nitrogen - - - - - - - - - 247 " 
Nitric nitrogen - - : - - - - +i cae 
Oxygen absorbed from KMn0, in 4 hours” - - - - = this 
Dissolved oxygen taken up in See - - 2 - - 66%' 
J Betorey *- - - - - - - “40 
Incubator test | After 7 J ; ; : : ; d 37 
Suspended solids - : : z 2 5 é x ‘ 141 
Number of samples analysed for the average = 1: 
Continuous PRocEss— 
Leeds Whittaker Ducat 
——— Filter. Filter. Filter. 
Amount treated per cube yard per 24 hours 40 gallons. 49 gallons. 47 gallons. 
Sand Sand 
Crude: Filtered: Crude. Filtered. Crude. Settled. 
Ammoniacal nitrogen” - - - - 515 °477 588 406 ‘561 494 
Albuminoid nitrogen - - - - 339 172 £182 ‘115 ‘161 131 
Nitric nitrogen - - . : hy. tr. “52 “54 106 , 1°81 1°81 
Oxygen absorbed from KMn0O, in 4 hours 4°72 2°02 2°31 647 963 “444 
Dissolved oxygen taken up in 24 hours” - 100% | 43% 75% 34% 58% -- 
| 
Before - 2 = 1:39 60 | “12 19 3°0 10 
Incubator test \ | ; 
After - - - 3°24 94° 80 27 3°8 24 
: | 
Suspended solids” - . : = : 28-7 40) | 10°-4 14 | 6°1 ss 
Number of samples analysed for the average 1 | 3 | 1 4 1 1 
ig ie cantoutaih . | ee ee a aoe | 
June [8th, 1903. Ws hie Harrison. 
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. 





Lreeps—continued: 
March. 1903. 
SEwaGE— Average Analysis of Sewage: 

a ee eee ee 

pace esr Best . Worst. ) Average. 
of | | 
Ammoniacal nitrogen” - - : . F : : 1-76 1:69 | 1°82 
Albuminoid nitrogen - - - J ‘ : - -433 1593 . 506 
Oxygen absorbed from KMn0O, in 4 hours” - - mi) 5-81 10°10 | 9:09 
Suspended solids - - - - - 7 = 2 Loe, pe, | 48-4 
Soluble solids : 2 : 3 é ‘ > r a? fant: | 94:0 














Number of samples analysed for the average = 4. 


PRECIPITATION PROCESS— 


Amount of sewage treated during the month = - 3864 million gallons. 


Amount of lime used during the month = - - - - - - - 64 tons 16 cwts. 


9,070 tons. 


Amount of sludge dealt with during the month 


Amount of sludge removed from the works - - - - - - 368 tons: 


Average Analysis of Tank Liquor. 











hi Sel | Best. | Worst. | Average. 
=e ere Ae ems eer ee 
Ammoniacal nitrogen : : = : : E 1-31 181 1:49 
Albuminoid nitrogen “ e : 4 : E -209 +345 274 
Oxygen absorbed from KMn0O, in 4 hours” - - : 2-08 ATS 3-60 
Suspended solids - - - - > - - - = ed 9:4 
Soluble solids - - - - : - = - . 2: pest | 92-5 














Number of samples analysed for the average = 4. 


Open Sepric Tanks AND DoUBLE Contact PRrocEss— . 
Average daily flow through the tanks - - : < 3 - 24 hours’ flow: 
Amount of septic sludge removed during the month - - - - nil. 
Amount of sewage treated by the septic tanks - - - - - - 63,430,000 gallons. 


Average Analysis of Tank Liquor. 























pes cter Best. | Worst. ee Average. 
pe EE Neath Pee aa 
Ammoniacal nitrogen - : = X : “ 4 L-0l 1-23 | 114 
AToaminoid nitrogen 2 2 : . : - | opi la! 549 “422 
Oxygen absorbed from KMn0O, in 4 hours” - mare oe 3-30 6-04 554 
Suspended solids - - : - - - -- wi . 20:8 
Soluble solids - : - : - -- a | 89:8 
; +7 ber of samples analysed for the average = 3. * ; 
Number of times primary bed was filled during month - 5 . 5 GT RY 
Number of times secondary bed was filled during month : z Ae 
Amount of tank liquor treated per cube yard per 24 hours - = . 36°86 galions. 
Amount of tank liquor treated during the month” - - - : - 2,668,000 gallons. 
2 L:2 


6225—Ap. L 
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APPENDIX ¢ 


Averaye Analysis of Final Efflwent. 











Ammoniacal nitrogen - - - - : 
Albuminoid nitrogen = : - : 
Nitric nitrogen - : 2 C 5 
Oxygen absorbed from KMnO, in 4 hours 
Dissolved oxygen taken up in 24 hours - 

Before : a z 
Incubator test { 

After . e 5 


Suspended solids - - - “ f 


EXETER SHpric Tank PRocEess— 


Average daily flow through the tanks 


Amount of sludge removed during the month 


Amount of sewage treated by the process 


Average 
Ammoniacal nitrogen 
Albuminoid nitrogen 


analysis of tank liquor— 


Best. | Worst. | Average. 
: 155 153 168 
: 2051 056 054 
é 2°54 1-80 211 
: :477 2645 54 
2 20% 20% - 24% 
. ‘ll £22 12 
2 3 | -20 19 
A a — 2°5 





Oxygen absorbed from KMn0O, in 4 hours 


Suspended solids - - 


Soluble solids : 


Number of samples analysed for the average = 3. 


Number of samples analysed for the average = 1. 


Number 
Amount 
Average 


MnO, in 4 hours 


of times beds were filled during the month 
of tank liquor treated per cube yard per 24 hours 
analysis of final effluent— 

Ammoniacal nitrogen - 
Albuminoid nitrogen - 
Nitric nitrogen - - 
Oxygen absorbed from K 


Dissolved oxygen taken up in 24 hours - 


Incubator test 


Suspended solids” - 


f Before 
\ After 


Number of samples analysed for the average = 1. 


ConTINUOUS PROCESSES— 





24 hours’ flow: 
none. 
440,000 gallons, 


Li 
"182 
2°41 
11:5 
83°53 


184 
34 


-294 
“094. 
1:90 
“89 
28% 
230 
SH 
4:0 



































Leeds Whittaker Ducat 
Batak | Filter. Filter. Filter. 
Amount treated per cube yard per 24 hours 37 gallons. 47 gallons. | 44 gallons. 
| | 8 f 
| Sand Sand 
Unsettled. | Filtered. ' Unsettled.| Filtered. | Unsettled.| Settled: 
| 
‘i | 
Ammoniacal nitrogen - - - - ‘301 130 266 345 398 291 
Albuminoid nitrogen - - - - 110 027 “094 :069 068 03¢ 
Nitric nitrogen 3 3 a s . 1-18 1:80 1:92 sete 2-00 == 
Oxygen absorbed from KMn0O, in 4 hours 1-6 48 *85 474 :67 | “33 
Dissolved oxygen taken up in 24 hours” - 20% 5% 24.% 15% 28% -- 
| Before  - 2 “56 +18 25 13 +20 07 
Incubator test — + 
After - F « 58 14 -28 14 +25 | “U1 
Suspended solids - : = « 2 71. tr. 9:5 2-8 1-9 tr. 
Number of samples analysed for the average 1 1 1 A, 1 he 





ReMARKS.—The analyses for the Leeds Filter were made after the bed had been resting one month and the surface 


placed. 
June 30th, 1903: 


W: H. Harrison. 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 


LEeEps—continued. 


SEwAGE— Average Analysis of Sewage. 


269 


April, 1903. 








| 
= | 


Best. 
| | 


Ammoniacal nitrogen = E ‘ . £ Li E 2-16 
Albuminoid nitrogen - s P 2 fe . 617 
Oxygen absorbed from KMnO, in 4 hours — - 2 eee 9:71 


Suspended solids” - - - - < p : : 





Soluble solids - - ; C , é s t 


Worst. 


2°21 
“741 


13°6 





Average; 





Number of samples analysed for the average = 4. 


PRECIPITATION PROCESS— 
Amount of sewage treated during the month - - m s “ 
Amount of lime used during the month ~~ - - : 2 = r 


Amount of sludge dealt with during the month - - : 3 ' 


- 482,000,000 gallons. 


- 9,526 tons. 


67 tons 10 cwts. 











Amount of sludge removed from the works - - - - - - - 95 tons. 
Average Analysis of Tank Liquor. 
--—— Best. i Worst. | Average. 
: = : 2 oda cy 
Ammoniacal nitrogen - - - - - - - 1°54 2°28 1:99 
Albuminoid nitrogen - - - - - - - 316 *345 329 
Oxygen absorbed from KMnO, in4hours_ - - - - 3°10 7°22 4°32 
ene ms | * 10-4 
-- -- 88:8 


Soluble solids” - : - E E p u : zy 














Number of samples analysed for the average = 


Open Sepric Tanks AND DovusLe Contract PRocEss— | 


Average daily flow through the tanks - - : 2 Z F 
Amount of septic sludge removed du.mg the month - - - . 


Amount of sewage treated by the septic tanks - - - - - 


Average Analysis of Tank Liquor. 





= Be! hours’ flow. 


= nil 


- 79.520,000 gallons. 























Poray rt Best. Worst. Average. 
Ammoniacal nitrogen - - - - - . - | 1-09 27 113 
Pete OT CK ee +332 -616 -499 
Oxygen absorbed from KMnO,in 4 hours - - - - 3°81 741 7:9 
Suspended solids” - - : - - : - 10°8 55 91 
Soluble solids en ae eel 2 95-1 106-4 | 98-6 
eee Ronis ee ee the average = 3. ss 
Number of times primary bed was filled durmg month - - - = 45. 
- - . - 45: 


Number of times secondary bed was filled during month 


Amount of tank liquor treatea per cube yard per 24 hours 
ad 
Amount of tank liquor treated during the month - - 


- 42-04 gallons. 


- 2,791,000 gallons. 
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APPENDIX: 


Average Analysis of Final Effluent. 





| 


























ae | Best. Worst. Average. 
: ; 
Ammoniacal nitrogen - - -— - ee 2222 - 419 1825 
Albuminoid nitrogen . - - - - : -049 -103 :072 
Nitric nitrogen - - - - 1-30 1-90 1:82 
Oxygen absorbed from KMnQ, in 4 hours - - - 477 "945 :774- 
Dissolved oxygen taken up in 24 hours - - 20% 16% 299% 
- Before - - - “16 “31 18 
Incubator test | : 
After - | 32 “35 33 
Suspended solids - - - - - - _ -- heavy trace. 
Number of samples analysed for the average = 3. 
Exeter Septic Tank PRocess— 
Average daily flow through the tanks - . - - - - 24 hours. 
Amount of sludge removed during the month - - - none. 
Amount of sewage treated by the process — - - - - 662,824 gallons 
Average analysis of tank liquor— 
Ammoniacal nitrogen - - - - 1-58 
Albuminoid nitrogen - - - . - 208 
Oxygen absorbed from KMnQ, in 4 hours - : 4-32 
Suspended solids - - - - - - - - 12-1 
Soluble solids - - - - - - - - - 84:2 
Number of samples analysed for the average = 1. 
Number of times beds were filled during the month - - - - - 232 
Amount of tank liquor treated per cube yard per 24 hours 53 gallons. 
Average analysis of final effluent— 
Ammoniacal nitrogen” - - - - -602 
Albuminoid nitrogen - - - - :128 
Nitric nitrogen - - - - - - - - :980 
Oxygen absorbed from KMnQ, in 4 hours - - - :950 
Dissolved oxygen taken up in 24 hours - - 28%; 
f Before’ - - - - - - - 32 
Incubator test = + 
| After - 2 : . a 5 2 -38 
Suspended solids = - - - - - - - - - - 80 
Number of samples analysed for the average = 1. 
Continuous PRocussEsS— 
Leeds | Whittaker Ducat 
vas Filter. | Filter. Filter. 
NES. | 
Amount treated per cube yard per 24 hours 48 gallons. 61 gallons. 58 gallons. 
Sand ; Sand | 
Unsettled. | Filtered. | Unsettled.| Filtered. | Unsettled., Settled. 
Ammoniacal nitrogen - + - - -294 316 603 | 6038 +369 2345 
Albuminoid nitrogen - - - . :098 058 161 141 078 :047 
Nitric nitrogen : - - - - :600 :770 "88 1:09 -- 1:40 
| 
Oxygen absorbed from KMnOy, in 4 hours 1:51 2712 1:51 “94 :808 °§25 
Dissolved oxygen taken up in 24 hours - 449% 16% 28% 26% 28% Be 
(Before + = = 16 19 67 “49 20 14 
Incubator test q | 
lAtter’ aay ape 20 62 50 +30 ‘AT 
Suspended solids - - : - - | 10:0 2-2 8:7 hy. tr. 2°8 - 
Number of samples analysed for the prerage 1 4 1 4 1 1 








1 
| 
' 

















July 3rd, 1903. 














> 








) 





W. H. Harrison. 
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May, 1903; 
Legps—continued. 
Average Analysis of Sewage. 
2 te Best. | Worst. | Average. 
: : eee E 

Ammoniacal nitrogen F : 2 3 x a s 1:12 2°42 1°68 
Albuminoid nitrogen - - - = “ - s 34.94. *839 538 
‘Oxygen absorbed from KMn0O, in 4 hours - - 3°06 14°52 9°52 
Suspended solids’ - - - - - - - - — _ 40:2 io 
Soluble solids - - - =. Bc. - - - — — 106°7 








PRECIPITATION PROCESS. 


Amount of sewage treated during the month - 


Amount of lime used during the month - - 


Amount of sludge dealt with during the month 


Amount of sludge removed from the works” - 


Average Analysis of Tank Liquor. 





Number of samples analysed for the average = 4: 





SO = | Best. 
Ammoniacal nitrogen - - - - - - - 1-79 
Albuminoid nitrogen - - - - - - 247 
‘Oxygen absorbed from KMnO, in 4 hours” - - - 3°80 


‘Suspended solids’ - - 


Soluble solids = = 








454,000,000 gallons. 


72 tons 7 cwts 








9,076 tons. 
277 tons: 
Worst | Average: 
2-01 1°61 
433 376 
6°15 4°67 
— | 6°4 
+3 104-0 
~ 





Number of samples analysed for the average = 4. 


OPEN Septic TANKS AND DovuBLE ConTAact PROCESS— 
Average daily flow through the tanks - 


Amount of septic sludge removed during the month 


Amount of sewage treated by the process 


Average Analysis of Tank. Liquor. 








Ammoniacal nitrogen - 


Albuminoid nitrogen. - 


Oxygen absorbed from KMn0O, in 4 hours 


Suspended solids * - 2 


Soluble solids ae 


24 hours’ flows 
nils 


71,340,000 gallons: 











Number of times primary bed was filled during month 


Number of times secondary bed was filled during month 


Best. Worst. Average. 
} gree ‘951 | 1-41 110 
ny 6 MEN en S11 ° | 445 373 
oa ee 4°75 | 6-95 | 5-95 * 
Rag cede Ts) By Parnas 148 | 18°4 | 13-1 
AE iar 91-7 92°8 | 951 
Number of samples analysed for the average = 4. 
- - - 39. 
- - - 39: 


Amount of tank liquor treated per cube yard per 24 hours - 


Amount of tank liquor treated during the month 


34°12 gallons. 


2,343,000 gallons; 
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Average Analysis of Pinal Effluent. 











eee Best | Worst. Average 
Ammoniacal nitrogen - - - - - ‘ : 083 345 "244 
Albuminoid nitrogen - - - . - - - 058 090 065 
Nitric nitrogen - - : - . - - . 1°94 3°00 2°05 
Oxygen absorbed from KMnO, in 4 hours - -~— - 040 904 591 
Dissolved oxygen taken up in 24 hours - - : 16% 50% 42% 
ay - - - - - - "22 "32 28 
Incubator test 
After - - - - - - 31 "45 “26 
Suspended solids - - - - : - - - a — heavy trace. 
Number of samples analysed for the average = 3. 
Exeter Septic Tank PRocess— 
Average daily flow through the tanks - - - - - - 24 hours. 
Amount of sludge removed during the month - - - - nil. 


Amount of sewage treated by the process - - 
Average analysis of tank liquor— 


- - 563,100 gallons. 
































Ammoniacal nitrogen - - - - . : : "950 
Albuminoid nitrogen - - - - - 302 
Oxygen absorbed from KMn0, in tty neue = = : “ 6°68 
Suspended solids - - - - - . - - - 165 
Soluble solids -\.- - . - -+ = - - - 93°7 
Number of samples analysed for the average = 1. 
Number of times beds were filled during the month —- - - . - 208 
Amount of tank liquor treated per cube yard per 24 hours - - - 44 gallons. 
‘verage analysis of final effluent— 
Ammoniacal nitrogen : - - - - - 448 © 
Albuminoid nitrogen . : : - - - - “153 
Nitric nitrogen - - - > ie 
Oxygen absorbed from KMn0, in 4 boud - = Je64 
Dissolved oxygen taken up in 24 hours - - - : - 75% 
{ Before E S E : 2 : “64 
Incubator test \ After F ; : ; : ; J € 
Suspended solids 3 : - J . 5 k . <n 
Number of samples analysed for the average = I. 
oe TINUOUS PROCESSES — 
: eS 2 | | a 
| Leeds | Whittaker | Ducat 
ree Filter. | Filter. Filter. 
mS RTS SMS PLE aie S = <i 
Amount treated per cube yard per 24 hours: | 42 gallons. 53. gallons. 50 gallons. 
| Sand Sand 
Unsettled. Filtered. | Unsettled.| Filtered. | Unsettled. Settled. 
ke a nee 
| 
Ammoniacal nitrogen = - - - - ‘Cli 4 221 ‘419 “515 433 ‘419 
| 
Albuminoid nitrogen -  - + - OLE 03% ber “104 121 078 
a ' 
Nitric nitrogen - - - - - ‘78 : 115 94. ‘99 171 — 
| : 
Oxygen absorbed from KMnQ, in 4 hours 160 | ‘585 1°82 1-10 1°19 660 
Dissolved oxygen taken*up in 24 hours... - 36% | 2A ol aU 35% 33% — 
F | 
Before oy Mee Be ‘S20 105 & ‘86 34 38 19 
Incubator test | | 
After - - - Se or 17 “42 “42 21 . 
| %. 
Suspended solids — - - OF fie - 10:2 | Server Lo 10°7 5°4 10 an 
Number of samples analysed for the average 1 ) 4 1 4 1 1 


July 7th, 199°. 


W. H. Harrison. 
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? June, 1903; 
LrEps—continued. 
SEwaGE— Average Anulysis of Sewage. 

-_ aera , Best. | Worst. | Average. 
Ammoniacal nitrogen” - : - : 2 2-33 2-24 2-15 
Albuminoid ‘nitrogen ea 2 é £ F . “445 +681 -606 
Oxygen absorbed from KMn0, in 4 hours - aes ee 15°4 12°6 14°2 
Suspended solids - - : - : . c 4 ze Hi: 56-4 
i a z i. 5% 

3 Number of samples analysed for the average = 4. eu 
PRECIPITATION PROCESS— 
Amount of sewage treated eter the month - . - - - - 470,000,000 gallons. 
Amount of lime used during the month - See) a - . - - 73 tons 3 ewt, 
Amount of sidags dealt with during the month - - - . - - 10,088 tons, 
Amount of sludge removed from the works - - - - - - - 215 tons. 
Average Analysis of Tank Liquor. 
i Best. Worst. Average. 
Ammoniacal nitrogen - - - 3 . e G 1:93 2-94 1:97 
Albuminoid nitrogen - - - - - - - 321 483 352 
Oxygen absorbed from KMnO, in4 hours - = - — - 48 8-0 oa 
Suspended solids - - - - - - - - | ~- — 10°0 
Soluble solids - - - - - - - - —_ _ 110°2 
Number of samples analysed for the average = 4. a 
Opzun Septic Tanks anp DovusiE Contact PRocEss— ~ 
Average daily flow through the tanks - - - - - - - 24 hours’ flow, 
Amount of septic sludge removed during the month - - - - . nil. 
Amount of sewage treated by the process - me - - - - 77,825,000 gallons. 
Average Analysis of Tank Liquor. 
7 
——— Best. Worst. Average. 
Ammoniacal nitrogen - - : “ : : - +866 1:15 971 
CjcantelG ol i a 395 411 388 
Oxygen absorbed from KMnO,in 4 hours - - - - 7°35 7°84 78 
Suspended solids - - - - - - - - 180 16°7 18°4 
Soluble solids - - - - - : - - - 97°8 81-1 97°4 
Number of samples analysed for the average = 3. 
Number of times primary bed was filled during month - - “| - 45 
Number of times secondary bed was filled during month - - ; J 45 
Amount of tank teres treated per cube yard per 24hours - - - - 40°6 gallons. 
Amount of tank liquor treated during the month -~  - - = - 2,700,000 gallons. 
2M 


6225— Ap. L. 


—_——__ 


APPENDIX ; 


Average Analysis of Final Effluent. 


fe lt | aia: aaa. ot 








Ammoniacal nitrogen” - - - 
Albuminoid nitrogen - - . 
Nitric nitrogen - - 2 5 


Oxygen absorbed from KMn0, in 4 hours - - 


Dissolved oxygen taken up in 24 hours 
f Before - - 

Incubator test 

| After - . 


Suspended solids” - : - = 








Best. | Worst. Average. 
220 329 “265 
029 056 048 

1-44 1°41 1°35 
68 987 844 
34% 33% ; 27% 
224 32 :27 
#25 39 "30 
— a 2°7 








Number of samples analysed for the average = 3. 


Exeter Septic Tank Process— 


Average daily flow through the tanks’ - 


Amount of sludge removed during the month 


Amount of sewage treated by the process - 


Average analysis of tank liquor— 


Ammoniacal nitrogen 
Albuminoid nitrogen 


. ° 


Oxygen absorbed from KMnOy in aes - 


Suspended solids 
Soluble solids - 


e - - 


Number of samples analysed for the average = 1, 


Number of times beds were filled. during the month - 
Amount of tank liquor treated per cube yard per 24 hours - 


Average analysis of final effluent— 


Ammoniacal nitrogen 
Albuminoid nitrogen 
Nitric nitrogen - 


Oxygen absorbed from ‘KMn0, i in m Re ° 
Dissolved oxygen taken up in 24 hours - 


Incubator test 


Suspended solids 


Before - - 
After - - 


Number of samples analysed for the average = 1; 


ContTInuous PRocESSES— 


24 hours’ flow. 


nil. 


592,000 gallons. 


1°34 
440 
5.97 
12 
69°2 


256 
47 gallons, 


494 
2108 
1°10 
1-06 





- Amount treated per cube yard per 24 hours 47 gallons, | 59°6 Gallons. 








Leeds 
Filter, 





Sand 
Unsettled. | Filtered. 
‘Ammoniacal nitrogen” - - - : 588 ‘487 
Albuminoid nitrogen - - : - 300 102 
Nitric nitrogen - - - - - 32 2314 
Oxygen absorbed from KMnO, in 4 hours - 4°32 1-22 
Dissolved oxygen taken.up in 24 hours - | 100% 28% 
( Before’ - - - 1:42 » 246 
Incubator test 
LAtter ve ih Alan 2:80 41 
Suspended solids - ~ 3H - - - 14:1 3°8 
Number of samples analysed for the average 1 3 


Whittaker 
Filter: 





Ducat 
Filter. 


| 50°6 gallons. 


| 








Sand 
Unsettled. | Filtered: | Unsettled.| Settled. 
“197 597 634 . 528 
*262 115 217 "124 
“861 597 = “64 
3-11 113° 3°24 1-60 
41% 20% 53% 50% 
98 39 1-03 59 
1-03 249 1-08 47 
16-4 4-2 67 _ 
1 4 1 1 


REMARKS.—The Ducat Bed was stopped on June 27th for a months’ rest, owing to surface clogging. 
W: H: Harrison; 


July 23rd, 1903; 
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July, 1903. 











SEWAGE— Average Analysis of Sewage. 
aaenanaee | Best. | Worst. | Average. 
Ammoniacal nitrogen > = = : , cs 1°73 2-61 1°95 
Albuminoid nitrogen - - - : = : +382 469 465 
Oxygen absorbed from KMnO;in4hours - . - - 15'°5 15°9 14:2 
Suspended solids_~ - - = . _ 2 s ‘ Bin pi 79°5 
f : . ett = 95:0 


Soluble solids - 





PRECIPITATION PROcESS— 


Number of samples for the average = 4. 


Amount of sewage treated during the month - 


Amount of lime used during the month - 


4783 million gallons. 


79 tons 19 cwts. 











Amount of sludge dealt with during the month - - - - : - 10,575 tons. 
Amount of sludge removed from the works - - - - - - 136 tons. 
Average Analysis of Tank Liquor. 
—— Best. | Worst. Average. 

Ammoniacal nitrogen - - - - - - - 1°49 1°39 1°64 
Albuminoid nitrogen - - - - - - - 185 £222 "222 
Oxygen absorbed from KMnO, in4 hours - - - - 4:07 4°40 4°41 
Suspended solids - & 2 “ : : M : ee ee 8-0 
Soluble solids - < E = a i zt “ w is 92-1 








Number of samples analysed for the average = 4. 


Oren Septic Tanks AND Dovuste Contact PrRocEess— 


Average daily flow through the tanks - 
Amount of septic sludge removed during the month 


Amount of sewage treated by the septic tank 


Average Analysis of Tank Liquor. 


- 24 hours’ flow. 


none, 


77 


774 million gallons. 











ates Best. | 
! ae ae 
Ammoniacal nitrogen - : - - - - - 914 
Albuminoid nitrogen - - - - . - - 261 
Oxygen absorbed from KMnO, in 4 hours - - - - 8°67 
Suspended solids” - - . - - - - : yi 
Soluble solids - - - - - - - - - 92°8 








Worst. Average. 
1:03 "963 
291 216 
9°40 8°32 
20°4 18°7 
98°4 92°5 





Number of times. primary bed was filled during month 


Number of times secondary bed was filled during month - m 


Amount of tank liquor 


Amount of tank liquor treated during the month 


6u25—Ap. I. 


treated per cube yard per 24 hours 


Number of samples analysed for the average = 3. 


43. 
43. 
37°64 gallons. 


2,583,000 gallons. 


i) 
“I 
oo 


ne ac erase | 
& ere a4 » 


Average Analysis of Final Effluent. 


APPENDIX : 








Ammoniacal nitrogen _- - - - : : 5 


Albuminoid nitrogen - - : - : : 


Nitric nitrogen . - - “ : Z “ 


Oxygen absorbed from KMn0O, in 4 hours” - - 


Dissolved oxygen taken up in 24 hours - - 


Incubator test 


{ Before - - - - - 


( After > ee 


Suspended solids” - - - - : : 5 


Number of samples.analysed for the average = 3. 


Exeter Sepric Tank PRocess— 


Average daily flow through the tanks 








Amount of sludge removed during the month - - 


Amount of-sewage treated by the process 


_ Average analysis of tank liquor— 


Best. | Worst. Average, 
‘601 $265 "347 
036 063 051 
1°61 1°64 165 
4 ‘TTT “157 12932 
16% 33% 26% 
277 *255 #322 
301 480 “408 
— — 20 


- 24 hours’ flow: 


- none. 


- (678,300 gallons; 























Ammoniacal nitrogen - - - : - - - - 127 
Albuminoid nitrogen - - - - - 641 
Oxygen absorbed from KMn0, in 4 hours : - - - 6°84 
Suspended solids’ - - : - - - - - - 164 
Soluble solids - - - - os - : - - 85°5 
Number of samples analysed for the average = 12 
Number of times beds were filled during the month - . - 252 
Amount of tank liquor treated per cube yard per 24 hours” - - 54 gallons, 
Average analysis of final effluent— 
Ammoniacal nitrogen - - - - - - - - 484 
Albuminoid nitrogen = : 2 é 2 3 ‘ ae 071 
3 Nitric nitrogen - - t-te - 860 
% Oxygen absorbed from KMn0, in 4 houra Bis ay - 1°70 
Dissolved oxygen taken up in 24 hours - - - - 33% 
Before’ - - - : - - - "688 
Incubator. test ‘After : : ; ; : . \ :710 
Suspended solids - - - - - - > - - - 64. 
as Number of sampled analysed for the average = 1: 
Continuous PRocESSES— 
ae? Leeds Whittaker Ducat 
Filters Filter. Filter. 
-Amount treated per cube yard per 24 hours 45. gallons | 57 gallons, oa 
Unfiltered. | Filtered. | Unfiltered.| Filtered. me 
Ammoniacal nitrogen’ - - - - 649 494 44) :449 
Albuminoid nitrogen - - - 398 128 204 091 
Nitric nitrogen - - - - - hy. tr. 294 "640 *764 
Oxygen absorbed from KMn0O, in 4 hours 5°9 1°57 3°47 2123 
Bed 
Dissolved oxygen taken up in 24 hours - 100% 56% 60% 26% 
Resting. 
Before - - - 3:0 44 1°21 50 
Incubator test \ 
After : - - 5°58 *80 1°37 "52 
Suspended solids - - - - : 22°6 50 19°4 65 
Number of samples analysed for the ayerage 1 4 = 1 4 
yf ‘ 





May 6th, 1904; 








W: z H arrisons 
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August, 1903. 



































SEwaqe— Average Analysis of Sewage. 
es | Best. | Worst. | Average. 
Ammoniacal nitrogen - - - = : $ 1:67 2°16 - 214 
Albuminoid nitrogen - : . . ; : 4 "433 988 766 
Oxygen absorbed from KMnO, in 4 hours” - - - | 10°9 15°5 132 
Suspended solids - - + - - 2+ - = | —_— - 70°2 
Bolabiemoda = - = = - = © = = | a — 99°7 
Number of samples analysed for the average = 4, 
PRECIPITATION PRocEss— “i 
Amount of sewage treated during the month - - - : - - 479 million gallons, 
Amount of lime used during the month’ - . - - : - - 75 tons 3 ewts; 
Amount of sludge dealt with during the month - . - - - .7,119 tonsa 
Amount of sludge removed from the works - - - - - - 344 tons: 
Average Analysis of Tank Liquor 
———— Best. | Worst. | Average. 
° 
Ammoniacal nitrogen = - - - - . - - 2°09 2°42 1°93 
Albuminoid nitrogen - - : - . - - “260 593 399 
Oxygen absorbed from KMnO, in 4 hours - - oul 5°17 6°71 5°22 
/ 
Suspended solids’ - : - : : s P : — om 8-4 
Soluble solids OS cea bree — 1054 
Number of samples analysed for the average = 4: 
OpEN SEepric Tanks AND DovuBLE Contact PRocEss— 
Average daily flow through the tanks - : - . - - - 24 hours’ flows 
_ Amount of septic sludge removed during the month - - . - none. 
Amount of sewage treated by the process - - : : ° - 814 million gallons 
Average Analysis of Tank Liquor. 
ee | Best. Worst. | Average, 
Ammoniacal nitrogen - - - - - - - 883 1°82 | 1:27 
Mlbupimedemitrogen 8 - = ee os yl “355 "386 "354 
Oxygen absorbed from KMnO, in 4 hours” - - - 5°75 8°14 6°90 
Suspended solids - - - - - : : : 17:1 rhs 175 
Soluble solids - = : é s 5 i co = 79°1 fia 82-4 








Number of samples analysed for the average = 3; 


Number of times primary bed was filled during month - - - - 44 
Number of times secondary bed was filled during month - - - - 44 
Amount of tank liquor treated per cube yard per 24 hours - - - - 38°4 gallons; 


Amount of tank liquor treated during the month - - - - - - 2,644,009 gallons, 
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APPENDIX ¢ 


Average Analysis of Final Effluent. 








Ammoniacal nitrogen - - : 
Albuminoid nitrogen - - 4 
Nitric nitrogen - . . : 


Oxygen absorbed from KMnO, in 4 hours 


Dissolved oxygen taken up in 24 hours 
| Before - - 

Incubator test 

| After - - 


Suspended solids = - a 














Best. | Worst. | Average. 
"184 *213 "183 
043 063 043 
ery 1°42 1°68 
‘471 667 602 

41% 36% 41% 
18 *25 “21 
24 “58 °37 
pe = heavy trace. 








Number of samples analysed for the average = 3. 


EXETER Sepric Tank PROCESS— 


Average daily flow through the tanks” - . : 
Amount of sludge removed during the month - - 
Amount of sewage treated by the process - - “ 


Average analysis of tank liquor— 


Ammoniacal nitrogen 
Albuminoid nitrogen 


Oxygen absorbed from KMn0, in 4 hours” - 


Suspended solids 
Soluble solids - 


-e- - - 


16 


Number of samples analysed for the average = 1. 


Number of times beds were filled during the month - 


Amount of tank liquor treated per cube yard per 24 hours - - - - 


Average Analysis of Final Effluent— 


Ammoniacal nitrogen 
Albuminoid nitrogen 
Nitric nitrogen . 


Oxygen absorbed from KMn0, in 4 noes - 
Dissolved oxygen taken up in 24 hours” - - 


Incubator test 
Suspended solids’ - 


{ Before 
\ After 


Number of samples analysed for the average = 1. 


Continuous PRocEss—EsS— 








Amount treated per cube yard per 24 hours 


Se 


ie 


Ammoniacal nitrogen - - : 3 
Albuminoid nitrogen - - - e 
Nitric nitrogen - : . : 4 
Oxygen absorbed from KMnO, in 4 hours 
Dissolved oxygen taken up in 24 hours - 
( Before’ - 2 

Incubator test 
| After . A : 


Suspended solids” - - . ; E 


Number of samples analysed for the average 








1:09 
271 
¢ * pees 
0 
70° 


05 


8 


266 
52 gallons, 


“494 
098 
540 

1°78 

50% 
71 


“42 
84 


24 hours’ flow. 
none. 
676,300 gallons. 


























Leeds Whittaker Ducat 
Filter. Filter. | Filter. 
47 gallons. 60 gallons. 7 gallons. 
Unfiltered. | Filtered. | Unfiltered. | Filtered. | Unfiltered.| Filtered. 
j | 
494 | “473 £485 | *396 *425 "494 
247 | 125 “157 053 081 ‘068 
Le. |, 86 760 1-00 oe: 1:57 
4°97 | 1-24 3-44 ‘824; 1°02 "982 
100% | 78% 58%, 45% 50% a 
15 57 ‘ll *35 30 "24 
3:0 .67 ‘10 “34 30 21 
24°8 | 5°7 12°8 4°2 5°2 -- 
1 4 1 4 1 1 





May 6th, 1994. 





W. H: Harrison, 


SEwAacgE— 


Lrrps—continued, 


‘Average Analysis of Sewage. 








Ammoniacal nitrogen 


Albuminoid nitrogen 


Oxygen absorbed from KMnO, in 4 


Suspended solids 
Soluble solids 


PRECIPITATION PRocEssS— 


Number of samples analysed for the average = 3. 


Amount of sewage treated during the month 


Amount of lime used during the month - 


Amount of sludge dealt with during the month 


Amount of sludge removed from the works 


Ammoniacal nitrogen 


Albuminoid nitrogen 


Oxygen absorbed from KMn0O, in 4 


Suspended solids 
Soluble solids 


Oprrmn Szpric TANKS AND DovusLE Contact PRocEss— 


Average Analysis of Tank Liquor: 


ROYAL COMMISSION ON SEWAGE DI*POSAL. 


Worst. 








Best: 
1°60 1:99 
469 *632 
8-24 13°6 
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September, 1903, 


Average. 


1-73 
"499 
10°6 
1040 
1070 


- 438 million gallons. 


- 72 tons 8 cwts. 








Number of samples analysed for the average = 3. 


Average daily flow through the tanks - - 


Amount of septic sludge removed during the month 


Amount of sewage treated by the process’ - 


Average Analysis of Tank Liquor. 





Best. 


1°45 
"222 
3°24 

















Ammoniacal nitrogen 


Albuminoid nitrogen 


Oxygen absorbed from KMnO, in 4 


Suspended solids 
Soluble solids 





hours 





Number of times primary bed was filled during month - 


Best. 


932 
227 
4°04 


Number of times secondary bed was filled during month - 


Amount of tank liquor treated per cube yard per 24 hours 


Amount of tank liquor treated during month 





Number of samples analysed for the average = 3. 


- 9,972 tons. 
- 246 tons. 
Worst. | Average: 
1-59 151 
"247 247 
5°52 3°87 
— 6:1 
— 90°0 
- 24 hours flow: 
- none. 
- 71,160,000 gallons. 
Worst. Average: 
1:12 “983 
"340 ‘274 
6°24 5-40 
a 17-1 
a 83°5 





33-4 gallons, 


-————_—H 


- 2,226,000 gallons, 
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Average Analysis of Final Effluent. 














tt eee Best. Worst. Average. 

Ammoniacal nitrogen . - - - - - - 099 "124 
Albuminoid nitrogen - - - - : - - *027 031 
Nitric nitrogen - - - - - - - - 1°51 2°60 
Oxygen absorbed from KMnO, in 4 hours — - - - “438 385 | 
Dissolved oxygen taken up in 24 hours - - - 16% 30% 

Before - - - + - - "14 17 
Incubator test 

After - - - - - - 14 10 

Suspended solids” - - - - 2 ‘ : I a — 














Number of samples analysed for the average = 2. 


Exeter SEPTIC TANK PROcESS— 


Average daily flow through the tanks - - - - - : - 24 hours’ flow. 
Amount of sludge removed during the month - - - - - - none. Pai 
Amount of sewage treated by the process o> igs er ae ee - 563,000 gallons. 
Average analysis of tank liquor— 
Ammoniacal nitrogen - - - en - - - -- 124 
Albuminoid nitrogen - - - - - - 238 
Oxygen absorbed from KMnOy ‘in 4 poche ere tee ee Dene we ree 1:4 MEIN 
Suspended solids - - - - - - - - ~. Ol 
Soluble solids - - - - - - - - - - 811 
Number of samples analysed for the average = 1. 
Number of times beds were filled during the month - - - - 232. 
Amount of tank liquor treated per cube yard per 24 hours - - - 45 gallons. 
Average analysis of final effluent— 
Ammoniacal nitrogen’ - - - - - - . - 588 
Albuminoid nitrogen - - - - - - - - . “305 
Nitric nitrogen - - - - - - 18) 
Oxygen absorbed from KMnO, in 4 oars - - - . - 1°42) 
Dissolved oxygen takeo up in 24 hours - - - - - 350% 
Before - - - - > ° - - 1:08 
Incubator test for A 3 - ¥ a : . - -67 
Suspended solids — - - - - - - - : - - 162 


Number of samples analysed for the average = 1. 


Continuous PRocESSES— 
































Leeds Whittaker -f 54 \ Ducat 
— | Filter. Filter. PEs ‘Filter. 
Amount treated per cube yard per 24 hours 43 gallons. 54 gallons. 51 gallons. 
Unfiltered. | Filtered. | Unfiltered.| Filtered. | Unfiltered. | Filtered. 
Ammoniacal nitrogen - - - - 574 516 300 183 ‘574 ‘457 
Albuminoid nitrogen - - - - "254 ‘101 098 039 *155 058 
Nitric nitrogen - - - - . “300 ‘240 1°12 1:20 1°42 1°42 
Oxygen absorbed from KMn0O, in 4 hours 2°77 104 115 , ‘710 942 |. 438 
Dissolved oxygen taken upin 24 hours - 100% 58% 33% 23% 50% — 
(Before = 13 | 40 51 24 “42 12 
Incubator test 
After >" 16 42 58 28 37 12 
Saspended solids’ - : 2 = 4 24-4 31 10°4 6:3 10-2 ae 
Number of samples analysed for the average ye) 3 i 3 1 1 
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Lrxrps-—continued. 
October, 1902 
SEwAGE— Average Analysis of Sewage; 
-_-——- ; Best. Worst. Average. 
Ammoniacal nitrogen” - : ; : : E 1°30 1°92 1°49 
Albuminoid nitrogen “ : , ‘ - 2 rf 27] *543 387 
Oxygen absorbed from KMnO, in 4 hours : - : 4°21 11] 7°58 
Suspended solids” - . . : - - - . ~~ _— 404 
Soluble solids - : : : , 3 ‘ A pa ae 68°8 
Number of simples analysed for the average = 3. 
PRECIPITATION PROCESS— 
Amount of sewage treated during the month - - - - - - 269 million gallons. 
Amount of lime used during the month - - - - - - - 43 tons 9 cwts. 
Amount of sludge dealt with during the month - - - - - 7,204 tons. 
Amount of sludge removed from the works - - - - . - 270 tons. 


Average Analysis of Tank Liquor. 


eee cana 





Best. Worst. Average 











Ammoniacal nitrogen - - : 494 1°67 bg 
Albuminoid nitrogen - - - - - - - *123 “148 173 
Oxygen absorbed from KMnO, in £ hours - - - 1:00 3°92 2°35 
Suspended solids’ - . : . - - - - o — 12°0 
Soluble solids - - bs z . 4 3 : ae ra 72:7 








Number of samples analysed for the average = 3. 





Oren Septic TANKS AND DouBLE Contact PRocess— 


Average daily flow through the tanks - > - - : : - 24 hours’ flow. 
Amount of septic sludge removed during the month : - - - None. 
Amount of sewage treated by the process : e A 3 - - 45,920,000 gallons. 


Averaye Analysis of Tank Liquor. 

















—_—— | Best | Worst. Average. 
Ammoniacal nitrogen - - - - - - | “676 1°15 913 
Bier tmitogen th. * | ore” 211 378 294 
Oxygen absorbed from KMn0O, in 4 hours” - - - 2°92 4°81 3°86 
Suspended solids’ - - - + 3 = : 5 11°8 21°7 18°7 
Soluble solids - - - . - - - - - 82°8 77°2 80°0 











Number of samples analysed for the average = 2. 


Number of times primary bed was filled during month - - - - 19. 

Number of times secondary bed was filled during month - - - - 19. 

nant of tank liquor treated per cube yard per 24 hours - - - - 16°4 gallons. 
Amount of tank liquor treated during the month - - - . - 1 128.009 gallons. 
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Average Analysis of Final Effluent. 














—_—~ | Rest; Worst. Average. 
Ammoniacal nitrogen” - - : : - - . 085 . 085 Idd 
Albuminoid nitrogen , - - . - 5 “ +020 049 208 
Nitric nitrogen - - - - - - . 3°22 2°44 2°68 
Oxygen absorbed from KMnO, in 4 hours - - 229 . 1352 ‘410 
Dissolved oxygen taken up in 24 hours - - < ae 3% 15% 
f Before : - - - < : Pt 0 ‘04 12 
Incubator test 
( After - - : 4 s ‘07 22. °18 
Suspended solids - = ones : t :, 18.3 tee se hy. trs 





Number of samples analysed for the average = 3, 


Exreter Seprie Tank Process— 


Average daily flow through the tanks : . - - - - 24 hours’ dow: 
Amount of sludge removed during the month . : : ‘ : - None, 
Amount of sewage treated by the process - : : - . 396,700 
Average analysis of tank liquor— 
Ammoniacal nitrogen - . : : : . - - 1:23 
Albuminoid nitrogen - : : . : “395 
Oxygen absorbed from KMn0, in 4 hae : as: : - 4°74 
Suspended solids - - = - : . . : - 10.5 
Soluble solids : : As - : . : . - 79°0 


Number of samples analysed tor the average = 1, 


Numper of times beds were filled during the month - - - aed 
Amount of tank liquor treated per cube yard per 24 hours : - - 31 gallons. 
_ Average analysis of final efflrent— 
Ammoniacal nitrogen - - - : - . - - - ‘484 
Albuminoid nitrogen - - - - : . - - eed y. 
Nitric nitrogen - - S E : He 
Oxygen absorbed from KMnO, in a haw : : - - ae 
Dissolved oxygen taken up in 24 hours : : - : - 46% 


Before - - Sere ~ - - = a7 
After - 2 e x A 2 - = Sereno ry 
Suspended solid - - - r : : : 4 4 ee! | 


Number of samples analysed for the average = 1.” 


Incubator test { 


ContTINUOUS PROCESSES— 









































in Leeds Whittaker Ducat 
soe Filter. Filter. Filter. 
Amount treated per cube yard per 24 hours 30 gallons. 38 gallons. ee 
| 
| - | 
Unfiltered. | Filtered. | Unfiltered.| Filtered. | -_—— 
Ammoniacal nitrogen - - : : 400 “440 - 313 | “164 
Albuminoid nitrogen - - - - 363 | 088 "136... | 024 
} 
Nitric nitrogen - - - - - nil; | 372 "126 1°34 
Oxygen absorbed from KMn0O, in 4 hours £51 | 851 1°64 °705 Experiment 
Dissolved oxygen taken up in 24 hours - 100% | 28% 46% 16% Discontinued 
[Before -- we 21 at | -30 57 tad “oy 
Tncubator test | | : 
| After - - - 44 | 34. "By oj eae 
Suspended solids - - . - . 33°5 4:2 15°2 2-0 
Number of samples analysed for the’average 1 | 3 1 3 
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November, 1903. 








SEwAGE— Average Analysis of Sewage. 
ns Best. 

Ammoniacal nitrogen - - - - - - - 1-47 
Albuminoid nitrogen - - - - : - : "445 





Oxygen absorbed from KMnO, in 4 hours - - 


Ronpepded eoudes  -"PH- - ©- =H - = = 
Soluble solids - - - - - ; : ~ | 
ale 


9°60 


Worst. Average. 
2°38 1°73 
632 522 
83 8:97 
-_ 65°7 
— 107°0 








Namber of samples analysed for the average = 4. 


PRICIPITAT ON PROCESS— 
Amount of sewage treated during the month . - 
Amount of lime used during the month - - - 


Amount of sludge dealt with during the month 


Amount of sludge r2movel from the works - 


Average Analysis of Tank Liquor. 








| 
| 
Am noniacal nitrogen - - - - - . ; | 
Albuminoil nitrogen - . - - : - | 
Oxygen absorbed from KMn0O, in 4 hours . : : | 
Suspended solids - ae = 4 = : : Agel 


Soluble solids - - - 2 : : z Zruth 





Number of samples analysed for the average = 4. 


Oren Septic TANKS AND DovuBLE Contract PROcESS-—— 
Average daily flow through the tanks - . 


Amount of septic sludge removed during the month 


Amount of sewage treated by the process” - - 


B 


est. 


- 4831 million gallons, 


- 73 tons 3 cwts. 








- 5,903 tons. 
- 116 tons. 
Worst: Average. 
2°06 1:54 
250 "186 
2°84 3°51 
— 4:7 
— Leg 





Average Analysis of Tank Liquor. 


- 24 hours’ flow. 
- None. 


- 80,520,000 gallons, 

















ae Bests | Worst. | Average. 
Ammoniacal nitrogen - - - - - - - .772 1:36 102 
Albuminoid nitrogen - - - - - - : 306 494 354 
Oxygen absorbed from KMn0O, in 4 hours” - <= > 3°20 4°88 4-48 
Suspended solids - - - - - - - - 9°8 150 13:4 
Soluble solids eo - - - reer - 95°1 84°5 IL 
Number of samples analysed for the average = 3. 
¥ Number of times primary bed was filled during month - - - - - 42 
Number of times secondary bed was filled during month : - - - 42 


Amount of tank liquor treated per cube yard per 24 hours 


Amount of tank liquor treated during the month - 
6225—Ap. I. 


- 354 gallons. 


2,358,000 gallons. 


2N2 
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Average Analysis of Final Ejluent. 





bite a Best. | 














Worst. 
i | 
Ammoniacal nitrogen - - - - - | O71 | 188 
Albuminoid nitrogen - - - . - : Tae ‘O24 | ‘041 
idMaligocen |< eg. ee 2 2-90 | 2-20 
Oxygen absorbed from KMnO, in 4 hours” - . - | “338 | 514 
Dissolved oxygen taken up in 24 hours - an . a 0% | 0% 
es : - - - > ae ‘07 | aL 
Incubator test 
(After <ip--qick> pcos 08 | 20 
i 


Suspended solids 


- - s - e . e . —<— 


Average. 





‘115 

| 029 

| 19 
“417° 

1-3% 
11 
10 — 





Heavy Trace 





Number of samples for the average = 3. 


EXETER SEPTIC TANK PROCESS— 





Ammoniacal nitrogen e - - ” = - : : oe Nit 433 
Albuminoid nitrogen - ° - - . : : - - 163 
Nitric nitrogen - - - - - - - - - 140 
Oxygen absorbed from KMnQ, in 4 hours - . - - 2°41 
Dissolved oxygen taken up in 24 hours” - - - - - 51% 

Before ° = 8 o> wuntsek 60a. aot bewetak cas ‘97 
incubator test | 

After - - - - - : 1:25 
Suspended solids - - = & : Z m P 12:1 
Number of samples analysed for the average - - - - 1 








24 hours’ flow. 


607,000 gallons. 








‘Whittaker 
Filter. 


Average daily flow through the tanks . ‘ : . 
Amount of sludge removed during the month - : None. 
Amount of sewage treated by the process - . . : . 
Average analysis of tank liquor— 
Ammoniacal nitrogen - . . - - “715 
Albuminoid nitrogen - 141 
Oxygen absorbed from KMn0 4 in 4 hours Be ei 
Suspended solids hed bi 
Soluble solids - . : : - 818 
Number of samples analysed for the average = 1. 
Number ot times beds were filled during the month - - - - 263 
Amount of tank liquor treated per cube yard per 24 hours - - 48°9 gallons 
Average analysis of final effluent— 
Ammoniacal nitrogen : : - : : . . 247 
Albuminoid oe : - - . : : - : ‘058 
Nitric nitrogen , ; - ~ “660 
Oxygen absorbed flan KMn0, 4 in 4 ne - 952 
Dissolved oxygen taken up in 24 hours - : . - : Kee 
Before - - : . : : ‘27 
Incubator. test } ‘Kear — : : : 17 
Suspended solids” - - £ Z : ‘ ; . 11 
Number of samples analysed for the average = 1. 
Con LINvOUS PROCESSES— 
Leeds 
———. Filter. 
Amount treated per cube yard per 24 hours - - - - 48 gallons. 


61 gallons. 




















May 6th, 1904. 


Unfiltered. | Filtered. 


469 


‘088 





Pe | Filtered. 


‘079 ‘128 
052 034 
‘960 1°25 
‘971 600 
8% 13% 
31 20 
‘18 24 

12°5 hy. tr. 

1 4 
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Average Analysis of Sewage. 





285 


December, 1003. 





| sha 





Ammoniacal nitrogen 


Albuminoid nitrogen 


Oxygen absorbed from KMnQ, in 
Suspended solids 


Soluble solids 











Bext. | Worst. Average. 
= 3 é e 2 2°33 1-74 1°83 
% : Sal Ae “370 457 "422 
4 hours. - - - 7°32 10°45 9:01 
Nis ae tye be Sed Se we 
. > - - - -- | — 92:1 











PRECIPITATION PRocESS— 


Number of samples analysed for the average = 4. 


Amount of sewage treated during the month - - . e , 


Amount of lime used during the month - - z : 





- 462} million gallons. 


- 69 tons 2 ewts., 











Amount of sludge dealt with during the month - - - - 10,327 tons. 
Amount of sludge removed from the works - - - - ° - 156 tons. 
Average Analysis of Tank Liquor. 
a | Best. Worst. Average. 

Ammoniacal nitrogen” - : - : - - ee :778 1°37 
Albuminoid nitrogen , - : - - -123 . 2345 +194 
Oxygen absorbed from KMnO, in 4 hours” - : : 4°34 7°34 5°35 
Suspended solids” - - . - - - —_ — 3.1 
Soluble solids - - . . - - e * a — = 98:0 





i 
| 





Number of samples analysed for the average = 4. 


Open Septic TaNKS AND DousLE Contact PRocEss— 


Average daily flow through the tanks - - - . * : 
Amount of septic sludge removed during the month - : - 
Amount of sewage treated by the process - - . - - 


Average Analysis of Tank Liquor. 





- 24 hours’ flow. 


- None. 


- 77,000,000 gallons, 

















Amount of tank liquor treated per cube yard per 24 hours ; 


Amount of tank liquor treated during the month -— - 


342 gallons. 


—. Best. Worst. Average 
{ | 
Ammoniacal nitrogen = - : - - : . - 1-000 1°34 7 
Albuminoid nitrogen - - : > 251 “359 505 
Oxygen absorbed from KMnO, in 4 hours - - . 4:31 5°80 5-05 
Suspended solids” - | - . - - - - - 11-0 | 21°8 16-4 
Soluble solids - - - - - - : - 86-4 82°8 34-6 
os Number of samples analysed for the average = 2. 
Number of times primary bed was filled during month - . 42 
Number of times secondary bed was filled during month - 42 


2,358,000 gallons. 
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API ENDIX ! 


Average Analysis of Final Effluent. 








Ammoniacal nitrogen 
Albuminoid nitrogen 


Nitric nitrogen - 


Oxygen absorbed from KMnO, in 4 hours 


Dissolved oxygen taken up in 24 hours - 


Incubator test 


Suspended solids - 


f After 


| Before 








Best, Worst. 
178. 242 
024 036 

1°36 2°45 
"397 755 
0% 0% 
12 15 
*20 24 








Number of samples analysed for the average -= 4. 


Exeter Sertic Tank PRocess— 


Average daily flow through the tanks 
Amount of sludge removed during tho month 
Amount of sewage treated by the process 


Average analysis of tank liquor. — 
Ammoniacal nitrogen 
Albuminoid nitrogen 


Oxygen absorbed from KMnQ, in 4 hours 
Suspended solids 


Soluble solids 


Number of samples analysed for the average == 


Number of times beds were filled during themonth - 


Amount of tank liquor treated per cube yard per 24 hours 


Average analysis of final effluent — 
Ammoniacal nitrogen 
Albuminoid nitrogen 
Nitric nitrogen 


Oxygen absorbed from Kyn0, in 


4 


hours 


Dissolved oxygen taken up in 24 hours - 
{ Before 


Incubator test 


Suspended solids 


ConrIntous PRrocEssES— 


Number of samples analysed for the average = 1. 


\ After 














Amount treated per cube yard per 24 hours - 


Ammoniacal nitrogen 
-Albuminoid nitrogen 


Nitric nitrogen - 


‘Oxygen absorbed from KMn0O, in 4 hours 


Dissolved oxygen taken up in 24 hours 


Ineubator test 


Suspended solids - 


Number of samples analysed for the aytrage 


( After 


{ Before - 


- 24 hours’ flow 


- none. 


Average. 








169 
31 
1°95 


612 - 


0% 
‘17 
21 


- 590,000 gallons. 


heavy trace. 

















"May 6th, 1904. 











< r Srey 
. : - oa 7 
- = = 3°15 
- - = 10:4 
“ = ee set 
- - - 252 
: “ Ey 
' : - “357 
- - = “085 
~ = & "949 
- - - 1:20 
= Z - 20% 
- - - “45 
= : = BT 
- - = *8fe0 
| Leeds Whittake 
Filter, Filter. 
46 gallons. 51 gallons. 
Unfiltered. | Filtered. | Unfiltered.| Filtered. 
ere 
*418 ‘417 “182 :169 
“At "084. “088 047 
hy. tr 212 1-70 1°35 
3:28 1-42 134 “865 
} 58% 8% 16% 15% 
1°22 “68 “47 | 25 
2-42 74 45 | “34 
18-9 7:2 | W2aiK} BB 
1 3 | 1 3 
W. H. Harrison. 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 287 


January, 1904. 


LEEDS - continue. 














SEWAGE — Average Analysis of Sewage. 
<a | Best. | Worst. | Average. 
Ammoniacal nitrogen - eae - - E “ * 1°25 but Ih 1°45 
Albuminoid nitrogen - * - - - : = 358 "444 438"). 
Oxygen absorbed from KMnQ, in 4 hours - - i 2 9°14 * 13°1 S61 
Suspended solids | Gof .- = ge een ee =e pa 92°4 
Senupieengemee | = eR -  l a a 93°8 


P Ce ne eee en nn ee 


Number of samples analysed for the average = 4. 


PRECIPITATION PROCESS— 


Amount of sewage treated during the month - - - - - - - 441,750,000 grllons. 
Amount of lime used during the month - - - - . - - - 65 tons. 

Amount of sludge dealt with during the month - . - - . . - 11,024 tous. 
Amount of sludge removed from the works - - - - - - - - 97 tons. 


Average Analysis of Tank Liquor. 














ed | Best. | . Worst. | Average. 
Ammoniacal nitrogen - - - - - - - - ‘752 1°39 ae: 
Albuminoid nitrogen - - - - - - - : ‘161 "345 "250. 
Oxygen absorbed from KMnO,in4hours- - -— - 5°24 411 4°64 
Sasmeumeieecs = Fl Ul UL — ~ 957 
Soluble solids - - : - . . - - . — — 93°1 








Number of samples analysed for the average = 4. 


Open SEepTric AND DousLE Contact Procrss— 


Average daily flow through the tanks -—— - - - - - - - 24 hours’ flow. 
Amount of septic sludge removed during the month - - - : . - none. 
Amount of sewage treated by the process - - - : - - - - 76,175,000 gallons. 


Average Analysis of Tank Liquor. 

















—— | Best. | Worst. | Average. 
Ammoniacal nitrogen _ - : - - - - ‘ = ‘931 1:02 ‘979 
Albuminoid nitrogen - + - - - - : "232 "345 289 
Oxygen absorbed from KMnO,in4hours- - == 5°82 4°52 sys 
Suspended solids - - - 2 - - - - - ft ee 15°5 16°8 
Soluble solids - - : 2 : - = - - 88°8 ot 857 





Number of samples analysed for the average = 2 (average of several days). 


Number of times primary bed was filled during month - : © SAG: 
Number of times secondary bed was filled during month - ny: ee 4a 


Amount of tank liquor treated per cube yard per 24 hours - - : - 


35°2 gallons. 
Amount of tank liquor treated during the month enenien Seatae-- .» 2 397-000 gallons. 


APPENDIX: 


Average Analysis of Final Effluent. 








ete | Best. 

Ammoniaeal nitrogen - - - - - - - . "192° 
Albuminoid nitrogen - . - - - - - ‘038 
Nitric nitrogen - - : - - 1°45 
Oxygen absorbed from KMn0Q, in 4 hours - ‘410 
Dissolved oxygen taken up in 24 hours . 4 per cent, 

( Before-° - =< : - “ "082 
Incubator test : 

(Atte — =" 22 eee 100 
Suspended solids - . - rs s < = “ a 





H 
| 
| 











| Worst. | Average. 
= = 
141 | 215 
058 “+050 
jist hee 6 
STOLL ‘B45 


35 per cent. 16 per cent. 


147 134 


*200 167 


— Heavy Trace. 


——_—— ee es | 


Number of samples analysed for the average=3. 


Exeter Septic TANK PRrocess— 


Average daily fiow tirough the tanks 
Amount of sludge removed during the month - - 
Amount of sewage treated by the process . - - - - 


Average analysis of tank liquor— 


24 hours flow. 
none. 
583,300 gallons. 





Incubator test - - x 5 . ‘ a “3 By 








Ammoniacal nitrogen - - - - - - - - 1°00 
Albuminoid nitrogen - 2 Split - - . - - - ‘316 
Oxygen absorbed from KMn0Q, in 4 hours - - - - - 361 
Suspended solids - - - - - - - - - 101 
Soluble solids - - - - - - . - - Se) 
Number of samples analysed for the average=1. 
Number of times beds were filled during the month - - - - 263 
Amount of tank liquor treated per cube yard per 24 hours - - - 47:0 
Average analysis of final effluent—- 
Ammoniacal nitrogen - - - - - . - - 1°02 
Albuminoid nitrogen - - - - - - - . "TT 
Nitric nitrogen - : - - - - ge - mL OG 
Oxygen absorbed from KMnOQ, in 4 hours - . - - 107 
Dissolved oxygen taken up in 24 hours” - - - - - 35 per cent. 
{ Before < - . - - - oP 4n7 
Incubator test | Afters 9 lice 6 ee re 
Suspended solids - = - a: - - TENTS S 
Number of samples analysed for the average=1. 
ConTINUOUS PROCESSES— 
| 
ee Leeds Whittaker Ducat 
Filter. Filter. Filter. 
Amount treated per cube yard per 24 hours eas - | — | —- | — 
. 
Ammoniacal nitrogen . - . - - - - — . : 
Albuminoid nitrogen - - wP OS 2 | — i | 
i } 
Nitric nitrogen -| +). # Sef ee ae — | *| 
: | . bo Zz 
Oxygen absorbed from KMnQ, in 4 hours - - . - = I | 2 
SI iS) 
Dissolved oxygen taken up in 24 hours - - - - — a | Dp 
| 
| 





Suspended solids - - - -f - - . - _ 





Number of samples analysed for the average= . 
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February, 1904. 





SEWAGE— Average Analysis of Sewage. 

MOE OIL SE 1 SUR a 1) Cie i Ma anal ee eee Se eer 
oe | Best. | Worst. | Average. 

Ammoniacal nitrogen- - - - - + - - 1-25 1°32 1°28 

Albuminoid nitrogen - - - - - - - - "309 "469 “406 

Oxygen absorbed from KMn0, in 4 hours - - - - 5°75 9°52 7°80 

Suspended solids - - - - - : : - — -- 38°7 

OSS = zs 80°4 





Number of samples anaylsed for the average=4. 


PRECIPITATION PROCESS— . 
Amount of sewage treated during the month - - - - - - 408,000,000 gallons. 


Amount of lime used during the month - - - ee . - 65 tons 14 cwt. 
Amount of sludge dealt with during the month = - - . . - 6,143 tons. 
Amount of sludge removed from the works - - - - - - 247 tons. 


Average Analysis of Tank Liquor. 











—— | Best. | ‘Worst. | Average. 
Ammoniacal nitrogen - - eee - - - - - 827 1°76 1°04 
Albuminoid nitrogen - - - - : - - - 2123 370 "172 
Oxyge”. -dsworbed frormmeK MnO, in 4 hours - 4.0)! te yor 1°75 4°78 iy 
Suspended solids- - -— - : Sear aap = = 11°4 
Soluble solids” - - - - - - : - . — — 82°4 











Number of samples analysed for the average=4. 


OpEN SEPTIC AND DousLE Contact PRocEss— 


Average daily flowthroughthe tanks - - - - - - -  - 24 hours’ flow. 
Amount of septic sludge removed during the month - - : - - none. 
Amount of sewage treated by the process” - ‘ - - - ‘i - 66,000000 gallons. 


Average Analysis of Tank Liquor. 





ee" 











eae Best. | Worst. Average. 
Ammoniacal nitrogen - - - : - : - - 914 914 914 
Albuminoid nitrogen - -- - 4- : = . - "265 "291 ‘278 
Oxygen absorbed from KMnQ, in 4 hours - : - - 3°87 4°30 4°08 
Suspended solids- - -— - ames eS SENS 14°1 14°0 14:0 
Soluble solids - - - - - . - : - 83°4 84°2 83°8 








Numbér of samples analysed for the average=2. 


Number of times primary bed was filled during month = - : Z -. 35 

Number of times secondary bed was filled during month - - : - 36 

Amount of tank liquor treated per cube yard per 24 hours - S ‘ - 29°0 gallons. 
Amount of tank liquor treated during themonth - - - - — - 1,863,000 gallons. 
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APPENDIX : 


Average Analysis of Fimal Effluent. 











Ammoniacal nitrogen - 
Albuminoid nitrogen - 


Nitric nitrogen - - - 


Oxygen absorbed from KMnQ, in 4 hours 





Dissolved oxygen taken up in 24 hours > 


Before - 


Ineubator test | 
After = 


Suspended solids - : < 














Number of samples analysed for the average = 3. 


Exeter Septic TANK Process— 


Average daily flow through the tanks” - 
Amount of sludge removed during the month - - - - 
Amount of sewage treated by the process 


Average analysis of tank liquor— 


- 24 hours’ flow 
none. 


| Best. | Worst. | Average. 

- =| ‘101 136 105 

4 = = - | 024 041 031 

oe wes 167 2°42 2°10 
A = = | "245 555 “410 © 

Sieg 1%, “140/ 11:4% 

- - eh) 147 ‘108 

- - ‘070 200 134 

- = == aaa trace. 


- 474,200 gallons. 


Ammoniacal nitrogen - - 
Albuminoid nitrogen - - 


Oxygen absorbed from KMnQ, in 4 hours- — - : seh retin: 


Suspended solids - - 5 
Soluble solids 


Number of samples analysed for the 


Number of times beds were filled during the month . - - 
Amount of tank liquor treated per cube yard per 24 hours” - - 


Average analysis of final effluent-— 


Ammoniacal nitrogen - - 
Albuminoid nitrogen - 
Nitric nitrogen - - - 


Oxygen absorbed from KMnOQ, in’4 hours - - - - - 
Dissolved oxygen taken up in 24 hours ME ees bh, 


f Before - 
\ After - 


Suspended solids - 3 : 


Incubator test 


Number of samples analysed for the average =a 


Continuous PRocessEs— 


| Leeds filter. | Whittaker filter. 


1:09 
- 236 
- 4°50 
J5°5 
74:1 


average = 1. 


- 228 
- 39'S gallons 


> "493 
- Pi lias? 
- +860 
- 1°20 
= ate 
= °710 
: *595 


- 74 


Ducat filter. 








Amount treated per cube yard per 24 hours 


Ammoniacal nitrogen - - = = . 


Albuminoid nitrogen - - : ‘ 3 


Nitric nitrogen 


Oxygen absorbed from KMnQ, in 


4 hours - 


Dissolved oxygen taken up in 24 hours - 


Incubator test 


if Before - Z : i 
i After - 2 z 


Suspended solids - : ‘ RP Aa 





Number of samples 





| 
| | 


| 








53°3 
Unsettled. 
‘110 -- 
‘O71 


830 

30 
204 
302 a 


80 — 








analysed for the average = 2. 
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March, 1904. 
SEwAGE— ; Average Analysis of Sewage. 
a | Best. Worst. | Average. 
ei cc ee ee 
Ammoniacal nitrogen- — - : Diy a tae 1°23 1°78 1°66 
Albuminoid nitrogen - - - - - - - "345 613 “457 
Oxygen absorbed from KMnQ, in 4 hours - - é : 10°5 10°3 9°11 
Suspended solids eee 4S os o ae = = 52°4 
Soluble solids - - = - = ..* : ; : =e =. 93°4 
Number of samples analysed for the average = 4. 
PRECIPITATION PROCESS— 
Amount of sewage treated during the month - - . - - - 520,500,000 gallons. , 
Amount of lime used during the month - - - - - : - §2 tons 11 cwts. 
Amount of sludge dealt with during the month - - : - - 9,774. tons. 
Amount of sludge removed from the works - - : - - 176 tons. 
Average Analysis of Tank Liquor. 
—— | Best. | Worst. Average. 
Ammoniacal nitrogen - - - - - - - - 1°69 1°76 1°59 
A)buminoi4 aiwogen - - - - - - - "185 ‘370 “262 
Oxygen absorbed from KMnQ, in 4 hours - . - . 197 4°78 4°27 
Suspended solids - . - . - - - - : ch _ 15°0 
Be ie J 99°7 
Number of samples analysed for the average = 4. 
Open Septic anD Dous_e Contact PRrocess— 
Average daily flow through the tanks - - - - - - - 24 hours’ flow. 
Amount of septic sludge removed during the month - - - none. 
Amount of sewage treated by the process - - - - - - 82,500,000 gallons. 


Average Analysis of Tank Lnquor. 


nesta | Best. | Worst. | Average. 








Ammoniacal nitrogen - - - = - - - - 1:09 1°05 1:07 
Albuminoid nitrogen - —— - Sigh ROR 2 Wa he "364 "435 "399 
Oxygen absorbed from KMnO, in 4 hours : - - 5°54 5°67 5°60 
Suspended solids - - Sie es - : - - 19°2 an 20:8 19°7 
AGTE SG) ES Se fe ee eee 91°4 86'8 89°0 








Number of samples analysed for the average = 


Number of times primary bed was filled during month - - - 46. 

Number of times secondary bed was filled during month - - +. 46. 

Amount of tank liquor treated per cube yard per 24 hours - - - - 35°'3 gallons. 
Amount of tank liquor treated during the month * - : - - 2,424,000 gallons. 


6225—Ap. I. 202 


APPENDIX: 


Average Analysis of Final Effluent. 








Ammoniacal nitrogen - - - 
Albuminoid nitrogen - . - 


Nitric nitrogen - - 2 4 


Oxygen absorbed from KMnO, in 4 hours - 


Dissolved oxygen taken up in 24 hours 
Before - - - 
Incubator test 
After - - - 


Suspended solids : A ¢ 2 





| 





Number of samples analysed for the average = 3. 


EXETER Septic TANK PROocEss— 


Average daily flow thrcugh the tanks 
Amount of sludge removed during the month 
Amount of sewage treated by the process 


Average analysis of tank liquor— 
Ammoniacal nitrogen - 
Albuminoid nitrogen - 


Oxygen absorbed from KMn0, it in — hours 


Suspended solids - - 
Soluble solids = - - 


Number of samples analysed for 


Number of times beds were filled during the month - 
Amount of tank liquor treated per cube yard per 24 hours 


Average analysis of final effluent— 
Ammoniacal nitrogen - 
Albuminoid nitrogen - 
Nitric nitrogen - 


Oxygen absorbed from KMn0, j in nA hours - 
Dissolved oxygen taken up in 24 hours 


Before 
Incubator test { He 


Suspended solids - - 


Number of samples analysed for the average = 1. 


ContTINUoUS PRocussES—- 





Leeds 


Filter. 











Amount treated per cube yard per 24 hours 


Ammoniacal nitrogen - - -~— - 
Albuminoid nitrogen - - -~ - 
Nitric nitrogen —- _ TPA! is Fes 
Oxygen absorbed from KMnQ, in 4 hours 
Dissolved oxygen taken up in 24 hours - 
- Before’ - : - 
Incubator test 
After - . : 


Suspended solids - - : a De: 


Number of samples analysed for the average 











62°3 gallons. 


Unsettled. 


443, 


Sand 


Filtered. 


315 
‘O71 
994 
788 
12% 
272 
320 
4°8 











Best. | Worst. | Average. 
"155, 199 "160 
024 ‘031 ‘028 

1°84 2°20 leo 
395 448 374 
py 4 25% 15% 
168 131 °135 
125 avi °155 
— — heavy trace 

: 5 - - 24 hours’ flow. 
E “ : - none. 
- - - - 663,400 gallons. 
St ee). ee 
- - - - | *262 
: - = - \3°24 
ae ee eee a 
: - 88°7 : 

the average = l.~ 
2 S - - 285 

: 5 a) lay 4 
J oo (oe See 
- - - - ‘105 
- - - - ‘380 
- - - =o 
. e - - 85% 
27 LL Re emesis 
= - - °635 
- - - ei) 

Whigs Ducat 
Filter. Filter. 
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SEwWAGE— 


Average Analysis of Sewage. 
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April, 1904. 
























































—_—— | Best. | Worst. | Average. 
Wmmoniacalnitrogen -~ - - - = - - 1°56 2°02 1°68 
Albuminoid nitrogen - ° - - - - - :- ‘605 1°02 695 
Oxygen absorbed from KMnO, in 4 hours - . - r 8°25 | 12°7 10°6 
Suspended solids - - - - - - - - : — pa 547 
Soluble solids” - - - : - - - - - — a 109°0 
Number of samples analysed for the average = 4. . 
PRECIPITATION PRocESS— 
Amount of sewage treated during the month - - - - - - 476,500,000 gallons. 
Amount of lime used during the month - - - - - - 75 tons 15 ewts. 
Amount of sludge dealt with during the month  - - - - 8,780 tons, 
Amount of sludge removed from the works - - 110 tons. 
Average Analysis of Tank Liquor. 
— | Best. | Worst. | Average. 
Ammoniacal nitrogen - - - - - - 1°64 1°96 1°78 
Albuminoid nitrogen - - - - - : - 370 445 "389 
Oxygen absorbed from KMnO,in 4 hours - 3°71 6°70 4°98 
Suspended solids - - - : : - “ - - — -- 971 
Soluble solids - - - : - - : : . — — 117°0 
Number of samples analysed for the average = 4. 
Oren Septic AND DousBLE Contract PRrocess— 
Average daily flow through the tanks - - - : : - 24 hours’ flow. 
Amount of septic sludge removed during the month = - - none. 
Amount of sewage treated by the process - 3 79,750,000 gallons. 
Average Analysis of Tank Liquor. 
a | Best. | Worst. ; | Average. 
Ammoniacal nitrogen-  - - -  - aye Patera 1-00 1°36 118 
Albuminoid nitrogen - - - —— = vera se "316 "385 | “350 
Oxygen absorbed from KMnQ,n 4 hours - - - . 5°86 6°32 6°05 
Suspended solids - - - - : : - : 13‘1 Q4°2 18°7 
i a 103°8 92°4 98°1 











Number of samples analysed for the average = 2. 


Number of times primary bed was filled during month - 
Number of times secondary bed was filled during month - : =) SA: 
Amount of tank liquor treated per cube yard per 24 hours 35 gallons. 


Amount of tank liquor treated during the month - 


2,329,000 gallons. 
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APPENDIX: 


Average Analysis of Final Effluent. 














———— | Best. | Worst. | Average. 

Ammoniacal nitrogen - - - - - - ‘170 141 134 
Albuminoid nitrogen - - - . : ‘056 054 057 
Nitric nitrogen - - - - - 1°82 2°14 2°27 
Oxygen absorbed from KMnQ, in 4 hours - - a “465 B17 ‘467 
Dissolved oxygen taken up in 24 hours” - : 7% 14% 12% 

[eee - - - : - 144 181 140 
Incubator test 

VAftersn tien Bee S ae 181 365 225 
Suspended solids - - - - - . - — — heavy trace. 

Number of samples analysed for the average = 3. 


EXETER Septic TANK PRocEss— 


Average daily flow through the tanks - 
Amount of sludge removed during the month 
Amount of sewage treated by the process - 
Average analysis of tank liquor— 


2 - 94 hours’ flow. 
- none. 
629,700 gallons. 























Ammoniacal nitrogen - - - . : z - : 1°29 
Albuminoid nitrogen - - s z - ‘217 
Oxygen absorbed from KMn0, i in a hours - X - | 
Suspended solids - - . - 31 
Soluble solids - - - . aa fp: 
Number of samples analysed for the average = 1. 
Number of times beds were filled during the month - - - 275 
Amount of tank liquor treated per cube yard per 24 hours - - - -- 519 
Average analysis of final effluent— 
Ammoniacal nitrogen - - - 465 
Albuminoid nitrogen ‘081 
Nitric nitrogen - - - 1°30 
Oxygen absorbed from KMn0, in 4 hours - 121 
Dissolved oxygen Lge up in 24 poe 14% 
Before - - - "495 
Incubator test { ‘A ftcpieain- 3 ; oo oe lies ear 510 
Suspended solids - : : : - - - v1 
Number of samples analysed for the average = 1. 
ContTINUOoUS PROCcESSES— 
Ratt Leeds Whittaker Ducat 
Filter. Filter. Filter. 
Amount. treated per cube yard per 24 hours -- 62°3 gallons. — 
Sand 
—— Unsettled. | Filtered. —— 
Ammoniacal nitrogen - - - . — ‘381 "345 — 
Albuminoid nitrogen - - - - = "169 "104 —- 
Nitric nitrogen - - - - - — 1312 Ly, —— 
Oxygen absorbed from K MnQ, in 4 hours - — 1°74 1°04 — 
Dissolved oxygen taken up in 24 hours” - — 41% 28% be 
Before - - - - - — 587 371 -- 
Incubator test 
After - : . - a 622 344 — 
Suspended solids - : - - — 14°7 6°7 -— 
f 
Number of samples analysed for the average ~- 4 4 -= 
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May, 04. 
SEWAGE— 
Average Analysis of Sewage. 
4 Best. Worst Average. 
Ammoniacal nitrogen - - - - - - : 1°41 1°58 1°62 
Albuminoid nitrogen - - - - - - - - "406 "729 "635 
Oxygen absorbed from KMnQ, in 4 hours - - - _ 8°50 14:0 11°9 
Suspended solids EE > ess oe Ee 103°8 
Soluble solids’ - - - - - - - - - — — 1082 
Number of samples analysed for the average = 4. 
- PRECIPITATION PRocEsS— 
Amount of sewage treated during the month - - : - - -  - . 475,500,000 gallons 
Amount of lime used during the month - - - - : - : - 75 tons 9 cwts. 
Amount of sludge dealt with during the month - - - - - - - 7,546 tons. 
Amount of sludge removed from the works - : - s - - 4 - 222 tons. 
Average Analysis of Tank Liquor. 
== | Best. | Worst. | Average. 
Ammoniacal nitrogen - - - - - - - - 1°23 1°83 t:52 
Albuninoid nitrogen - : : = .- - F 138 "432 289 
Oxygen absorbed from KMnQ, in 4 hours - - 2 - 3°00 2°52 4°67 
Suspended solids - = : a - = — — 75 
Soluble solids -~— - - - - - : - - “= 105°7 
Number of samples analysed for the average = 4. 
OpEN SEPTIC AND DouBLE Contact PRrocEss— 
Average daily flow through the tanks - - - : - - - - - 24 hours’ flow. 
Amount of septic sludge removed during the month - : - . - - none. 
Amount of sewage treated by the process’ - - - - - . - - 80,575,000 gallons. 
Average Analysis of Tank Liquor, 
————_—- — | Best. | Worst. | Average. 
Ammoniacal nitrogen aril - Seltsou § 4 = “<- -~ 1°02 1°23 tts 
; | 
Albuminoid nitrogen - : - : - - : "296 | "419 "357 
| 
Oxygen absorbed from KMnQ, in 4 hours - : . - 6°24 | 6°67 6°45 
| 
Suspended solids- - - - - - - - - - 22°7 | 22°5 22°65 
Soluble solids” - - - - - . - - - 81°0 | 90°8 85°5 
Number of samples analysed for the average = 2. 
Number of times primary bed was filled during month - - “ : ay aD. 
Number of times secondary bed was filled during month  - - - Ber lsd 
Amount of tank liquor treated per cube yard per 24 hours - - - - - 34'S gallons, 


Amount of tank liquor treated during the month wie 2 ; - - - 2,373,000 gallons. 
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Average Analysis of Final Effluent. 








ea aes | Best. | Worst. | Average. 

Ammoniacal nitrogen - - - - - - - - e210 25) ‘202 
Albuminoid nitrogen - - . - - . - - 038 ‘056 047 
Nitric nitrogen - - - . - - - - . 2°28 2°85 2°25 
Oxygen absorbed from KMnQ, in 4 hours - - - - “447 *832 “592 
Dissolved oxygen taken up in 24 hours - - 5% 13% 10%, 

Before - - - - - ‘131 ‘228 172 
Incubator test { 

After - - - = - - - ‘161 265 “198 


Suspended solids s : : : 3. : ss : 


— heavy trace. 





Number of samples analysed for the average = 3. 


EXETER SEeptTic TANK PROCESS— 


Average Gaily flow through the tanks - - - 
Amount of sludge removed during the month - . - - 
Amount of sewage treated by the process - - - - - 


Average analysis of tank liquor— 
Ammoniacal nitrogen - - - - - : - 


- 24 hours’ flow. 
E : - none. 
- 647,400 gallons. 


. - - ‘987 
Albuminoid nitrogen - . . - - - - ‘276 
Oxygen absorbed from KMn0, i in 14 hours : - - - - - 4°15 
Suspended solids. - - . - - - 9°0 
Soluble solids - - = - - - - : : : - 85°2 
Number of samples analysed for the average = 1. 
Number of times beds were filled during the month - . - - - - 278 


Amount of tank liquor treated per cube yard per 24 hours - : 


- - 50°5 gallons. 
Average analysis of final effluent— 








Ammoniacal nitrogen S - = - - - - - - - 493 
Albuminoid nitrogen - - - - - = - - - - "090 
Nitric nitrogen - : - . - - - 1°32 7 
Oxygen absorbed from KMn0, i in 4 hours . - - - - : 1°22 
Dissolved oxygen taken up in 24 hours- - . - - oh ee 40% 
Before - - - - - - - - ‘471 
Incubator test { Afi e : f ‘ ; ; : ; j ‘AAO 
Suspended solids” - - - - - - - - - - - 49 
Number of samples analysed for the average = 1. 
Continuous PROCESSES — 
| 
he eg Leeds Whittaker Ducat 
Filter. Filter. Filter. 
Amount treated per cube yard per 24 hours — | 60°9 gallons. — 
| 


Sand 
Unsettled. | Filtered. 


Ammoniacal nitrogen - - - : = "424 "341 — 
Albuminoid nitrogen - - - - - — 135 "079 
1°05 








Nitric nitrogen - - - - - - "920 
‘Oxygen absorbed from KMnQ, in 4 hours — 1°61 "925 


Dissolved oxygen taken up in 24 hours - _ 40% 23% 


Before - - - === “618 314 
Incubator test { 


After - - - : — 628 320 


Suspended solids - - Pe J Dae 9°4 3-7 


Number of samples analysed for the average _- 4 4 
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June, 1904, 





























SEWAGE— Average Analysis of Sewage. 
en Best, | Worst. | Average. 
Ammoniacal nitrogen - : - - - - - 1°92 2°37 1°94 
Albuminoid nitrogen - - - - - - : 2 518 ‘B51 ‘613 
Oxygen absorbed from KMnQ, in 4 hours - ai ara : 8°30 15°4 11°3 
Suspended solids - - - : : . - E = xo 45-0 
Soluble solid - - . : - : - Soe si, — — 112°5 
Number of samplcs analysed for the average = 4. 
PRECIPITATION PROocESS— 
Amount of sewage treated during the month - - - - - ~ - 501,250,000 gallons. 
Amount of lime used during the month - - = ~ - - - 80 tons 19 ewts. 
Amount of sludge dealt with during the month - - - - ~ - 9,173 tons. 
Amount of sludge removed from the works — - - - - - - 347 tons. 
Average Analysis of Tank Liquor. 
= ED ; | Best. | Worst. Average. 
Ammoniacal nitrogen - - - = - - - - 1°90 2°42 2°04 
Albu. oid nitrogen - - - - - - - - "321 845 ‘S17 
Oxygen absorbed from KMnQ, in 4 hours - - - 3°18 640 4°77 
Suspended solids - - - - = 5 - - - —_ — 13°5 
Soluble solids - - - - = ee 2 = — 104°5 
Number of samples analysed for the average = 4. 
X 
Orrn Sepric AND DovusLe Contacr PRrocEess— 
Average daily flow through the tanks) - - - - . - - 24 lours’ flow. 
Amount of septic sludge removed during the month _- -~ - - none. ; ¥ 
Amount of sewage treated by the process - - - - - - 81,125,000 gallons. 
Average Analysis of Tank Liquor. 
eee | Best. | Worst. | Average. 
Ammoniacal nitrogen - 5 a : - - = - 914 1°02 ‘O71 
Albuminoid nitrogen - - . : . - - - ‘305 eye! 308 
Oxygen absorbed from KMnQ, in 4 hours - : - - 5°84. = 5°84 
4 
Suspended solids - - : up - 4 - : - . 33°0 24°4 28°0 
Solbiggeoniee = - - fit - & ade pets a 84°4 87°1 78°5 





Number of samples analysed for the average = 2. 


Number of times primary bed was filled during month - - - 2.44 

Number of times secondary bed was filled during month - “ mead 

Amount of tank liquor treated per cube yard per 24 hours - - - 34°3 gallons. 
Amount of tank liquor treated during the month - = 5 : - 2,267,000. 
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Average Analysis of Final Effluent. 








on | Best. | Worst. | Average. 

Ammoniacal nitrogen . - - - - - = 155° “246 209 
Albuminoid nitrogen a Tes ee oy 024 036 029 
Nitric nitrozen <= {..-0" fy &. ee ae 2°00 1°77 1:88 
Oxygen absorbed from KMnQ, in 4 hours - = - - "392 560 ‘490 
Dissolved oxygen taken up in 24 hours ~ - - - 6% 6% 6% 

Before - - - - - - “aE ‘168 144 
Incubator test { ve 

After - - - - - - : 192 201 "214 
Suspended solids- - - ‘2s (450 -  2-)) Sue = — heavy trace. 





Number of samples analysed for the averge = 3. 


EXeter Septic Tank PRocEss— 


Average daily flow through the tanks - - - : - - - 
Amount of sludge removed during the month - - - . 2 
Amount of sewage treated by the process -~— - Sais . - 


Average analysis of tank liquor— 
Ammoniacal nitrogen - - 
Albuminoid nitrogen - 
Oxygen absorbed from KMn0j in 4 ‘hours ) No further analyses. 
Suspended solids — - - - ‘ 
Soluble solids’ - = -#84 ~- 5 - | 





Number of samples analysed for the average 


Number of times beds were filled during the month - - - - 
Amount of tank liquor treated per cube yard per 24 hours - ae 


Average analysis of final effluent— 
Ammoniacal nitrogen - - - - 
Albuminoid nitrogen - : - - 
Nitric nitrogen 
Oxygen absorbed from KMnQ, i in 4 hours No further analyses. 
Dissolved oxygen taken up in 24 hours. . 
Incubator test - - - - - - 
Suspended solids’ - - - - : 


Number of samples analysed for the average = 


ConTINUOUS PROCESSES— 




















ar ee Leeds Whittaker Ducat 
Filter. Filter. Filter, 
Amount treated per cube yard per 24 hours — |  _63°4 gallons. __ | — 
Sand 
— Unsettled.| Filtered. Same 
Ammoniacal nitrogen - - - - — ‘313 “286 — 
Albuminoid nitrogen - - - - — "182 ‘087 — 
Nitric nitrogen = -- - - - — 116 1°24 — 
Oxygen absorbed from KMnQ, in 4 hours —_ ran ity 1°2] — 
Dissolved oxygen taken up in 24 hours - _ 53% 25% = 
{ Before’ - - - — "750 ‘401 | — 
Incubator test 
\ After jas Me aie a "710 470 ok 
Suspended solids - - . ee — 9°7 31 -- 
of ’ 
Number of samples analysed for the average — 4 4 -- 





a 
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LEEDS—continued. 


SEWAGE— - July, 1904. 


Average Analysis of Sewage. 






































ers | Best. | Worst. | Average. 
Ammoniacal nitrogen - - . - - - - - 1°83 2°15 1°94 
Albuminoid nitrogen - : - - - - - - "506 605 "B55 
Oxygen absorbed from KMnO, in 4 hours - in - 10°6 13°5 10°9 
Suspended solids SS ES a | rt —_ a 56°5 
Soluble solids — - - - - - > - - - _ — 101°5 
Number of samples analysed for the average = 4. 
PRECIPITATION PROCESS— 
Amount of sewage treated during the month - - - - - - 505,750,000 gallons. 
Amount of lime used during the month - - - - - - - 80 tons 11 cwts. 
_ Amount of sludge dealt with during the month - - - - - - 9,558 tons. 
Amount of sludge removed from the works - - - - - - - 52 tons. 
Average Analysis of Tank Liquor. 
a Best. | Worst. | ‘Average. 
Ammoniacal nitrogen - - - ~ - - - - 1°91 2°16 1°92 
Albuminoiu nitrogen - - - - - - - - "314 "432 339 
Oxygen absorbed from KMnQ, in 4 hours - - - - 3°65 4°88 514 
‘Suspended solids co SAE SS oO ee a — | sic 14°5 
Soluble solids - - - - oS - - - ~ ~ 10271 
Number of samples analysed for the average = 
Open SEPTIC AND DouBLE Contact PRocEss— 
Average daily flow through the tanks ~~ - See a) ce = PN - 24 hours’ flow. 
Amount of septic sludge removed during themonth-. -  -  - none. 
Amount of sewage treated by the process - . - - - - 83,270,000 gallons. 
Average Analysis of Tank Iiquor. 
paccarmes | Best. | Worst. | Average. 
Ammoniacal nitrogen - - - - - - - - 1°09 1:07 1°08 
Albuminoid nitrogen - - - - - - : - ‘338 
Oxygen absorbed from KMn‘), in 4 hours - - - - 6°54 7°08 
Suspended solids- —- oon.) oe oe ae ae 21°2 29°0 | 25°71 
Sdiuble solids = - - : - $ - - - - | 79°0 80°8 87:0 





ee 


Number of samples analysed for the average = 2. 


Number of times primary bed was filled during month - = eae 

Number of times secondary bed was filled during month - - =» 4B 

Amount of tank liquor treated per cube yard per 24 hours - = - 32°3 gallons. 
Amount of tank liquor treated during the month - -  - = 2,219,000 gallona 
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Average Analysis of Final Effiuent. 


——s ; | Best. | Worst. | Average, 


| 


Ammoniacal nitrogen - - - - - : = = 141 "195 186 
Albuminoid nitrogen - . - ne - - - 024 ‘041 ‘030 
Nitric nitrogen - - - - - - - - - 1:90 2°00 1°95 





1 

’ 

‘ 

1 
oOo 
o 
He 
=I 
a 


Oxygen absorbed from KMnQ, in 4 hours "454 





' 

' 

‘ 

’ 

| eee j 
~O 
o~ 
~ 
AS 


Dissolved oxygen taken up in 24 hours 4% 
Before- - 2.“ - : - "185 as | “122 
Incubator test 
After - - = - = - = *200 He) ‘162 





Suspended solids- - - - elas - - = a = trace. 





Number of samples analyzed for the average — 3, 


EXETER Septic TANK Process— 


Average daily flow through the tanks - : - 
Amount of sludge removed during the month -~— - : sh tiz 
Amount of sewage treated by the process 


Average analysis of tank liquor— 
Ammoniacal nitrogen - - = . * : 
Albuminoid nitrogen - é ¢ ‘ 
Oxygen absorbed from KMn0, i in 4 hours- - - - - 
Suspended siilids — - : : , F 5 
Soluble solids -~ - - F Sieh ee Ae ete : eg : 


Number of samples analysed for the average = 


Number of times beds were filled during the month = - - -) aw 
Amount of tank liquor treated per cube yard per 24 hours. - - - 


Average analysis of final effluent— 

Ammoniacal nitrogen - . - - = = - _ 
Albuminoid nitrogen - - - 5 - : . 
Nitric nitrogen - 

Oxygen absorbed from KMnQ, i in 4 hours - - 
Dissolved oxygen taken up in 24 hours 
Incubator test - - - - 4 - : 2 : 
Suspended solids - - - - - - : : 


Number of samples analysed for the average = 


ConTINUOUS PROCcESSES— 


a 





Leeds Whittaker Ducat 
Filter. Filter. Filter. 








Amount treated per cube yard per 24 hours 48°8 gallons. _ 62°9 gallons, — 








Sand 





— Unsettled. | Filtered. 


Ammoniacal nitrogen - - - - “494 "251 175 ; — 
Albuminoid nitrogen - ee 3 - 107 ~ #558 045 _ 
Nitric nitrogen - : - - - "898 Toe 1°30 _ 
Oxygen absorbed from KMnQ, in 4 hours 1°40 1°98 "847 | — 
Dissolved oxygen taken up in 24 hours - 1s 36% Ti, — 
Before - - - “500 ac i “252 _ 

Incubator test 
; \ After - = : 542 *828 277 —— 
Suspended solids - - - nt te "85 16 4 9-0 -- 


f 


Number of samples analysed for the average 4 4 4 a= 
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LEEDsS—continued. 
SEwWAGE— August, 1904. 


Average Analysis of Sewage. 


























———- Best. | Worst. | Average. 
Ammoniacal nitrogen - - - : - eae 1°40 1°58 1°68 
Albuminoid nitrogen - - - - - : - - 309 "655 592 
Oxygen absorbed from KMnQ,in4hours- - -_ - 5°70 14°0 9°52 
Suspended solids - : , = 5 2 . . ya _ 33°5 
Soluble solids - - = - er ‘ a vs a 89°7 
Number of samples analysed for the average = 4. 
PRECIPITATION PRocEss— 
Amount of sewage treated during the month - - : - - - 482,250,000 gallons. 
Amount of lime used during the month - - - - - - - 78 tons 9 ewt. 
Amount of sludge dealt with during the month - 5 . - - 11,414 tons, 
Amount of sludge removed from the works” - - “ - - - 324 tons. 
Average Analysis of Tank Liquor. 
ee | Best. | Worst. | Average. 
Ammoniacal nitrogen - — - - . a - - - 1°74 1:90 1°83 
Albuminoid nitrogen - - - : - - - - 197 383 ‘271 
Oxygen absorbed from KMnO, in 4 hours - - - . 1°74 4:00 3°81 
Suspended solids . - - : - - - - _- — 10°2 
Soluble solids - - - . . - - - - — _ 81°2 
Number of samples analysed for the average = 4. 
OPEN SEPTIC AND DousBLE Contact Process— 
Average daily flow through the tanks. - = eee ee, tania - 24 hours flow, 
Amount of septic sludge removed during the month’ - - - - - none. 
Amount of sewage treated by the process - - - - - - - 79,200,000 gallons. 
Average Analysis of Tank Inquor. 
ee. | Best. | Worst. | Average. 
Ammoniacal nitrogen - - - - - - - - ‘969 1°02 "993 
Albuminoid nitrogen - - - - - - - "262 311 286 
Oxygen absorbed from KMnO,in 4 hours- -~— - - 5°71 6°62 617 
Su pended solids ees a Se 26°5 22°4 24°4 
& roO- 
Soluble solids - - - - .- - - - ays 78°0 781 78°0 
Number of samples analysed for the average = 2. 
Number of times primary bed was filled during month - - - = - 38 
Number of times secondary bed was filled during month - - - = $8. 
Amount of tank liquor treated per cube yard per 24 hours - - - - 26°6 gallons. 


Amount of tank liquor treated during the month ~— - - = + = 1,828,000 gallons. 
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Average Analysis of Final EH ftuent. 














—_—— Best. | Worst. | Average. 

Ammoniacal nitrogen - - - - - - - - ‘161 ‘202 181 
Albuminoid nitrogen. - - - : - - - - "034.-, ‘036 035 
Nitric nitrogen - - - - - - - - - 2°00 2°47 2°22 
Oxygen absorbed from KMnO,y in 4 hours - - - - ‘371 548 *460 
Dissolved oxygen taken up in 24 hours - = - - A Ts 4%, 

i Before - : - 7 as "134 "185 : 5P5T 
Incubator test 

( After - - - - - : - 044 “400 “214 
Suspended solids - - - - - - - - . _ — trace. 





Number of samples analysed for the average = 2. 


EXeEterR Septic TANK PRocEss— 


Average daily flow through the tanks - : - - - - _ 
Amount of sludge removed during the month- = - + - 
Amount of sewage treated by the process . a. - - - 
Average analysis of tank liquor— 
Ammoniacal nitrogen = = - ays og ee 
Albuminoid nitrogen Se ee ee gee 
Oxygen absorbed from KMn0yi in-4, hours es = = - 
‘Suspended solids - - - 2 - 
Soluble solids. - - . : : - : 2 m 
Number of samples analysed for the average = 
Number of times beds were filled during the month - - - - 
Amount of tank liquor treated per cube yard per 24 hours - ~~ - - 
Average analysis of final effluent— 
Ammoniacal “nitrogen ---= "=" f=), =, =e ee 
Albuminoid nitrogen - cine Sly” Clos ae eee 
Nitric nitrogen - - - - - <a s 
Oxygen absorbed from KMnQ, i in 4 aoe - - - - 
Diss: lved oxygen taken up in 24 hours” - > - - - 
Incubator test. - - - . - : - - = 
Suspended solids = - - : - - : = 3 é. 
Number of samples analysed for the average = 
ConTINUoUS PROCESSES-— 
Leeds | Whittaker Ducat 
Filter. Filter. Filter. 
Amount treated per cube yard per 24 hours 46°7 gallons. 59°9 gallons. _ 


Sand 
aaa Unsettled. Filtered. pear == 





Ammoniacal nitrogen - - - - "108 ‘203 "123 _ 
Albuminoid nitrogen - - - - ‘038 ‘110 : 041 — 
Nitric nitrogen - - - - - 2°02 1°30 1°40 — 
Oxygen absorbed from KMnQ,in 4 hours - 528 142 *690 a 
Dissolved oxygen taken up in 24 hours - 7% 32% 10% 7 

( Before - - - °207 525 *220 _— 
Incubator test 

| After - - - - "215 “522 *252 - 
Suspended solids’ - tas - - 1°2 141 6°2 be 
Number of samples analysed for the average 4. 4 wu i 
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Average Analysis of Sewage. 


September, 1904, 
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| 


Ss cat etn ntnnnr nnn nnnnnrrnn nnn pn UND 


Ammoniacal nitrogen - 


Albuminoid nitrogen - 


- - - 


Oxygen absorbed from KMnO, in 4hours - 


Suspended solids - 


Scluble solids 





Best. | Worst. | Average. 
1°96 2 32 1°95 
“704 876 ‘718 
11°6 13°3 12°5 
— s 642 
— = wer 








nn ED 


PRECIPITATION PRocESS—~ 


Amount of sewage treated during the month 


Number of samples analysed for the average = 4. 


Amount of lime used during the month - 


Amount of sludge dealt with during the month 


Amount of sludge removed from the works 


Average Analysis of Tank Liquor. 


Se ee ODT 


Ammoniacal nitrogen - 


Albuminoid nitrogen - 


Oxygen aksorbed from KMnO, in 4 hours - 


Suspended solids 
Soluble solids 


| 





Best. 


1°66 
296 
5°60 


- - 10,469 tons. 

- - 274. tons. 

| Worst. | Average. 
Z"02 1°84 
See 313 
6°28 5°48 
— 92 
— 103°8 


- 503,756,000 gallons. 


76 tons 8 cwt. 





I eee 


Open SEpric AND DovuBLE Contact PRrocEss— 


Average daily flow through the tanks 


Number of samples analysed for the average = 4. 


Amount of septic sludge removed during the month 


Amount of sewage treated by the process 


Average Analysis of Tank Liquor. 


- 24 hours’ flow. 
- None. 
82,500,000 gallons. 


~ 


| 


Best. 


nn Eee 


Ammoniacal nitrogen - 


Albuminoid nitrogen - 


Oxygen absorbed from KMn0, in4 hours - 


_ Suspended solids - 


Soltible golids 








Number of times primary bed was filled during month - 
Number of times secondary bed was filled during month 


Amount of tank liquor treated per cube yard per 24 hours 


Number of samples analysed for the average = 2. 


Amount of tank liquor treated during the month - 


1°07 
423 
6°52 
17°8 
95°2 








| Worst. | Average. 
1-21 114 
*350 316. 
6°78 658 
20°5 20°2 
98°5 92°8 
- - 41, 
- - 4), 


29°2 gallons. 
1,942,400 gallons 
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Average Analysis of Final Effluent. 

















—_—— | Best. | Worst. | Average. 

Ammoniacal nitrogen - - - = - - - - 096 192 129° 
Albuminoid nitrogen - z - - - age : - ‘031 ‘058 048 
Nitric nitrogen - - E - - =, Ae - - ies 2°65 2°08 
Oxygen absorbed from KMnQ, in 4 hours - - - "308 B57 464 
Dissolved oxygen taken up in 24 hours” - . - 0% 25% 130; 

i Before - - - - - - - 087 ‘158 135 
Incubator test 

| Aaiter tse 094 187 154 


Suspended solids - : : aie : f me = 





Number of samples analysed for the average =3. 


EXETER Sepric Tank Process— 


Average daily flow through the tanks - . - - : - 
Amount of sludge removed during the month 
Amount of sewage treated by the process - - -~ - ek 
Average analysis of tank liquor— 
Ammoniacal nitrogen - - - - - : 
Albuminoid nitrogen - - - Z - 
Oxyzen absorbed from KMn0, i in 4 hours - . - 


Suspended solids. - - ‘ = s 2 : 
Soluble solids = 2 > : : i 2 G z 


Number of samples analysed for the average = 


Number of times beds were filled during the month = - 
Amount of tank liquor treated per cube yard per 24 hours - - - 


Average analysis of final effluent— 
Ammoniacal nitrogen - - - - - - - - - 
Albuminoid nitrogen - - - - - . - - - 
Nitric nitrogen - - - : - 
Oxygen absorbed from KMn0, in 4 hours | - - - - 
Dissolved oxygen taken up in 24 hours” - - - - - 


Incubator test { peta f - - - b 7’ S " 


Suspended solids - - - - - : : 3 ‘ : 


Number of samples analysed for the average = 


Continuous PRocEssEs—- 





Leeds Whittaker 
Filter. Filter. 


Amounttreated per eh yard per 24 hours 49°9 gallons. 64°4 gaJlons. 





. 


—— Unsettled. Sand 


Filtered. 


Ammoniacal nitrogen : = - - "129 ‘276 214 


Albuminoid nitrogen - > E - 045 ‘107 ‘063 


Nitric nitrogen - - = - - 1°82 1°25 1°41 

Oxygen absorbed from KMnQj in 4 hours "497 1°48 1°02 

Dissolved oxygen taken up in 24 hours - 7% 33% 21% 
f Before “ : u 

Incubator test 

| After - 

Suspended solids” - = : : 


Number of samples analysed for the Average 











heavy trace. 


Ducat 
Filter. 


—— 
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Average Analysis of Sewage. 
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October, 1904. 








—_—_— | Best. | Werst. Average. 
: — | : 
Ammoniacal nitrogen - - - . : . - - De | 1:96 | 2°02 
Albuminoid nitrogen - - - - - - - - ‘691 Try 833 
Oxygen absorbed from KMnO,in4hours- - -— - 9°47 15°4 Ts Oe oe 
Suspended solids - - - - - - - - — — 74°8 
Soluble solids -— - - - - - - - : — — 111°5 





PRECIPITATION PRocESs— 
Amount of sewage treated durirg the month - - : - - 
Amount of lime used during the month - - - - m 


Amount of sludge dealt with during the month - - - - 











Number of samples analysed for the average = 4. 





- 516,000,000 gallons.. 


- 18 tons 1 ewt. 








- 7,788 tons. 
Amount of sludge removed from the works - - - - - - 288 tons, 
Average Analysis of Tank Liquor. 
=e | : Best. | Worst. | Average. 

Ammoniacal nitrogen - - - - : - - - 1°98 | 2°05 2°08 
Albuminoid nitrogen -~— - : - - - - - 370 ‘568 "418 
Oxygen absorbed from KMnQ, in 4 hours - - - 5°54 7°62 612 
Suspended solids, Oar ae Shad ee i _ — 12°4. 
Soluble solids. - - : aay Ze : - - a — — 102°4 











Number of samples analysed for the average = 4. 


* 


- OPEN Septic AND DousLe Contact PRrocEss— 
Average daily flow through the tanks - - ie ~ 
Amount of septic sludge removed during the month - . 


Amount of sewage treated by the process - -~ - ae 


Average Analysis of Tank Liquor. 


- 24 hours’ flow. 


= none: 


- 85,250,000 gallons 




















ee | Best. | Worst. | Average. 
, | | 
Ammoniacal nitrogen - - - - - : - - |: 1°25 1°41 1°32 
Alfimincidnitrogen- - - - ~- - : | ‘483 ‘493 "489 
Oxygen absorbed from KMn0O, in 4 hours - - - : 6.87 — 6.87 
; | 
Suspended solids- -~— - ey - | 28°7 | 20°5 24°5 
Solublesdtids - - - - See he a) Ae «OI | 970 94.8 
J ! 
Number of samples analysed for the average = 2. 
Number of times primary bed was filled during month - , . =~" AS 
Number of times secondary bed was filled during month = - - 43. 


Amount of tank liquor treated per cube yard per 24 hours -~— - = 
Amount of tank liquor treated during the month- - -~ - 
6225—Ap. I. 


- 29°2 gallons. 
- 2,009,000 gallons, 


2@ 
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Average Analysis of Final Effluent. 









































ee | Best. | Worst. Average. 
Ammoniacal nitrogen - - - - - ; - - 7128 ‘116 129 
Albuminoid nitrogen - - - - - - - - 031 U4] 034 
Nitric nitrogen = - - : - . - - - - 2°45 2°84 2°40 
Oxygen absorbed from KMnO, in 4 hours - - - . "441 338 417 
Dissolved oxygen taken up in 24 hours - = - - re, 13% 6% 
(Betree? 9 100 160 120 
Incubator test 
(After .-. 92 62 ee 077 140 137 
Suspended solids - - = : - - - : — —_ trace. 
Number of samples analysed for the average=3. 
Exeter Septic TANK PRocEss— 
Average daily flow through the tanks - - - - - - 
Amount of sludge removed during the month - - - 
Amount of sewage treated by the process - - - - - 
Average analysis of tank liquor— 
Ammoniacal nitrogen - - - - - - - 
Albuminoid nitrogen - - - - 
Oxygen absorbed from KMn0, i in 4 hours - . - 
Suspended solids - - - . 
Soluble solids - - - - - - - - 
Number of samples analysed for the average= 
Number of times beds were filled during the month  - - - 
Amount of tank liquor treated per cube yard per 24 hours - - 
Average analysis of final effluent— 
Ammoniacal nitrogen - - - : . - - 
Albuminoid nitrogen - - - - - - - 
Nitric nitrogen - - - - 
Oxygen absorbed from KMnQ, i in 4 ‘hours - - : 
Dissolved oxygen taken up in 24 hours - - - 
Before - - - . : - 
Incubator test After icp ta FER ck ‘ 
Suspended solids - : - ° - - - - 
Number of samples analysed for the average= . 
ConTINUOUS PROCESSES— 
Loe Leeds Whittaker Ducat 
| Filter. Filter. Filter. 
Amount treated per cube yard per 24 hours 49°9 gallons. 64 gallons. a 
Sand | : ‘ 
Bate Ins Sage ee 
Unsettled. Wiltexed: 
Ammoniacal nitrogen : - - "155 "344 244 — a 
Albuminoid nitrogen - - - "052 "142 ‘079 -- 
Nitric nitrogen - - - - - 2°17 1°32 157 -- 
Oxygen absorbed from K MnO, in 4 hours "605 1°65 1°09 - 
Dissolved oxygen taken up in 24 hours - 10% 26) 2 10% — 
f Before - - - “220 ‘660 "420 = 
Incubator test 
| After - - - - 241 570 347 — 
Suspended solids - - < 4 . a 12°] 4°2 = 
ft J P 
Number of samples analysed for the average 4 4 4 fix. 





ROYAL COMMISSION ON SEWAGE DISPOSAL, ; 30T 


LEEDsS—continued. 


November, 1904. 


SEWAGE— 


Average Analysis of Sewage. 











a | Best. | Worst. | Average. 
Ammoniacal nitrogen - - - - - - aay i 2°09 2°28 DAA 
Albuminoid nitrozen - - : : i - - - 617 "889 "759, 
Oxygen absorbed from KMnQ, in 4 hours - - - 124 8°91 115 
Suspended solids - = panies: = HEH - - - — _ 73°0 
Soluble solids - - mls = : - - ~ —- Mie 110°8 





Number ot samples analysed for the average = 4. 


_ Precrprration PRocEss— 


Amount of sewage treated during the month - - - - - - 486,250,000 gallons. 
Amount of lime used during the month - - - - - - 78tons 19 cwt. 
Amount of sludge dealt with during the month - - - - =, 11,105. tons, 
Amount of sludge removed from the works - - - - - 4652 tons. 


Average Analysis of Tank Liquor. 














A | Best. | Worst. | Average. 
Ammoniacal nitrogen - - - : - site ae or 2°16 2°12 QiG 
Albuminoid nitrogen - = - - - . - "395 530 "419 
Oxygen absorbed from KMnQ, in 4 hours aL kee eis * 5°90 5°50 
hy ~ - 20°8 


Suspended solids - - - : 


Soluble solids - -~— - - - = ae ae zat ee 89-7 
neers ere ee 
Number of samples analysed for the average = 4. 


Open Sepric AND DousLe Contract. PRocEsSS— 


Average daily flow through the tanks - - - - . - - 24 hours flow. 
Amount of septic sludge removed during the month — - . -. none. 
Amount of sewage treated by the process - : - - - 79,062,000 gallons. 


Average Analysis of Tank Liquor. 





Srna nn 
a | Best. | Worst. | Average. 
Ammoniacal nitrogen - - - . - - 1-08. 1°29 1°18 
Albuminoid nitrogen —s - - “ - - - - "364 - 493 429 
Oxygen absorbed from KMnQ, in 4 hours - . - 6°64 6°62 6°62 
Suspended solids Saini ° ‘ . : : - 29°2 18°1 23-7 
Semmemidge ss a fe Eg he IL TDD 98°8 85°0 
ee 
Number of samples analysed for the average = 7. 
Number of times primary bed was filled during month - é : AS: 
Number of times secondary bed was filled during month - - <n ds, 
Amount of tank liquor treated per cube yard per 24 hours - - - 27° gallons. 
Amount of tank liquor treated during the month -— - + = 1,827,009 gallons. 
2Q2 


6225—Ap. L 
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Average Analysis of Final Hffiuent. 






































ee | Best. Worst. | Average 
Ammoniacal nitrogen -  - - -— - Spree ik "168 "125 141 
Albuminoid nitrogen - - <a ‘038 ‘038 ‘038 
Nitric nitrogen - - = - . - Pay | 2°20 2°40 
: * 
Oxygen absorbed from KMnQ, in 4 hours : ‘095 "345 267 
Dissolved oxygen taken up in 24 hours - 10% 24% 17% 
[ Before - - - = “080 088 090 
¥Incubator test = - 
After 7.060 acu pele 020 044 ‘051 
Suspended solids - - ea - - - - == o29 trace. 
Number of samples analysed for the average = 3. 
EXETER Septic Tank Process— 
Average daily flow through the tanks - - 
Amount of sludge removed during the month - - 
Amount of sewage treated by the process - - 
Average analysis of tank liquor— 
Ammoniacal nitrogen - : - s : é 
Albuminoid nitrogen : : - ; 
Oxygen absorbed “from KMn0, it in n4 hours - - - 
Suspended solids - - E - 
Soluble solids - - : - - - “ - 
Number of samples analysed for the average= 
‘Number of times beds were filled during the month- - - - 
Amount of tank liquor treated per cube yard per 24 hours - : - 
Average analysis of final effluent— 
Ammoniacal nitrogen - : : - : F - 
Albuminoid nitrogen : ‘ 
Nitric nitrogen - 2 5 
Oxygen absorbed from KMn0, ir in 4 hours - - 
Dissolved oxygen taken up in 24 hours : - 
Incubator test Before eo wae ; ¥ E 
; After - - - - : = 3 
Suspended solids - - - - : - - : 
Number of samples analysed for the average= 
ConTINUOUS PROCESSES— 
| Leeds Whitaker Ducat 
| Filter. Filter. Filter. 
| ’ 
Amount treated per cube yard per 24 hours. 48 gallons 62 gallons. so 
a Tae Sand ork 
ty nsettled. Filtered. 
Ammoniacal nitrogen - . : : ol "5D7T peg ES — 
Albuminoid nitrogen - : : : 081 142 ‘076 -- 
Nitric nitrogen - - : .- we 1°84 1°62 1°75 * — 
Oxygen absorbed from KMnO,in4 hours - |, *‘5AT 1°55 “800 — 
Dissolved oxygen taken up in 24 hours - | 7% 21% 6% — 
{ Before.- => - @2 aaa "250 "595 "B05 = 
Incubator test | 
| After: - -Sue aaa 131 435 204 = 
Suspended solids - - - Me - | 130 16°2 84 fae 
Number of samples analysed for the average 2 4 4, 4 ~- 











SEWAGE— 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 
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December, 1904. 











Suspended Solids 


Average Analysis of Sewage. 
——— | Best. | Worst. | Average. 
Ammoniacai nitrogen - - - - - - . - 1°98 | page 2°29 
Albuminoid nitrogen - : : - - - - ‘631 12) 929 
‘Oxygen absorbed from KMnQ, in 4 hours - - - - 14°7 14°6 14°5 
. - - - : - - - — — 517 
x 2 Z Z s = * = — — 106°0 


Soluble solids = - 











PRECIPITATION PROCESS— 


Number of samples analysed for the average = 4. 


Amount of sewage treated during the month - 


Amount of lime used during the month 


Amount of sludge dealt with during the month 


Amount of sludge removed from the works 


Average Analysis of Tank Liquor. 


501,250,000 gallons. 
78 tons 18 ewts. 
8,590 tons. 


575 tons. 





| 








Ammoniacal nitrogen - 


Albuminoid nitrogen - 


Oxygen absorbed from K MnO, in 4 hours - 


Suspended solids 


Seluble solids = - 





Open Septic AND DousiE Contact PROCESS— 


Average daily flow through the tanks 











Number of samples analysed for the average = 4. 


Amount of septic sludge removed during the month - 


Amount of sewage treated by the process - 


Average Analysis of Tank Liquor. 











Ammoniacal nitrogen - 


Albuminoid nitrogen - 


Oxygen absorbed from KMnQ, in 4 hours 


Suspended solids - 
Soluble solids - 





Number of times primary bed was filled during month 


Number of times secondary bed was filled during month - 











Number of samples analysed for the average = 1. 


Amount of tank liquor treated per cube yard per 24 hours - 


Amount of tank liquor treated during the month 





Best. | Worst. | Average. 
1556 2°24 1°88 
*330 ‘617 "431 
5°34 8°95 5°78 
es a 19°7 
= — 97°4 
ol. te RB os oe a eee 
- - - 24 hours flow. 
LS sir 1,482 tons. 
: & - $2,500 000 gallons. 
Best. Worst. | Average. 
= —- | 2°05 
“ a "580 
aus = 6°55 
ah ae 26'8 
ae = 88'1 
- - 46. 
- - - 46. 
ees Sot gallons. 
- + = 1,865,000 gallens. 
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Average Analysis of Final Effiuent. 











eats eet : : | Best. | Worst. Average. 





Ammoniacal nitrogen 


Albuminoid nitrogen - . - : - . . - "022 043 034 


Nitric nitrogen - . - . : - . 2°37 2°61 


184 224 175 
| 241 
| 





Oxygen absorbed from KMnQ, in 4 hours - - - "245 | "481 ‘S51 


Dissolved oxygen taken up in 24 hours” - 42% 57% (iy 


Before’: | =)" 5) aoe eee ‘085 "155 ‘111 
Incubator test 


After - - - = = : 2 000 200 095 


Suspended solids - - Ace - - - . - — | — trace. 





Number of samples analysed for the average = 3. 


EXETER Septic TANK ProcEss— 


Average daily flow through the tanks . - - - ; - - - 
Amount of sludge removed during the month  - - - : - - 
Amount of sewage treated by the process - . - - . - - 


Average analysis of tank liquor— ' 
Ammoniacal nitrogen - - = ae ar . P Meg eee tS 
Albuminoid nitrogen - . - = : : = : \ : 
Oxygen absorbed from KMnOQ, in 4 hours. - : z : : : y 
Suspended solids -- - 2 < 5 i “3 i 2 2 3 
Soluble solids - “ : s = < aces 4 : i 


Number of samples analysed for the average = 


Number of times beds were filled during the month - 
Amount of tank liquor treated per cube yard per 24 hours 


Average analysis of final effluent— 
Ammoniacal nitrogen - — - ee ee eee 
Albuminoid nitrogen - - - - st ateenh : s : : 
Nitric nitrogen - - - - - 
Oxygen absorbed from KMnOQO, in 4 hours” - - 2 = : : z 
Dissolved oxygen taken up in 24 hours - - . - - -- - - 
Incubator test- - “ : : . 2 2 E : 3 , 3 
Suspendid solids - : : . = : - - : i 


' 
‘ 
i) 
' 


Number of samples analysed for the average = 


CoNTINUOUS ‘PROCESSES— 





Leeds Wittaker 
Filter. Filter. 


Ducat 
Filter. 





Amount treated-pe1 cube yard per 24 hours 48'8 gallons. 62°9 gallons, 








Sand 
— Unsettled. Filtered. 














Albuminoid nitregen = - - . - 094 126 ‘064 





Nitric nitrogen - : - - - 2°14 1°91 2°30 


Oxygen absorbed from KMnQ, in 4 hours 614 1°75 1°04 





Dissolved oxygen taken up in 24 hours - 14% e272". 126, 


{ Before <2" 5 exes "224 "624 "368 
in ubator test { 
leA fier.” se. os : "228 561 *302 


Suspended solids - - nF ie - OT 16°8 571 





Ammoniacal nitrogen - - - - 419 ‘275 272 = 
Number of samples analysed for the average 4 4 awa 


Reins | 
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Mn. A. H. Varentine, M.Sc., called in; and Examined. 


22381-2. (Chairman) You are Mr. A. H. Valentine, 
Chemist to the Oldham Corporation, and you have 
attended here to-diy to give evidence with re- 
gard to your experience in the treatment of sewage, with 
particular reference to the Oldham sewage works ?— 
Yes. 


22383. What is the general character of the sewage 
treatment at Oldham?—lIt is simple sedimentation 
followed by sing]: contact. 


22384. Has the flow of sewage to the Oldham works 
been gauged? If so, what is the average number of 
gallons delivered at the works per day of 24 hours in 
dry weather in winter and in summer ?—Yes, 
the flow has been gauged. In the winters of 1903-4 the 
average fiow was 3,352,230 gallons; in the summers 
2,265,900 gallons. 


22385. What is the maximum dry weather rate of 
flow, and at what hour does this occur ?—The maximum 
rate is about 6,700,000 gallons per 24 hours, and this 
occurs be'ween 6 ard 7 p.m. 


22386. What is the minimum dry weather rate of 
flow, and at what hour does this occur ?—The minimum 
rate is about 750,000 gallons per 24 hours, which occurs 
between 4 and 5 am. 


22387. What is the maximum wet weather rate of 
flow which you have observed coming to the works, 
and during how many hours has this continued ?—For 
about one hour the rate was 36,000,000 gallons per 24 
hours. At a slightly lower rate, say about 32,000,000 
gallons per 24 hours, the flow has continued for about 
three hours. 


22388. What is the largest number of gallons of 
sewage which have passed the last storm overflow and 
come to your works in 24 hours ?—Between 24,000,000 
and 25,000,000 gallons. 


22389. Can you say what is the volume of water in 
gallons represented by the average yearly rainfall on 
the drainage area ?—Taking the average yearly rainfall 
as 50 inches, and the drainage area as 4,729 acres, then 
the volume in gallons would be (assuming 6} gallons 
equals 1 cubic foot) about 5,300,000,000 gallons. 


22590. Can you give the Commission an approximate 
statement as to the volume of sewage-which comes to 
your works during the year ?—In 1903, when the rain- 
fall was 63-6 inches, the volume of sewage was 
'2,062,406,000 gallons ; in 1904, when the rainfall was 
42-45 inches, the volume was 1,682,954,000 gallons. 


22591. Is there any infiltration of subsoil water into 
the sewers, and, if so, does it occur regularly, or does 
it vary with the seasons or with the state of the 
weather ?—Yes, the amount varying with the character 
of the weather. After continued wet weather there is, 
roughly speaking, an infiltration of more than two 
million gallons per diem. After a lapse of two to three 


weeks, with dry weather intervening, the infiltration 
is practically nothing. : 

22392. How many gallons of trade effluents enter the 
sewers daily (24 hours), and what is the nature of 
these effluents? Do you find that they interfere with 
the process of purification by reason of their quality, 
variations in composition, fluctuations of volume or 
otherwise +—Only a small volume of trade effluent 
enters the sewers. There is, on rare occasions, a 
small volume of dye waste to be observed, likewise 
dirty lubricating oil sent down by large ironworks in 
the town. The most objectionable trade waste, if it be 
correct to term it trade waste, is the black matter— 
partly liquid, partly solid—which is received from mill 
lodges or reservoirs. This waste is simply an over- 
septicised, stagnant, and extremely concentrated 
sewage, containing an abnormal amount of black foully 
smelling sludge. As a rule, this matter is sent down 
the sewers during the week end, more particularly in 
summer time, and previous to and during holidays. 
It exercises an adverse effect upon the filters, an in- 
fluence which is exercised for several days with detri- 
ment to subsequent efficient action. It would be im- 
possible, I think, to give the volume thus sent down. 
However, it is relatively small, compared with the 
general flow. I have made no special analyses of the 
sewage at the particular time at which this waste 
arrives, but I have found that the oxygen absorption 
for the day’s sewage has very considerably increased on 
such’ a day. The wastes from slaughter-houses and 
tripe-dressing establishments are only noticeable for 
the amount of small particles of coagulated fat. This 
is arrested, either in the detritus pits or in the fore 
parts of the settlement tanks. This waste, otherwise, 
has no objectionable feature. 


22393. In dry weather what is the average amount 
of suspended matter in the Oldham sewage, and what 
are the highest and lowest figures, in parts per 100,000 ? 
—Taking dry weather to mean days witheut rainfall, 
the whole of 1903 and 1904 included, the average 
amount of suspended matter in parts per 100,000 in 
Oldham sewage was 47:9. The minimum was 10; the 
maximum 188-6. The former was obtained on the first 
fine day after continuous rain late in 1903, and the 
latter was due to the before-mentioned cause—the 
emptying of mill lodges. 

22394. What is the physical character of «these 
solids ?—The solids generally are in a fine but flocculent 
condition. They are for the most part, I should say, 
of the nature of disintegrated cellulose (paper and 
waste cotton), and also of dissociated fats and soaps. 


22395. Can you give us average analyses of the Old- 
ham sewage for the years 1903 and 1904 in summer and 
in winter ?—These analyses, in grains per gallon, are 
to be found in the monthly returns which I have handed 

















—— Amm. N, Alb. N. | Pech 
Summer . 348 847 10°39 
Winter 2°86 694 8°46 











in. The figures, in parts per 100,000, are :— 
Oxyzen from 
Oxygen from| Dissolved | (MnO, corre-| Suspended 
KMn0O.,. Oxygen. sponding to Solids. 
preceding. 

— — | _ _ 

6°40 10°51 UW 58°0 

4°80 6°77 5°44 | 44°5 











22596. Is it a strong sewage, and, if so, what charac- 
terises its strength, and does its strength vary very 
much from hoar to hour or on different days of the 
week ?—Apart from Monday and Tuesday, and occa- 
sionally Wednesday, I am inclined to say that Oldham 
sewage might be classed as “ weak.” On the first three 
working days of the week there is a very great amount 
of soapy and fatty matter—the suspended golids in the 
sewage are generally high on these days. These days, 
especially Tuesday, seem to be utilised as domestic 
“washing” days. In dry weather, the afternoon 
sewage on these days is quite white when looked at in 
bulk. This liquid, when settled, is difficult to purify, 
and only a few of the oldest and most efficient filters 
are able to cope with it. I have also noticed on Tues- 
days that a fair amount of coagulated fat comes down 
the main sewer.' The greater part of this is probably 
sent down by tripe dressers. 





22397. How dco you think “strength” of sewage as 
affecting purification is best expressed or measured ?— 
By the chlorine content, and. the amount of oxygen 
absorbed in four hours from acid KMnO.. 


22398. Have you any information as to the bacterie- 
logical condition of the sewage ?—No. 


22399. Are there any chemical poisons in the sewage? 
—I think not. Very rarely I have noticed an 
odour of carbolic acid and tarry substances in the 
sewage. 


22400. Is the sewage always alkaline?—I test our 
liquors occasionally. Litmus is not affected. The 
sewage and tank effluent are both alkaline to Methyl 
Orange, and slightly acid to Phenol Phthalein. This 
is probably due to the presence of Ammonium Car- 
bonate and an excess of CO: in solution. 


Mr. A. H. 
Valentine, 
M.Sc. jj 

11 May 1906. 
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22401. Do you find that the amounts of suspended 
solids are increased or diminished in times of storm ; 
and can you give the Commission the figures ‘at the 
end of each hour during a storm of some hours’ dura- 
tion ?—It almost invariably happens that, for some 
hours, the length of time depending upon the intensity 
of the rainfall, the amounts of suspended solids in a 
sewage are greatly increased. As time goes on the 
amounts decrease, until they are at length appreciably 
less than in normal flows. JI may possibly have some 
figures to hand in later on. 


22402. How many years ago were your sewers laid, 
and do you know whether they have sunk much in 
places so as to allow solids to accumulate ?—Every- 
thing points to the fact that the sewers have sunk in 
places, thereby allowing solids to accumulate. The 
reasons in support of such a statement are (1) the com- 
paratively large amount of sub-soil water obtaining 
access to the sewers ; (2) the great amount of suspended 
solids brought down during the earlier periods in times 
of small rainfall; (3) the suspended solids in the first 
part of a storm sewage are not of a ferruginous nature. 
The detritus of Oldham streets is of this character. 


22403. What is the character of the liquid part of 
the sewage in storm times? Perhaps you could illus- 
trate your answer by analyses of the liquid portion of 
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the sewage in dry weather and in storm times:?—I have 
made a few special analyses of the liquid part of the 
sewage in storm times. Judging by the smell, the 
appearance, the difficulty evinced by the filters in deal- 
ing with the first portion of settled storm sewage after 
a period of dry weather, and the results of certain | 
analyses, I have come to the conclusion that this por- 
tion of a storm flow, apart from its suspended matter, 
is a very polluting liquid, and that in spite of dilution 
of the sewage during the earlier portion of a storm 
under the above-mentioned conditions, this dilution 
is more then neutralised by the impurity brought into 
solution by the storm water. As regards the succeed- 
ing portions there is no doubt that the suspended 
solids account for by far the greater part of impurity. 

In a few cases the experiments were done both with 
settled and filtered sewage. 

The following figures give the results of half-hourly 
analyses of raw storm sewage, and the corresponding 
filtered (through filter paper) samples for a glight 
storm of about 53 hours’ duration, after a week’s dry 
weather. The sample taken at 9.30 p.m, on Saturday 
is one taken some ‘few minutes before any 
storm water had apparently put in an appearance at 
the Outfall works. Under ordinary circumstances 
the sewage taken late on Saturday evening is a weak, 
purely domestic sewage. 


PARTS PER 100,000. 





Raw Sewage. 


Filtered Sewage. 





4 hours O. absorption 
from KMnO,. 





9.30 p.m. - - - 2°97 
(first sample of storm water) 

10.0 p.m. - - - - 8°51 
10.30 p.m. . : : 8°64 
11.0 p.m. - . - - 5°94 
12,30 p.m. se ees 8-67 
12.0 midnight - 8°29 

12. 30. ang Wate a ee 5°76 

1:0 am.) ane - 5°60 

4°77 


1330's inte ee -- - 


; Rate of flow per 24 hours. 
4 hours O. absorption 
from KMnQ,. 








1-74 about 2,800,600 
2-03 , », 14,000,000 
2°20 » 16,000,000 
iT », 12,000,000 
1°89 », 12,000 000 
1°60 », 9,000,000 
1:46 AB 6,000,000 
1°46 », 5,000,000 
151 4» 3,500,000 














The following are 


typical analyses of samples of sewage and tank effluents during fairly wet weather :— 


OXYGEN ABSORPTION TEST.—Parts per 100,000. 














ee se Raw. 
Sewage - - - - - 3°16 
Morning’s tank effluent — - - - 1-70 
Evening’s tank effluent : - 3°09 
Sewage - - - 3°50 
Morning’s tank effluent : - 3:00 
Evening’s tank effluent 3°07 
Sewage : - - 3°37 
Morning’s tank effluent 2°00; 
Evening’s tank effluent sales 2°83 


Settled. Filtered. 


2°27 








- 173 
0°87 
1°60 








Aes me = ress 
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The following are typical analyses of samples of sewage and tank effluents after a few days’ fine weather :— Mr. A. H. 
é Valentine, 
TuirpD Day AFTER RAIN. MSc. 
cree | Rav. Settled. Filtered. 1] May 1905. 
| 
Sewage - - : - - - 11°47 _ 3°29 
Monday’s 
Morning’s tank eflluent - -~ - 3°81 _— 2°33 “ washing-day ” 
sewage. 
Evening’s tank effluent - - 6°50 _ 3°86 


nnn ns —_—$—$.3$ $$ 


4 TirtH DAY AFTER RAIN. 











—_— Raw. Settled. Filtered. 
I 
Sewage - . - - - - - 5-46 3°74 2°46 
Morning’s tank effluent Pate 3°86 3°50 2-27 
4°89 4°46 2°64 


Evening’s tank effluent - - - 





The following are analyses of samples of storm water taken during storm on April 4th, 1905 :— 
RESULTS IN PARTS PER 100,000. 
a a a a SIRE eT Ba a a a a ca a 


O. absorption O. absorption 





4 hours from K MnO, | 4 hours from KMnQ,. Rate of flow in gallons Time 
per 24 hours. y 
Raw Sewage. Filtered Sewage. 
4°60 1:99 6,480,000 10.20 iat 
(immediately previous to 
first flush of storm water) 
6°83 2°54 8,880,000 10.50 
77 4°25 14,160,000 11.20 
10°31 2°77 15,360,000 12.20 p.m. - 
714 2 86 21,120,000 1.20 
7:14 2°30 19,680,000 2.20 
10°31 1°56 22,080,000 3.20 
10°74 1°67 21,120,000 4,20 
6°97 199 9,600,000 5.20 
5°87 2°61 8,160,000 6.20 
6°97 3 41 6,000,000 7.20 
13°91 270 5,280,000 8.20 
4°71 227 4,340,000 9.20 


ae 


92404. In what way or ways do you think the sewage 
which comes to the works should be dealt with in 
storm times? Perhaps I should amplify this question 
a little. The usual requirements of the Local Govern- 
ment Board are, I understand, that any increase in 
flow up to three times the normal dry weather rate 
should be fully dealt with by the ordinary complete 
plant, and that a certain number of additional 
dilutions—up to a total of six—should be treated on 
special storm filters. Do you think these are proper 
requirements, or do you think they should be modified 
in any way? It is, I believe, often found that the 
storm sewage which first comes down to the works con- 
tains a largely increased amount of suspended solids, 
and I should like to know whether you consider that your 
ordinary (dry weather) plant is exposed to damage in 
any way—as, e.g., rapid choking—by having to deal 
with this amount of storm sewage, and whether you 
think it would be better to adopt some other treatment. 
Although the storm sewage, including the suspended 
solids, is a very polluting liquid, possibly the liquid 
portion alone is not very polluting, and this suggests 
that settlement of all the sewage arriving at the works 


6225—Ap. I. 


in time of storms in tanks for a few hours, after, pos- 
sibly, the addition of chemicals, might perhaps be a 
better plan of treatment than passing a portion of it 
through the ordinary plant, and the balance through 
storm filters. Would such settlement alone be suffi- 
cient for the whole of the sewage arriving at the works 
in times of storm? I should be glad if you would 
state your views fully on this question, and if you 
would also tell the Commission what number of dilu- 
tions you think it practicable to treat in one or another 
way ?—I am not favourably inclined towards the arbi- 
trary rules affecting the treatment of storm water laid 
down by the Local Government Board, although I 
fully appreciate the difficulty that would probably 
arise were such rules not to obtain, in respect of cases 
in which sewage works are controlled or managed by 
unintelligent working foremen. This condition ot 
things is more often than not in the case of the smaller 
sewage works. As the detailed question suggests, the 
first portion of storm sewage, especially after a period 
of dry weather, is of a very polluting nature. I wouid 
send all such sewage, even though it were in volume 
above six times the normal flow, partly through the 
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ordinary settling tanks, and partly—the greater portion 
—through special storm tanks of considerable capacity, 
with or without chemical treatment as one thought fit. 
This first portion I would treat by the ordinary method 
—if the contact system were in use—adopted in dry 
weather—that is, by contact in filter beds for a certain 
number of hours. Should the storm continue it would 
be quite sufficient to run the subsequent highly diluted 
and settled sewage continuously through certain filters— 
such filters need not of necessity be used solely for such 
a purpose. They could be treated occasionally with 
weak settled (or precipitated) sewage during dry 
weather in order to keep them “in condition.” I think 
it would be advisable to have such storm filters in re- 
serve so that in cases of emergency the majority of such 
filters would be at one’s instantaneous service. There 
are times, in the early morning especially, after a pre- 
vious heavy rainfall, when I have found that the raw 
sewage, even though it be flowing at only about three 
times the normal rate, is a non-putrescent liquid. Such 
a liquid probably deteriorates in character by sending 
it through settling tanks already containing a fair 
amount of sludge, and it would be preferable if it were 
possible to turn this liquid directly into the ordinary 
watercourse. There can be no doubt that the greater 
portion of such a sewage is subsoil water. It would 
then be unnecessary labour, etc., to run such sewage 
through settling tanks and subsequently upon filters. 
As regards the question of choking, there seems to me 
little risk of that. I have noticed no falling off in 
capacity when the ordinary filters have been requisi- 
tioned as storm filters. Of course, the sewage has had 
a preliminary settlement, which, at any rate, has re- 
moved the coarser suspended solids. It is from these 
that the danger of choking might arise. The addition 
of chemicals, such as copperas or one of the proprietary 
precipitants, might cause or facilitate the settlement of 
the very. finely-divided suspended matter, but I cannot 
speak with certainty on this point. In Oldham sew- 
age the greater portion of this finely-divided matter 
still remains in suspension, even after 12 hours’ stand- 
ing in a bottle } and as this matter is entirely mineral- 
ferruginovs—xs it avises from the finer particles of mill 
ashes used for various purposes in the construction 
and maintenance of Oldham streets, I see no reason 
why one should remove or even attempt to remove 
such. -Hence I should not advocate the use of chemical 
precipitants during the later portion of a storm flow. 


22405. What are your views with regard to storm 
overflows ?—It would be best, in my opinion, which is 
based mainly on theoretical knowledge, if there were 
only one overflow on any system of sewers. This Over- 
flow I should prefer to be of a movable pattern, situated 
at the end of the main sewer adjacent to the sewage 
disposal works. It might be advisable, and even neces- 
sary in the case of a scattered or hilly district, espe- 
cially in a district with a high rainfall, to have addi- 
tional overflows along the sewage system, otherwise 
the drains must be, of necessity, of an inordinately large 
size. In this particular case overflows might best be 
placed at or near the end of the branch main sewers 
serving the several and separate colonies of streets. 
It would apparently be impossible to utilise movable 
overflows in such positions. Where a relatively large 
volume of subsoil water finds entrance to the sewers in 
a short space of time owing to the peculiar geological 
formation and nature of the strata underlying the sur- 
face, perhaps additional overflows in connection with 
the branch sewers might be necessary. This necessity 
might be overcome by placing small drains below the 
sewers to draw off water of this nature. As regards 
the form of overflow serving the sewers before the out- 
fall works are reached, I know of none which is rela- 
tively superior to others, and I see no end to be served 
in adopting a standard form of overflow. At the out- 
fall works I prefer a movable sluice, so, fixed that the 
overflow invariably. finds its way over the top. 


22406. Do you think the number of dilutions at 
which storm sewage may properly be allowed to pass 
into the stream. should be dependent upon the size and 
nature of the stream into which the storm sewage 
would pass? Is it possible, for example, that in some 
circumstances no injury to the stream would be caused 
by allowing overflows to come into operation when the 
increased flow was slight while in others this would 
not be the case?—I assume that streams other than 
those utilised for drinking purpoges are in question. I 
think that whatever the condition or size of stream 
the nature of the storm sewage, whether treated or not, 
should be of a good nature—that is, it should have no 
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odour reminiscent of sewage; it should pass the in- 
cubator test, and it should have practically no coarse 
suspended matter. The greater portion of the sus- 
pended matter should be of an inorganic nature, other- 
wise it is probable that the second condition will not | 
be fulfilled. As regards the condition of the stream 
higher up, if:bad, that would be a matter requiring | 
consideration from above-stream authorities. It is 
quite possible, as the question suggests, that in some 
circumstances—and here one’s thoughts naturally 
alight on the case of non-manufacturing districts—no 
injury would be caused to the stream were the overflow 
or overflows to come into operation when the number 
of dilutions was smaller than the number laid down by 
the Local Government Board. This seems to me a case 
requiring settlement or adjustment by a kind of local 
Rivers Conservancy Board. 


22407. Do you consider that in certain circumstances 
road water should be purified?—Yes, decidedly so; 
the first portion washed down by a storm. 


22408. What are your views as to the comparative 
cost and advantages of the separate and combined 
systems of sewers? Initial outlay as well as annual 
cost should be borne in mind?—I am disposed, from 
knowledge and not from practical experience, to pre- 
for the combined system of sewerage. Naturally the 
great objection, an objection which, however, has not 
found much weight with large local authorities, is the 
increased capital outlay caused by the construction of 
sewers of much greater capacity than those that would 
be necessary to deal with a theoretical dry weather ~ 
flow, in addition to the outlay requisite to deal with 
storm water by means of tanks and filters. I have 
mentioned theoretical because, unless due and expen- 
sive precautions were made, the foul water sewers on 
the separate system would take their share of sub- 
soil water. On the other hand, to be set against this 
is the capital outlay incurred in the construction of 
two drainage systems in a town adopting the separate 
system. Although I can speak with no practical 
authority on this point, I should think that the latter 
capital outlay, if the scheme were carried out in a 
proper and effective manner, would exceed the former. 
Whilst “combined” sewers are flushed and cleaned 
at times by storm water, mechanical arrangements for 
flushing would have to be adopted on “separate” 
sewers in order to keep them clean. In conformity 
with the opinion expressed in my preceding answer, a 
certain purification area should be set aside to deal 
with the first portion of road, etc., storm water, unless 
there were some device by means of which such water 
could be turned into the foul water sewers. This 
would obviously entail capital outlay. There is also 
the question of upkeep of a double set of drains and 
sewers to be taken into account should the use of a 
separate system be invoked. In conclusion, I may 
state the opinion that filters work better if occasionally 
filled with settled or precipitated dilute sewage, as 
will happen if a combined system of sewerage is used. 


22409. Is your sewage settled, and if so how; 7.e., by 
quiescent settlement or continuous settlement; and 
what length of time does it stay in the tanks or take to 
pass through, as the case may be? Would you kindly 
give an average analysis of the tank liquor, including 
the figures for suspended solids?—Our sewage is 
settled. It is allowed to flow through a certain num- 
ber of tanks, each with a capacity of 175,000 gallons 
We have twelve such tanks at Oldham, and, generally 
speaking, there are nine or ten in use at once; less in 
summer. I have made experiments as to the rate of 
flow through a tank. In order to do this, siightly over 
1 cwt. .of common salt was dissolved in a small 
wooden tank of water, and the solution was emptied 
into the entrance end of a tank at 12.45 p.m. Imme- 
diately preceding this, however, two samples of tank 
liquor in this tank were taken, one at the entrance end, 
the other at the exit end. The chlorine figures were 
respectively 9-4 and 8-6. Subsequently samples were 
taken every half-hour at the exit end of this tank 
until 5.15 a.m. the following morning. In order to 
ascertain how the salt worked its way through the tank 
samples were taken every two hours from the exit end 
of the adjacent tank. When, finally, the two chlorine 
contents coincided, I concluded that for all practical 
purposes the entire salt solution had worked its way 
through the tanks. The following diagram illustrates 
the course of the experiment :—A represents the varia- 
tions as to time and chlorine content in the tank re- 
ceiving the salt ; B represents the variations as to time 
and chlorine content in the adjoining tank. 
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The rate of flow through ra main sewer is shown in the following chart :— 











Rate per hour. warren 
=175,000 - ‘ q f sadaees seeennaee 
ioe ey 
=125,060 - : H 7 peeks eeletn Perabo 
Pra 
== 1Es000:. ; i PEE eT 
1.P.M.2 7 10 sth VAM2 5 4 


Although the seat tent rate of flow is oe, aN be- even with a normal ee weather flow it is ites toa 
tween 6 and 7 p.m., here it occurs between 4 and 5 say how long a certain portion of sewage remains in 
p.m. In this instance I calculate that the Cl. con- the tanks. “Given, however, a uniform rate of flow 
tent reaches its highest limit (6.15 p.m.) after a throughout the day, and an even flow through the 
total flow through all the tanks of about 1,200,000 tanks, containing theoretically no sludge, the salt solu- 
gallons, which is equal to nearly ? this day’s flow. tion in this experiment should have taken about 12 
There were seven tanks in use, not including the septic hours to flow through. In times of storm the length of 
tank, through which the rate of flow is exceedingly time is rendered still more variable, inasmuch as the 
small. The tank operated upon had been in use about additional flow occasionally reaches the volume of 
six days, and as there were probably between 5 in. or 22,000,000 gallons per diem. The following numbers in 
6 in. of sludge in the tank I calculate that the available parts per 100,000 represent the average analysis of the 
tank space was reduced from 175,000 to 162,000 gallons. tank liquor for the years 1903-04, in parts per 
According to the above diagram, it will be seen that 100,000 :— 
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Oxygen absorbel f 
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3 14] snoid N Chl a niaahon from| Suspended (Oxygen absorbed Bo pe in 4 hours, the 
Ammoniacal N}Albuminoid N. orine. KMn0O; in 4 indidan from Aérated | S2™ples copperpdiie with 
hours. Water the sample used for 
Dissolved Oxygen Test. 
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22410. What time would be necessary for you to gain 
a good tank liquor containing, say, no more than 6 or 
8 parts of suspended solids per 100,000 from your 
sewage (without the addition of chemicals) ?—About 15 
hours by continuous flow settlement. This, of course, 
holds good only when the tank effluent is not septic, 
which condition of things often obtains at Oldham in 
warm weather. 

92411. Do you prefer to use settlement tanks in series 
or in parallel ?—I would prefer a combination of both, 
though I have had no personal experience of tanks used 
in series. I have often thought it might be possible to 
use all the tanks in parallel, and finally to send the 
combined liquors from these tanks into one large tank, 
where it is probable that the lighter form of suspended 
matter, or the black suspended matter from tanks which 
have become septic (even though the “septic” system 
is not used), will settle, and where further septic action 
may continue. There are, of course, other forms of the 
combined system which it might be advantageous to use. 


22412. In the case of continuous flow tanks, do you 
think there is any advantage in the employment of 
baffling boards or walls ?—If I understand the question 
in the right way, I don’t see much advantage in using 
baffling boards and walls. 


22413. How is the sludging of tanks done at your 
works, and what is the character of the sludge ?>—The 
character of the sludge varies with the season. In the 
summer and autumn it is more difficult to press, using 
the same proportion of lime, than in the winter and 
early spring. This is due probably to two causes :— 
(1) Less road and mineral matter is brought down in 
the summer, as the rainfall is less, thereby increasing 
the percentage of fat in the sludge; (2) the sludge is 
more acid in character. Hot weather and a slower flow 
through the tanks induces septic action in a very short 
time, and I take it that one molecule of a higher fatty 
acid or compound is decomposed into.several molecules 
of less complex and simpler fatty acids. Hence more 
lime is needed for neutralisation. 


22414. Should the heavy (road detritus, etc.) portion 
of the suspended matter in sewage be removed as a first 
operation, or do you think it better and more econo- 
mical to let everything settle in the tanks, and subse- 
quently to screen the sludge?—I am in favour of the 
first-mentioned operation as a preliminary to settle- 
ment. I should think, contrary to what the question 
would suggest, that this is more economical than the 
alternative mentioned later. I think it would be a very 
difficult matter to effectively screen our sludge. 


22415. What is the manurial value of your sludge, 
and will farmers take it?—The farmers in the neigh- 
bourhood, up to a radius of 4 or 5 miles, are willing 
and glad to take our sludge. It is, however, first 
pressed with lime. The cost of removal devolves upon 
them. It is very probable that its manurial value would 
be greatly enhanced were the fatty bodies and the 
greater part of the moisture removed. I had some 
analytical figures referring to the composition of the 
sludge, but they are mislaid or lost. I shall attempt to 
gather fresh data to place before the Commission in the 
early future, 


22416. Are there any chemical poisons in it?—I do 
not think so, 


22417. Do you find any nuisance from the treatment 
of sewage in settlement tanks, Have any complaints 
been made ?—No, 


22418. Have you had any experience of the chemical 
precipitation of sewage ?—Yes, a little. 


22419. Have you any reason to think that sewage 
from which the solids have been removed by the aid of 


chemicals is less easily purified by subsequent filtration - 


than sewage from which the solids have been removed 
by settlement or by passage through septic tanks ?— 
No. I think that a sewage, especially a strong one— 
that is, treated reasonably with precipitants, taking 
special care not to add any excess of lime—is more 
easily purified by subsequent filtration than the same 
sewage subjected to settlement only. The sewage at 
Oldham is not chemically treated as a general rule, 
though for the past two years, during warm, dry 
summer weather, I have added thin milk of lime and a 
solution of copperas to it with pp time results. The 
precipitants render aid in throwing down the very finely 
divided suspended solids which are so difficult to remove 
by settlement alone. I think that the addition of 
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chemicals in the usually small proportions in which they 
are added to the sewage, has little effect on impurities in 
solution. Of the two systems just mentioned and of the 
septic system I am inclined to prefer the last. 


22420. Have you tried various chemicals?—Can you 
give any comparative data on the practical value and 
cost of different precipitants for the preliminary treat-_ 
ment of sewage, stating whether you are referring to 
the precipitation of strong or of weak sewage ?—Yes, in 
the shape of aluminoferric, and a combination of lime 
and copperas. I could not distinguish any difference 
between the two with regard to the subsequent filtra- 
tion. I am inclined to believe, however, that if the 
lime and copperas are added judiciously, such a com- 
bination will prove more efficient and cheaper than the 
proprietary precipitants. Of course, I am thinking 
more particularly of Oldham sewage, which contains a 
relatively large amount of soapy and fatty matter. The 
great advantage—if advantage it really be—of pro- 
prietary precipitants is that they are dissolved by the 
washing action of the sewage itself, and thus no ap- 
paratus or plant for preparation and distribution is 
required. Such an advantage will be more apparent in 
a small sewage works. Another disadvantage attaching 
to the use of proprietary precipitants consists in the 
fact that approximately the amount dissolved is pro- 
portionate to the rate of. flow. This is fairly satis- 
factory in dry weather, but there is no doubt a great 
waste of material when diluted sewages are treated, 


22421. What is the most effective way of adding 
chemicals?’—Apart from proprietary precipitants, by 
previously dissolving (or diluting in case of lime) the 
chemicals. In this way the addition of the chemicals is 
easily controlled, according to the varying strength and 
volume of the sewage. 


22422. What is the character of the suspended matter 
in the liquor from your precipitation tanks?—Partly 
flocculent, possibly from sludge already settled in the 
tanks, and partly soapy. 


22423. Do you find it necessary to add further chemi- 
cals to the sludge before it can be dealt with? If so, 
for what reasons, and what chemicals do you use, and 
how are they added ?—Yes, in the form of lime. The 
soapy and fatty matters will not press, but when fully 
combined with lime as calcium stearate, etc., no diffi- 
culty presents itself. The following is the method of 
mixing, though personally I am in favour of some modi- 
fication. The lime is first slaked to the consistency of 
a more or. less fine powder. It is then added from 
canvas bags to a fixed quantity of sludge in the sludge 
shannel, which receives directly the sludge through 
valves from the settling tanks. Mixing by manual 
labour follows, after which the sludge is allowed to flow 
by gravitation into an ejector and thence by air pres- 
sure to the presses, seven in number, vid three large 
rams, acting as reservoirs, 

22424. Does the sludge contain any chemical poisons? 
—No. ; 

22425. Do you find any nuisance from the treatment 
of sewage in chemical precipitation tanks? Have any 
complaints been made P—No. 


22426. As regards septic tanks, how should they be 
shaped ?—I am in favour of rectangular tanks, with 
sloping bottoms, the deeper end being at the entrance 
wall. 


22427. Should they be divided into sections ?— 
I have no decided opinion on the matter, as my 
experience of others than the plain rectangular tanks 
has been but small. However, I have a preference for 
tanks divided into two sections. The first section 
might be of sufficient length to retain the heavier par- 
ticles, say, one-fifth or one-sixth the total length of 
tank. By some mechanical arrangement this heavier 
matter could be removed as it accumulated without 
interfering for any serious length of time with the 
working of the tank. 


22428. Should they be used in series or in parallel {— 
On this question I would refer you to my answer to 
Question 22411 in reference to the use of ordinary sedi- 
mentation tanks. 


22429. Is a scum necessary or desirable ?—I do not 
think so. As a rule, a scum shows that the sludge already 
in the tank is in more or less active decomposition. I 
think that this decomposition of the sludge aids in a 
way, the nature of which I do not know, the decompo- 
sition of the liquid flowing through the tank ; but when 
once septic action is started it is unnecessary to have 
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any great accumulation of sludge in the tank. By 
working under these conditions the probability is that 
if there be any scum it will be of a very ephemeral 
nature, its existence depending a great deal upon the 
atmospheric conditions above. 


22430. Should the septic tank be closed in, and, if so, 
what advantages does a closed tank possess over an 
open one ?—I do not think so. I see no advantage in 
having a closed septic tank except that, with such a 
modification, the scum is undisturbed by atmospheric 
disturbances. This, however, as I have said, is 4 
matter of no consequence. As regards the utilisation 
of the gas evolved from the septic tank, I strongly 
doubt whether it be worth while to lay down a plant 
efficient enough to collect and distribute it to the 

- various quarters of a sewage works. 


22431. What do you consider the best arrangement for 
the “feed” and “ draw-off ” 7—I see no reason why the 
ordinary surface methods of “feed” and “ draw-off” 
should not be used. If, however, the practice is to 
allow the sludge to accumulate to a considerable depth, 
I think it would be advisable to “ draw-off ” about 18in. 
below the surface, in order to prevent. large pieces of 
scum issuing from the tank, and so going upon the 
filters. ; 


22432. At what rate is sewage, as a matter of custom, 
passed through your septic tanks?—At Oldham we 
have a closed septic tank, with an under “feed” and 
an under “draw off.” It is very difficult to gauge the 
rate at which the sewage is sent through this particular 
tank. It would not be far wrong to say that the 
volume of sewage sent through the tank was about 
one-third or one-quarter the volume sent through one of 
the ordinary settling tanks if not less. As to the rate 
of flow, that is an entirely different matter, because this 
tank is not far from being full of sludge at the present 
time. 

22433. What is the most advantageous rate of flow 
through septic tanks, and what is the rate of flow at 
which quicker passage through the tanks becomes, in 
your opinion, distinctly disadvantageous ?—Between 20 
and 24 hours I think, inclining to the latter mentioned 
number, but I have not sufficient data to state a con- 
fident opinion as to the disadvantage accruing from 
a quicker passage through the tanks. On the other 
hand, if is quite possible that a slower rate might act 
to advantage. But from observation I should say that 
with a strong sewage, if the rate be such as to enable 
the sewage to flow through in two-thirds the time 
stated, the tanks are working under disadvantageous 
conditions. The slower rate is preferable, as partial 
hydrolytic decomposition of complex organic bodies is 

- then well developed, and the filters, so I take it, are 
more capable of dealing with the simpler products of 
such decomposition than with the more highly 
organised bodies originally present. 


22434. Do you think that the rate of flow should 
depend on the strength or character of the particular 
sewage which is being dealt with ?~I consider that weak 
sewage—dealing, of course, with the same particular 
sewage works—may well take a shorter time to pass 
through the tanks. So that dealing with one particu- 
lar sewage, I think that the tank capacity need not be 
increased should the volume of sewage increase up to 
two or three times the normal dry weather flow. 


224355. Is it possible to “oversepticise”’. a sewage, 
and, if so, for what reasons, and how is the “ over- 
septicising” brought about?—Yes. Under such a con- 
dition of things there is probably an excess of the ulti- 
mate products of decomposition, such as sulphuretted 
hydrogen, carbonic acid, and the simpler organic 

odies, such as the lower mercaptans, amines, and 
acids. The filter beds have great difficulty in dealing 
with such a liquid. These conditions are, as a rule, 
brought about by having too slow a rate of flow through 
the tanks, and by allowing the contents of the tank to 
lie stagnant. 


22456. What is the amount of digestion in your 
septic tanks, and how do you calculate this ?—How far 
do you find that the digestion is affected by the atmo- 
spheric temperature ?—I shave insufficient data to go 
upon, though I think that the amount of digestion or 
solution is much smaller than was originally supposed 
to be the case. I find that the character of the effluent 
is affected to a small extent by changes in atmospheric 
temperature. During very warm and dry weather 
“ oversepticising”’ is prone to occur. At any rate, 
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septic action is promoted, so that in dry cold weather 
it might be of advantage to have a smaller rate ot flow 
than with the same volume of sewage per diem in hot 
weather. 

22437. Do you think a certain amount of sludge 
should be removed periodically from septic tanks, or 
do you prefer to work them for a considerable period 
without cleaning, and then remove all the sludge ?—Of 
the alternatives presented I prefer the former. Wher 
once septic action has set in, the periodical removal of 
a quantity of the sludge has the effect of decreasing the 
amount of suspended matter in the tank effluent, and 
by having recourse to such a procedure I have observed 
no retardation of septic action. On the contrary, such 
a removal of sludge possibly encourages septic action, 
as by such means a greater tank capacity is obtained. 


22438. How do you think the sludge should be taken 
out of the tank, and how should it be disposed? Does: 
any nuisance attend the operation ?—For a short time 
during the latter end of 1902, a somewhat dry period, 
I made an attempt to use our settlement tanks as 
septic tanks. I succeeded to some extent. At any 
rate the effluent was what I may perhaps term “ semi- 
septic.” During this period as soon as sludge gathered 
to an appreciable extent in any tank, I caused the 
sludge outlet valve in the exit wall of the tank to be 
slightly opened. The tank was meanwhile working. 
By this means sludge was forced slowly into the adja- 
cent sludge channel at a lower level by the mere 
pressure of the water above in the tank. As soon as the 
sludge appeared too thin I had the valve closed. 1} 
found it was unwise to continue this at any one time 
for a considerable length of time; and it was best ta 
let a day intervene before this process was again put 
into operation. In this way the sludge had time to 
level itself up in the tank. One great disadvantage 
with which we had to contend lay in the fact that our 
sludge valves were (and are) actuated by loose chains 


pulled by hand, thereby rendering a nice adjustment: 


of the valve a matter of scme difficulty and great 
patience. There are other methods, of course, of par- 
tially removing the sludge, but they could not be used 
at Oldham without structural alterations requiring the 
expenditure of much time and money. The sludge 
thus obtained was disposed of in the same way as sludge 
from settled sewage—that is, by mixing with lime and 
pressing. This is further treated of in a previous 
answer, No. 22413. No nuisance attended the operation 
of removing the sludge. . 


22439. Do you find that the suspended solids coming” 


away with the tank liquors tend to increase in amount 
towards the end of the period of working, i.e., as the 
time approaches for removing sludge from the tanks ?— 
Yes. This is only natural. 


22440. Should any portion or the whole of the sewage 
which arrives at the outfall works in times of storm be 
passed through the septic tanks?—I am in favour of 
sending the first portion of storm sewage, especially 
after dry, hot weather, through the se] tic tanks, should 
they be in such a condition as suggested in my answer 
to No, 22438, and subsequently limiting the flow through 
them to not more than twice or thrice the normal rate 
of flow. I find that the filters are improved by an 
occasional dosing with weak sewage. 


22441. If storm sewage is passed through a septic 
tank, does this cause an increase in the amount of sus- 
pended solids issuing from the tank, and, if so, can you 
give us figures (in parts per 100,000) showing what the 
increase is?—Very little difference in the amount of 
suspended matter is caused by increasing the rate of 
flow up to twice or thrice the normal rate when only a 
small amount of sludge is in the tank. This con- 
dition is necessary. By sending the whole storm 
flow through, the increase in suspended solids 
depends greatly upon the amount of suspended 
matter in the sewage, and the amount of sludge already 
in the tanks. I have made determinations of the sus- 
pended matters issuing from our septic tank in dry 
weather and during rainfall, and the figures I have ob- 
tained at various times have led me to the above con- 
clusions. But they are so variable, owing to the 
gradual accumulation of sludge in the tank, that I 
think no useful purpose can be served by my giving 
random figures. q 


22442. Do you find that septic tank liquor is more 
easily treated on filters than settled sewage or than 
precipitated sewage, assuming that in each case you 
have the same amount of suspended solids in your tank 
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liquor? Kindly state what observations you have made 
on this point along with what you consider the reasons 
for advantage or disadvantage of the one or other pro- 
cess?—Yes. Both my predecessor and myself have 
tried and compared the three methods, and inde- 
pendently we have come to the conclusion that a septic- 
treated sewage is the one that can be most. efficiently 
dealt with on filters. There are these advantages 
attending the use of a septic system: (a) A more equable 
tank effluent is obtained ; (b) the tank effluent is in a 
better condition for subsequent treatment—that is, the 
organic impurities are in a simpler condition than 
when they are passed through settling tanks, and, 
therefore, fewer difficulties lie in the way of purifica- 
tion by contact or continuous treatment ; (c) a certain 
amount of digestion of solids is induced ; (d) no ex- 
pense is incurred by the addition of chemicals. On the 
other hand, there is, no doubt, a decided tendency to 
an increase in suspended matter in the tank effluent, 
though I find that this is to a great extent overcome by 
occasionally and partially removing the sludge from 
the tanks whilst they are still in operation, and by 
using an under “draw-off.” This disadvantage could 
be sensibly reduced, or, perhaps, entirely overcome, by 
using tanks in series, or, better, by a combination of 
tanks in parallel and in series, as suggested in a pre- 
vious answer. 


22443. Are the impurities in solution in sewage 
materially different from the impurities in solution in 
. septic tank liquor ?—I have made no estimations or ex- 
- periments beyond my ordinary routine work on this 
- point, but observation tends to confirm the general 
opinion that there is a very material difference between 

the respective impurities in solution—I have found that 
.a septic tank effluent contains 3 to 4 parts in 100,000 
excess in solution over a settled sewage effluent. 


22444. Have you any data on the relative value of 
plain septic tanks and septic tanks filled with rough 
stones or flints ’—No. 


22445. Do you find any nuisance from the treatment 
_of sewage in septic tanks? Have any complaints been 
made ?—No, 


22446. Do you think it desirable that the suspended 
solids in sewage should be removed as far as prac- 
ticable before sewage is filtered? If so, what do you 
consider a practicable limit to get down to?—Yes— 
about 10 or 11 parts per 100,000. 


22447. How do you consider that this can best be 
done?—By adopting the system of septic tanks in 
series. As I have stated before, J have had no prac- 
tical experience of this method. For a large sewage 
works I have not much faith in roughing filters. 


22448. Have you any experience of any mechanical 
device or any special tanks for freeing tank liquor of 
suspended matter before delivering it to filters ?—I 

“have seen for a fairly long period the septic modifica- 
tion of three-chambered septic tanks used in Man- 
chester. They were fairly successful, I believe, but not 
to the extent that was hoped for. It might be advisable 
to have the last compartment of greater capacity. At 
Oldham one of our tanks used some years ago as an 
open septic tank was fitted with an arrangement in 
sheet zinc, diagrammatically shown in section. 


A. Exit. 
“Jas => F Low, i 


i B. 
Ye Watt oF Tan. 


The strip A of sheet zinc is placed about 1 in. from 
the tank wall, and it dips 18 in. under the surface. 
B is also of sheet zinc. It serves its purpose fairly 
well, preventing large lumps of floating scum from 
working their way over the tank wall, but the volume 
of settled sewage in the tank must be kept within 
reasonable limits. 


22449. As regards contact beds, is it advisable to 
construct the whole or any part of the interior of build- 
ing materials, or may you in some cases dispense with 
this entirely ?—Where adjacent beds are on or about 
the same level, one may well dispense with the use of 
building material. At Oldham, the sides of the filters 
are, where necessary, puddled,’and invariably boarded 
up by 3d-inch planking. I think it necessary, where 
two adjacent filters are far from being on the same 
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level, to puddle or coneérxete that portion of the bottor! 
or sides where leakage is hkely to take place. 


22450. Do you find within certain limits the depth 
of contact beds may vary without affecting their etti- 
ciency? If so, what limits do you think are permis- 
sible?—Yes. At Oldham we work between limits of 
1} ft. and 3ft. I have had no experience with contact 
beds with a greater depth than 34 ft., and hence have 
no means of judging as to the efficiency of deeper beds. 
Probably the main point to be considered is that of 
aeration. It is possible that there is a depth beyond 
which, in order to work the bed a reasonable number 
of times per week, efficient aeration cannot be attained. 


22451. What do you consider is the most convenient 
size for a contact bed ?—That, I think, should depend 
upon the rate of flow of the tank effluent supplying the 
bed. The smaller the bed is, the quicker may it be filled 
and emptied, and this will enable it to be filled mere 
frequently. At present, and until some structural 
alteration can be made, we have two beds which take 
between. three and four hours to fill. So Jong as the 
bed is well-drained, so long as sufficient means are 
taken to aerate the bed when empty, and so long as the 
bed can be filled within a reasonable time without dis- 
turbing the surface of the bed, the fact suggests itself 
that there is no limit to the size of the filter. On the 
other hand, a large bed, measured superficially, would 
require a corresponding number of surface distributors, 
and, more important still, of drains which, towards 
their upper ends, would require to be more or less 
branched. This angular branching would probably be 
a deterrent to the efficient aeration, as possibly would 
be a multiplicity of primary drains. Taking all these 
factors into consideration, and judging from what. I 
have seen, I think no bed should measure superficially 
much beyond one-third of an acre, and the bed should 
be as near as possible in the form of a square. 


22452. What do you find to be the best filtering: 
materials ?—I have had experience of two materials— 
mill ashes and vitrified clinker burnt at a high tem- 
perature in refuse destructors. Of the two, the clinker 
is to be preferred. It disintegrates much less readily 
than the more friable ashes. 


22453. What size should the filtering material he, 
and should it be graded in the beds? -Our beds are 
filled with clinker passing $-inch mesh. Otherwise it 
is not graded in the beds. Small material in the bed 
is apt to promote clogging and choking. However, we 
place very coarse lumps of clinker immediately over 
and around the drains. This was dene merely to pre 
vent small particles of clinker obtaining access to the 
drains, and so partially choking them. I have heard it 
stated that the large clinker help more completely to 
empty the bed when it is being run off. This is very. 
probable. 


22454. How should the bottom of the bed be con- 
structed ?I have no particular preference so long as 
the beds and the drains can naturally empty them- 
selves when the valves are open. For this reason, the- 
bottom should in all ways slope towards the end con-- 
taining the outlet valves. At Oldham the bottom of 
any bed is ridged out, the drains occupying the valleys, 
formed by adjacent ridges. ‘With these two provisions; 
it is not possible for water te lodge anywhere in the hed 
on its being emptied. Perhaps I may express the 
opinion that the construction of channels covered hy 
perforated slabs leads to a great deal of quite un- 
necessary outlay. Our drains are put together im two- 
foot lengths. Each length is separated about one inch 
from the neighbouring length. In our latest keds each 
length is well perforated throughout, and here we have 
recourse to a loose spigot and socket arrangement, 
though, of course, we find no necessity for using 
cementing material. 


22455. Do you think it generally desirable that 
sewage should be subjected to some form of tank treat- 
ment before it is put on contact beds t~Yes, decidedly 
SO. 


22456. What periods of filling, standing full, empty- 
ing, and standing empty, do you consider best in practi- 
cal working (a) for primary beds, and (b) for secondary 
beds?—The period of filling should obviously be as 
short as possible, so long as the surface of the bed be 
not disturbed. But this will depend upon various 
factors—the size of the bed, the method of distribution, 
and the flow of sewage at the time. I think that 75 or 
90 minutes should not be exceeded in the process of 
filling. I adhere to no hard and fast rule as to the time 


allotted to a bed standing full. The time depends upon 
(1) the age of the bed; (2) the time of the year ; (3) the 
time of the day; (4) the day of the week; (5) the 
strength of the sewage and tank effluent. At Oldham 
we vary from one hour to five or six hours, and occa- 
sionally even more. In emptying, the valves are about 
quarter opened until the beds are half empty. The 
samples are then taken, after which the valves are 
opened as widely as possible. The emptying, not in- 
cluding the draining, should not take more than 1} 
hours. In general practice I give 2 to 6 hours standing 
empty and draining, the time depending very much 
upon the same factors as are considered in the time 
allowed for contact. As regards secondary beds, the 
time of standing full would doubtless depend upon 
the character of the liquid from the primary bed. It 
may be quite sufficient to fill the bed, and then im- 
mediately proceed to stream it through at the same 
rate as it leaves through the valves. If a contact is 
lesired it is probable that one of an hour’s duration 
would be quite sufficient. 


22457. If you have had experience of automatic gear 
for filling and emptying contact beds, would you kindly 
give your views /—I am not favourably impressed with 
any automatic gear I have seen for filling and emptying 
contact beds. They are apt to get out of order for some 
reason or other ; and as they are invariably adjusted to 
rigid times of contact, etc., I am, if only for this 
reason, strongly against their use. Manual labour lL 
consider is, in the long run, much cheaper, safer, and 
more reliable. 


22458. What amount of tank liquor per cubic yard 
of filtering ‘material can, in practice, be properly 
treated in a primary contact bed in 24 hours ?— 
Assuming a tank liquor which absorbs 3$ parts in 
100,000 of oxygen in four hours from KMn0O,, 
and also assuming a bed two or three years 
old, I think that, working the bed to the utter- 
most within the limits of efficiency, the filter 
could well take between 120 and 140 gallons per 
cube yard per diem. During very dry weather in Old- 
ham, and especially during the earlier portion. of the 
week, when the sewage is at its strongest, the tank 
effluent may absorb 8 to 10 parts of oxygen, and in 
oe case 80 to 95 gallons could be treated per cube 
yard. 


22459. What amount of liquid from a primary bed can 
in practice be properly treated on each cubic yard of 
filtering material of a secondary bed in 24 hours ?—I 
have had very little experience with secondary beds, 
but drawing a conclusion from general knowledge and 
slight practice, I think a secondary bed ought to take 
nearly three times the quantity passed through a 
primary bed. 

22460. Can these quantities be increased by more 
frequent filling and emptying in times of storm with- 
out impairing the efficiency of the beds or the quality of 
the effluents *—I should say that just as one could fill a 
primary bed more often during times of storm, so secon- 
dary beds could well bear the same treatment. In 
fact, I seg no reason why a well-settled storm tank 
effluent should not be streamed directly through secon- 
dary beds for hours at a stretch. 

22461. Is one contact sufficient for the conversion of 
some tank liquors into a satisfactory effluent ?—Assum- 
ing a tank liquor which absorbs 34 parts in 100,000 of 
oxygen in four hours from KMn0O,, and also assuming 
a bed two or three years old, I think one contact would 
be sufficient to ensure a satisfactory effluent, or 
effluent that would remain non-putrescent on incubat- 
ing, and one, according to my experience at Oldham, 
that would very rarely absorb as much as 1-25 parts 
of oxygen per 100,000 in four hours from KMn0Q,. 
Almost without exception, such effluents, if they have 
an odour at all, possess a pleasant earthy smell, and 
are clear except for a slight opalescence, which, as a 
general rule, may be put down to the presence of un- 
changed soapy matter. 

22462. At what rate or rates do primary contact beds 
and secondary contact beds lose their water-holding 
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capacity? It would be convenient to regard the capa- 
city of the empty contact bed, i.e., the tank before the 
filtering material is added, as 100, and to express the 
capacity from time to time in parts of this figure ?— 
I cannot give the data in detail asked for in this ques- 
tion. At the same time I may state that we have no 
very accurate means of registering the capacity of 
any bed. However, measurements have been made 
from time to time, and they are, I fancy, pretty approxi- 
mate. They are stated below, and these measurements 
may be taken as applying to the general run of filters 
at Oldham. 


Time in use. Capacity of bed. 


7 years - - - 19 per cent. 
53 ” . ri 19 ” 
5 ” 7 j 20 2 
43 +) = ‘ 225 
3 99 t i 28 ” 
24 ” >; 30 ” 
4 ” r - 35 ” 
14 ” a 7 36 ” 
2 year - : 4] fs 


The capacity of a bed when first filled is about 56 per 
cent. Of course, the material, in the course of its 
being placed in the bed, has been subject to this usual 
atmospheric conditions of snow, rain, etc. 


22465. Is the loss of capacity in direct proportion to 
the volume treated and the amount of suspended solids 
contained in the liquid which is put into. the bed or to 
the fineness or coarseness of the material of the bed, or 
on what does it depend ?—What the exact influence the 
two factors mentioned exercise upon the capacity of a 
bed it is difficult, I think, for any one to say. On 
considering the volume treated, one must also take into 
account the strength of the liquid treated, apart from 
any consideration of suspended matter, at any rate of 
the coarser suspended matter. Up to a certain limit 
it is quite possible that small quantities of suspended 
matter in a tank effluent exercise very little influence 
in affecting the capacity of a bed. The gelatinous 
matter that one usually finds in a filter bed is, I 
believe, an aggregated deposition from solution. This 
condition of things is more likely to arise when a tank 


effluent contains a fair amount of very finely divided. 


matter in solution, a liquid which one might term 
opalescent. A fine bed will lose its capacity at a 


greater rate than will a coarse bed, because this matter 
is more readily deposited on the more closely asso-. 


ciated fine material. Another factor playing an im- 
portant part in the matter. is the disintegration and 
settlement of the material itself. Judging from obser- 
vation, the surface of the bed made of mill ashes sinks 
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between 14 and 2 inches per year, at any rate during~ 


the first year or so of its existence. This entails a 
double loss of capacity if it be the rule to fill the bed to 
the surface of the material. _ 


22464. Can the material of a clogged bed be washed ? 
—I have had no experience in the matter. Considering, 
however, the experience of others, I think it would pay 
to wash the material of a clogged bed if the process of 
disintegration has not already been carried too far. 


22465. How can the capacity of contact beds be best : 


maintained ?—The use of a hard vitrified material 
would doubtless obviate to some extent the loss due to 
disintegration. However, the loss due to deposition of 
the before-mentioned gelatinous material would still go 
on, and I see no means of keeping the rate of loss of 


capacity as low as possible, except by using them on- 


fewer occasions. That would then entail the construction 
of additional beds. I find that resting for periods has 
practically no effect upon the ultimate capacity of a hed. 
I find that an occasional use as continuous storm filters 
raises the capacity slightly. If there is any reasonable 
means of maintaining the capacity of a bed up to a fair 
degree I shall be very glad to know of it. 


22466. What is the average analysis of your single 
contact effluent ?—Average for the years 1903, 1904, 
single contact, in parts per 100,000, ammonia, nitrates 
in terms of N :— 
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22467. What number of gallons of liquid are treated 
daily per cubic yard of filter material in your beds ?— 
This is a very variable quantity. My views as to the 
amount which can be treated have already been given in 
Answer 22458. 

22468. Do you find any chemical poisons in your 
final effluent ?—I should think there are no chemical 
poisons. 


22469. What is the average amount of suspended 
matter in the primary bed effluent? Does most of this 
matter come out with the first flush or not ?—Average 
amount of suspended matter in primary effluent equals 
51. The very finely divided suspended matter is pretty 
well distributed, though most of the coarser material 
comes out with the first flush. The drainings are, as 
a rule, pretty free from any form of suspended matter. 


22470. To what extent do you find that the organic 
matter of the suspended solids issuing in the effluent 
from a contact bed is different from the organic matter 
of the suspended solids going on to that bed ?—I have 
made no analyses bearing on the chemical differences 
between the organic matter of the suspended solids 
going upon and the organic matter of the suspended 
solids issuing from a filter bed. There is a distinct 
difference in physical characteristics. The suspended 
matter from the tank is flocculent and coarse, and 
generally black, and invariably of a putrescent nature. 


“That from a filter bed is of a very fine description, 


rarely visible as individual particles, and in the great 
majority of cases seems to bear no adverse influence in 
the incubator test. It is either probably unchanged 
soapy matter or growths of an elementary vegetable 
nature. Its volume, as a rule, increases greatly under 
the influence of the incubator. 

22471. Is the first flush of effluent from either set of 
beds ever putrescible ?—Yes ; this is generally the case, 
especially where strong tank effluents are treated. 

22472. Do you find that by increasing the number of 
fillings in storm times or other times the amount of 
suspended solids is increased ?—In storm times, when 


I have filled the filters continuously there is generally 
~more than the average amount of suspended solids, 


unsatisfactory nature. 


but it is nearly all of a mineral nature. If a bed be 
overworked in dry weather the effluent has a tendency 
to contain more suspended matter. 


22473. May contact beds in times of storm be used 
as streaming filters without detriment to their cus- 
tomary efficiency ; and, if so, do you think there are 
advantages in so working them?—This method has 
been practised at Oldham, and I have found no un- 
favourable results accrue. As a matter of fact, the 
system works extremely well. This is seen when there 
is a gradual gradation from stormy to fine weather. 
In the case of a summer storm, however, succeeded at 
once by fine hot weather, two or three fillings subse- 
quent to the storm-water dosing give an effluent of an 
Under ordinary circumstances, 
however, the filters seem to be “freshened up,” if I 
may use the expression. I have also noticed that after 
the filters have been used as storm filters there seems 
to be an appreciable increase in capacity in the beds. 


22474. What was the cost of your contact bed in- 
stallation per acre, and how much liquid do you treat 
per acre per 24 hours in ordinary times and in storm 
times ?—We have single contact only. The depth of all 
beds constructed since 1899 is uniformly 3 ft. Those 
built prior to 1899 vary from 1 ft. 6 in. to 2 ft. 9 in. 
Assuming all the beds to be one uniform depth of 3 ft., 
they have been filled by contact at the rate of about 
350,000 gallons per acre per 24 hours during the years 
1903 and 1904. This does not include the amount 
treated on the filters when they have been used con- 
tinuously for storm water. The actual volume treated 
by contact is really less than the above-mentioned 
number, when one takes into account the filters which 
are less than 3 ft. in depth. The filters have rarely 
been filled more than twice per day, apart from their 
use as continuous storm filters, because with the labour 
at command and the work to be performed a double 
filling per day is about the utmost that can be done. 
Otherwise it would be possible to fill them four or 
even five times per day in fairly wet weather. 


22475. Have you made any experiments which throw 
fight upon the action of contact beds when full and 
when resting?—Yes. At Manchester I carried out a 
few analyses of the gases found at different depths in 
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contact beds. During the same period an experiment 
was carried out showing the great absorptive power 
for oxygen of the gelatinous material found within the 
body of a filter and its emission of CO. From com- 
parative analyses I have concluded that oxidation anu 
nitrification more readily take place near the top than 
near the bottom. By varying the depth of liquid in 
the bed I have found that the best condition for work- 
ing the bed, having regard to purification, is to have 
the liquid fairly well showing through the uppermost 
layer of filtering material. Probably by this intimate 
association of liquid, clinker, and the atmosphere the 
liquid more readily takes up oxygen from the atrios- 
phere, and transmits it to liquid at a lower level. 


ANALYSIS OF GASES FROM Bacteria Bens. 


Experiments performed at the Manchester Sewage 
Works, 1901. 
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These results are approximate, as the experiments 
were performed with an Orsat apparatus. 


22476. Have you made a study of the conditions of 
aeration of contact beds; and, if so, with what results ? 
—The best results are obtained by affording all possible 
means of access of air to the filters. It is my impres 
sion, which has been strengthened by several observa- 
tions, that the introduction of vertical vent pipes at the 
upper ends of the drains at the bottom of the beds serves 
a good purpose in aiding aeration. On placing two 
stoppers moistened with strong hydrochloric acid and 
strong ammonia respectively about a foot down one of 
the above-mentioned vents, the white cloudy ammonium 
chloride formed, though specifically heavier than air, 
mounted readily to the top of the vent into the air. 
The valves commanding the drain should also be fully 
opened during the period of rest. 


22477. Do you find any nuisance from the treatment 
of sewage on contact beds? Have any complaints been 
made ?—No; no complaints have been made. 


22478. Have you had any experience of percolating 
filters?—I have but a passing acquaintance with the 
system of filtration by percolation. It is possible that 
at Oldham we may have constructed in the near future 
a filter or filters constructed on the continuous system. 
My knowledge of these filters has been obtained by visits 
to works employing the system. I have opinions on the 
merits of the system, but naturally, as they are not 
based on practical experience, I doubt whether it be 
worth while to state them. On the whole, I may say 
that, as far as I have seen, my mind is favourably 
impressed with the system, if carried out in an intelli- 
gent way. 
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22479. Would you kindly compare the cost (initial 
expenditure and annual cost of upkeep and working) 
and relative advantages of percolating filters and con. 
tact beds? Do you consider that one form is best, for 
some kinds of sewage, and the other form for other 
kinds of sewage ?—As regards initial expenditure, and 
speaking in general terms, I think that, taking both 
systems under the most favourable conditions, it is 
likely that a greater initial outlay is required in the 
‘construction of percolating filters. I consider that a 
‘great deal of money has been thrown away, up and down 
the country, in the elaborate construction, in some 
cases somewhat on the type of Roman tesselated baths, 
of contact beds.. As has been mentioned previously, it 
matters little, having regard merely to the efficient 
filtration of tank effluent, whether the sides and 
bottoms of filters should be constructed with such ex- 
pensive material as concrete, blue brick, etc., or in the 
natural ground. With percolating filters, on the other 
hand, as far as I know, it seems to be necessary to have 
recourse to the use of a fair amount of brick or concrete 
work, in addition to the use of mechanical means of 
distribution, either of the revolving or of the stationary 
.type. On account of, the great depth of beds in the 
percolating system, the question of levels often proves 
a matter of great difficulty, and in the event of such a 
difficulty arising one would be compelled to consider the 
cost of pumping the tank effluent to a sufficient height 
in order not only to allow it to fall upon the filter, but 
also to actuate the revolving machinery, etc., usually 
used in this system. Where land is difficult to obtain, 
the exigencies of the case all point to the adoption cf 
the percolating system.. When one comes to consider 
the cost of upkeep, the balance would seem to incline 
towards the percolating system. Where the levels are 
favourable enough to obviate the necessity of pumping, 
the cost of upkeep naturally would be very slight. The 
ereat disadvantage attaching itself to the contact 
system seems to be practically absent with the perco- 
ating system if only a large and hard enough material 
be used as a filtering medium. I refer to the settle- 
ment, the disintegration, the choking which are so dis- 
tressingly prevalent in beds of the contact type, and 
which, directly and indirectly, add so much to the proper 
maintenance of the system. With land easily available, 
labour and good filtering material cheap, it may be 
more economical to employ the contact system. The 
experience of others seems to bear out that one system 
will more readily deal with some kinds of sewage or 
treated sewage, and the other system with other kinds. 
How to classify these kinds is difficult, but I fancy that 
the percolating system will more readily adapt itself to 
the treatment of septic tank liquids in which the tank 
effluent is of a less complex nature than the effluent 
obtained from a settled or precipitated sewage. 


22480. Do you find that the chance of nuisance is any 
greater with one form of filter than wita another? 
Does the risk of nuisance depend on the kind of sewage 
which is being treated; or on the nature of the pre- 
liminary treatment to which the sewage has been sub- 
jected? The question of nuisance is important and I 
should be glad if you would state your views fully on 
these points?—From my experience in sewage works, 
the question of nuisance is one that has been and Is 
greatly exaggerated. For example, at the Manchester 

Sewage Works I have heard occasionally of complaints 
as to smells; These, I am confident, have generally 
-emanated from neighbouring farms—not always the 
most salubrious of spots—and sometimes, in hot 
weather, from the adjoining Ship Canal. However, it 
is probable that, on works where the sludge and the 
screenings are placed upon or ploughed into the soil, a 
nuisance might arise. Again, it is not unusual to notice 
a disagreeable odour on sewage farms employing the 
land filtration system. The spraying of liquors upon 
percolating filters generally gives rise to a sour, dis- 
agreeable odour, due probably to the cooling of the 
liquid sprays as they fall through the air. 


(22481. Have you made any comparative observations 
which show how many gallons per cubic yard per £4 
hours of your tank liquor or tank liquors could be satis- 
factorily purified on a percolating filter, and how many 
gallons per cubic yard on contact beds?—I have made 
no definite comparative observations on the issue raised 
except those already stated. Assuming a tank liquor 
which absorbs 34 parts in 100,000 of oxygen in 4 hours 
from KMn0O,, and also assuming a bed 2 to 3 years 
old, I believe there is little difference between the two 
systems. As time goes on, however, the advantage 
probably lies with ths percolating system, as that 
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system seems capable of treating a constant volume vf 
tank effluent per day. Under the contact system, this 
volume grows less in time, owing to the continued loss 
of capacity, which, as far as my experience shows, is not 
counterbalanced by a corresponding increase in effi- 
ciency, beyond a certain limit. Again, with a strong 
tank liquor, the advantage would possibly lie with the 
percolating filter, whilst in dealing with a more or less 
diluted tank liquor the contact bed would work more 
satisfactorily, inasmuch as the times of filling. of con- 
tact, of resting, may be lengthened or shortened at will. 
With a percolating filter there seems to be a limit, very 
soon reached, beyond which it is impossible to put any 
more liquid upon it in a given time. 


22482. Have you had any experience of storin water 
filters? If so, would you kindly give us the results of 
it >The storm filters at Manchester were first put into 
use during my assistantship there. If it be not pre- 
sumptuous to say so, I think that the storm filters 
there were (and I suppose are) utilised in a very judi- 
cious fashion. At Oldham I have had occasion to use 
tne ordinary filters as streaming storm filters during 
periods of very heavy flow, with very satisfactory 
results, judging from the percentage of purification 
reached, and with no detriment, but rather otherwise, 
to the beds. 


22483. Do you consider storm water filters lose any 
of their efficiency by being used intermittently at long 
intervals P—I have not worked under these conditions, 
but I should think that storm filters would work more 
efficiently if they were worked intermittently at short 
intervals. Not only so, but I think that all available 
filters should be used as opportunity offers. If at 


present I had storm filters at my disposal, I should use. 


them in their turn three or four times a week, and use 
them as a whole, for the filtration of the Sunday flow, 
which contains appreciably less suspended solids than or 
other days, is more purely domestic, and is at the same 
time much less in volume than weekday sewage. 


22484. Have you any practical suggestions to make 
for disposing of sludges P—In consequence of the general 
adoption of waste water closets in Oldham, the sewage 
of this borough contains a large amount of soapy matter 
either in solution (colloidal) or in fine suspension, 
probably in a partially dissociated condition. I have 
made analyses of the sludge deposited in the tanks, and 
have found, after acidifying the sludge with sulphuric 
acid, an amount of matter extractable by benzene equal 
to 24 per cent. of the dried sludge. This extract, 
though of a dark appearance, has all the physical and 
chemical properties of stearic acid. It is very probable 
that, by acidifying the sewage before it entered. the 
tanks, a greater amount of stearic acid could be 
obtained. On certain days of the week, the tank 
effluent, and, to a less extent the resulting filtered 
effluent, contain a great amount of opalescent soapy 
matters, which probably might be removed by the 
previous addition of sulphuric acid or other chemicals. A 
more economical method of obtaining the grease has 
been tried in the laboratory at Oldham. Using a very 
simple apparatus, an apparatus that it would be an easy 
task to improve, a portion of the fairly dried acidified 
sludge was distilled under reduced pressure, at a pres- 
sure of about 50 c.m. of mercury. Notwithstanding the 
fact that, ir bulk, this dried: sludge is a very bad 
conductor of heat, a good quantity of fatty acid distilled 
over and was collected in warm water. It was of a 
lightish brown colour, and much better in appearance 
than the sample extracted by benzene. It was evident 
that, with an improved apparatus, one more amenable 
to the required changes in temperature and pressure 
and more under controllable conditions, practically the 
whole amount of fatty acid could be obtained. This 
method in principle is now being worked on the large 
scale at Bradford, Yorkshire, and I understand that the 
plant laid down there has been devised by the joint 
labours of Dr. Grossmann, of Manchester, and Mr. Gar- 
field, the Sewage Works Engineer of Bradford. Mr. 
Garfield has informed me that, judging by some rough 
experiments of his own, practically the whole of the 
nitrogen still remains in the sludge after the fat is 
distilled off. If this be the case—and I have not yet 
verified the statement—the fat-freed and water-free 
sludge would be of invaluable use as a manure. Its 
value would doubtless be enhanced by judicious mixing 
with small quantities of lime (to counteract acidity), 
and probably of basic slag, to ensure a greater per- 
centage of phosphates. To work under the most favour- 
able conditions it would be advisable to prevent, as fai 
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as possible, the entrance of storm water, with its 
abundance of suspended mineral and waste organic 
matter, into the tanks, except those set apart for storm- 
water treatment. When one considers the market price 
of stearic acid, even in the crude state, and the probable 
cost of laying down and maintaining a plant large 
enough for dealing with the sludge deposited in normal 
weather, it seems within reason to venture the opinion 
that, looked upon from the commercial standpoint 
alone, the process would exceedingly well pay its own 
way, in addition to the part or even whole maintenance 
of the other branches of the sewage works. And one 
must not lose sight of the fact that, under present con- 
ditions, the entire cost of sludge disposal in most towns, 
including Oldham, is a dead loss. In this town the cost 
may be put down as £1,400 per annum at least. 


EsTIMATION oF Extract (By BENZENE). OF DRIED 
ACIDIFIED SETTLING TANK SLUDGE. 
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I'ypicAL ANALYSIS OF BENZENE EXTRACTED. ACIDI- 
FIED SLUDGE, DRIED AT 105°C. 


Volatile matter of which 
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The fat extracted from the dried acidified sludge (an 
average sample) by commercial benzene amounted to 


21°5 per cent. 


Melting point of this fat* 2z A1°C. 
Saponification equivalent (milli- 

grammes of K O H required to 

neutralise 1 gramme of thefat) = 175 
Saponification equivalent of pure 

Stearic Acid - : - -= 197 


22484*, What, in your opinion, constitutes a good 
effluent ?—It is impossible, I think, to define in set 
terms what constitutes a good effluent. In the follow- 
ing opinions I am influenced by what I observe at 
Oldham. A good effluent will, in general, possess 
several characteristics all more or less prominent ac- 
cording to the degree of efficiency. Taking first the 
physical characteristics, an effluent, if possessing any 
smell, should have a pleasant earthy odour. In ap- 
pearance it should be fairly bright and clear, and not 


* This sample of fat probably contains a smail amount of 
benzene homologues from the extracting liquid, hence the 
comparatively low melting point. 
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more than reminiscently opalescent. I find that, 

taking these superficial tests alone as a criterion, my 

judgment is very seldom at fault on subsequently sub- 

jecting the effluents to the more exacting test of the in- 

cubator, which I regard as the ultimate test. With 

respect to the four hours’ oxygen absorption from 

KMnO,, it is very unwise and wrong, in my 

opinion, to adjudge this or that effluent good or bad 

according as it is on this or that side of a fixed arbitrary 

line defined by a particular test. I have had effluents 

which absorbed less than one part of oxygen in 100,000, 

which, at sight, I would class as bad, and which, speak- 

ing for the greater number of these samples, became 

putrescent in the incubator. On the other hand, there 

have been effluents which have absorbed nearly three 

times this amount of oxygen, of a good appearance, and 

which have remained “sweet” after six days’ sojourn 

in the incubator. From consideration of my own 

figures, I feel more than favourably disposed to Pro- . 
fessor Dunbar’s (of Hamburg) opinion, that in this 

particular test the predisposition or otherwise to be- 

come putrescent is determined in the very great 

majority of cases by the percentage purification under- 

gone by the tank effluent in the filter. If I remember 

rightly, Professor Dunbar fixes the maximum at 60-65 per _ 
cent., and this, according to my experience at Oldham 
with a strong domestic sewage, is a sufficiently high per- 
centage of purification. Thus a filtered effluent ab- 
sorbing one part of oxygen in 100,000 obtained from a 
tank effluent absorbing two, or slightly more, parts of 
oxygen in 100,000 is much more likely to be unsatis- 
factory than an effluent absorbing 2-00 parts of oxygen 
obtained from a tank effluent absorbing 6:00 parts, 
or more, of oxygen in four hours. In conclusion, I 
cannot dogmatise so far as to say that I would like to 
see this test applied to all sewages. It is possible that 
with a sewage containing a large volume of trade 
effluent, especially of waste chemicals, such a test 
would bear too hardly. 


22485. Do you consider that the type of effluent fronr 
a contact bed is superior or inferior to the type of 
effluent from a percolating filter ?—My experience with 
percolating filters is too slight to enable me to form any 
decided opinion on the matter. So far as my little ex- 
perience goes, it is possible that, with the abnormal 
amount of suspended matter removed from a perco- 
lating filter effluent, this effluent may be more satisfac- 


_tory than an effluent from a contact bed. As this sus- 


pended matter is generally of a somewhat large and floc- 
culent nature, there should be no great difficulty, allow- 
ing, of course, a reasonable time for settlement, in re- 
moving the greater portion by far of this matter. 


22486. Have you tried the “ aeration” test—1.e., the 
rate at which dissolved oxygen is taken up by an 
effluent ?—Yes. . 


22487. Is one standard for all effluents passing into 
non-potable streams possible and desirable?—I think 
not. 


22488. Should there, then, be more than one standard,,. 
and, if so, how should a plurality or series of standards 
be formulated? What amount of suspended matter 
would you allow in an effluent ?—Standing by the pre- 
viously-expressed opinions, it seems just as impossible 
to formulate a plurality of standards as to set up one 
rigid standard. Efficient and frequent inspection, with. 
advisory and plenary powers pertaining to such inspec- 
tion, will probably be the best means of ensuring the 
efficient working of the various sewage works through- 
out the country. The idiosyncrasies of every sewage 
disposal works in every district should be pretty well 
known to the official or officials in charge of any centre 
of inspection. As the second part of the question sug- 
gests, the amount of suspended matter, especially 
organic, in an effluent, plays a great part in the charac- 
ter of that effluent. Speaking in general terms, the 
more suspended matter there is in an effluent—not 
considering a storm water effluent—the greater is the 
tendency for that liquid to become putrescent, the more 
so as the proportion of organic matter increases. From 
observation at Oldham, I should say that effluents con- 
taining under five parts of suspended matter per 
100,000 are generally satisfactory. On filtering an 
opalescent effluent through filter paper, between 100 
and 150 c.c. must be rejected before the filtrate becomes 
really clear. If this be not done, the amount of sus. 
pended matter in a liquid possessing, say, five parts of 
such matter may read as low as 2°5 or 3 parts per 
100,000, which, of course, is a wrong reading. An 
excess of suspended matter seems to act as foci around 
whick growths of a bacterial or vegetable mould charac- 
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ter may foster and develop. This condition of things, 
specially where the other tests are unsatisfactory, 
almost invariably leads up to putrescence when the 
liquids are subjected to incubation, 


22489. How far do you consider it advisable for a 
sewage installation to be worked automatically ?—I 
am adverse to the use of any automatic installation 
with respect to the filling, emptying, etc., of contact 
filters. If I am not wrong, all such installations are 
worked to a rigid time cycle, and no—or, at least, only 
inadequate—allowances can be made for variations in 
flow, strength of liquor treated, etc. Furthermore, 
these automatic systems are all liable to become de- 
ranged. Their repair, coupled with their initial cost, 
will be found to exceed the cost of the equivalent 
manual labour, which it need hardly be said is of a 
safer and more reliable nature. 


_ 22490. Have you made any systematic observations 

as to the effects of discharging effluents of known 
volume and known composition into watercourses of 
approximately known volume ?—No. 


22491. Could you say briefly the values you attach 
to the different chemical tests in use for determining 
the qualities or conditions of sewage and effluents ?— 
This has been treated to some extent in answer to pree 
vious questions. I have expressed opinions as to the 
oxygen absorption and incubator tests. It is likely 
that the albuminoid nitrogen test may be amenable to 
treatment somewhat on the same lines as the O. ab- 
sorption test. It is probable that with a percentage 
purification of 55 or above, comparing the filtered 
effluent with the parent tank effluent, a filtrate is likely 
to keep non-putrescent in the incubator. As regards 
the test for nitrates, I am afraid, contrary to the general 
opinion, that I find in the Oldham effluents that the 
amount of nitrate present has very little relation to 
the other tests, and it has but little influence on the 
incubator test. With reference to the “dissolved 
oxygen” test, my analyses have been usually done 
with the average filtered effluent for any day, and not 
with individual filter effluents. With the data at com- 
mand I think that a higher percentage purification is 
desirable with this test than is requisite with the O. 
absorption from KMn0O, test. Perhaps 70 per cent. 
purification would not be too high. 


22492. What are your views with regard to the quan- 
titative determinations of the “strength” of a sewage, 
tank liquor, etc.?—With regard to the usual tests 
applied in the quantitative determination of sewages, 
etc., I think comparative tests should be instituted 
setting forth results obtained with the raw liquors in 
question and with the well-settled liquors obtained 
from the same. One could then judge to some extent 
as to the impurity brought. down to a sewage works 
by the adventitious addition of suspended matter, such 
asin the time of a storm. With regard to the character 
of the tests themselves, such as O. absorption from 
KMnO,, and ammoniacal and albuminoid N., I think 
they give one a good idea as to the strength of sewage, 
etc. 


22493. Then taking Question 22404, have you made 
actual observations which show that your practice would 
not cause cloguing by sending to them an excess of solids ? 
—Not in the case of storms, especially when the greater 
part of the organic matter is allowed to settle out in 
the sedimentation tanks. I have used the ordinary 
beds in times of storm, and I find that no ill effects 
have resulted sither as regards efficiency or capacity. 

22493*. When you answer the question, you are 
speaking from actual experience?—From actual ex- 
perience, yes. 

22494, On Question 22450, do you find that, say, a 
cubic yard of your shallowest bed is quite as efficient 
as a cubic yard of your deepest bed ?—Yes, I find very 
little difference ; of course, we do not work beyond 
Sit. at Oldham. 


22495. Of course, the difference is not large ?—No. 


22496. (Sir William Ramsay.) In answer to Ques 
tion 22392, you refer to a black trade waste ? —Yes. 


22497. Does that ever clog the filter ?—No, 
not tO any serious extent; it is of a very thin 
nature, and the greater part of it is deposited 
in the tanks ; but at the same time there is a great deal 
of impurity in solution, and that, I think, affects the 
filters adversely. This matter that is sent down is 
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really used sewage. Certain millowners find it rather ex- 
pensive to use town water, so at certain periods of the 
night they impound the weak sewage that comes down, 
and use it in their mill lodges; after an amount of 
straining and sedimentation it is then used for the boilers 
and condensers. After a time, the matter which has 
settled out in the tanks is sent down the sewers, especially 
on Saturdays and during holiday times. It may not 
have been originally black matter ; I fancy it is really 
settled from solution in the sewage that has been un- 
pounded in these reservoirs, but it is a very evil smell 
ing liquid. 
22498. And very difficult to treat ?—Yes. 


22499. It would not be possible to get them to turn it 
out regularly, would it?—I think my committee are 
trying to put a stop to this practice, and there is 
eee he coming down than, say, three or four years 

ack. 


22500. In answer to Question 22403, you spoke of the 
difficulty evinced by the filters in dealing with the first 
part of settled storm sewage !—Yes. 


_ 22501. Have you got it in figures?—Yes, lower down 
in the answer. 


22502. These are the figures which deal with that ?— 
I have additional examples which I can hand in. 


22505. Of the same nature ?—Of the same nature, 
yes, extending over a longer time. 


22504, I donot think it isnecessary. Towards the end 
of the answer to Question 22404, you speak of finely- 
divided matter in the Oldham sewage which remains 
in suspension even after twelve hours’ standing. 
Is that exceptional, or does it hold in any other 
towns’—I should think it is exceptional. The 
Borough Surveyor’s department, when the streets are 
finished, use the fine ashes from the mills ; of course, 
that is from the coal; the coals contain a great amount 
of iron matter, and this becomes chiefly oxide of iron 
when burnt. 


22505. This is chiefly that matter ?—Yes. 


22506, At the end of your answer to Question 22408, 
you say that the filters work better if occasionally 
filled with settled or precipitated dilute sewage, as 
will happen if a combined system of sewerage is used 
Do you find that the bacterial action becomes less 
strong, and it requires to be renewed ?—I do not find it 
so far as my experience goesi; it seems to me that in 
summer time after a storm, when the filters have 
received this weak sewage, and we get the almost imme- 
diate subsequent dry weather flow, then under those 
‘conditions, perhaps, the filters will not work efficiently. 


22507, They haye been washed out?—Yes, and the 
transition is too sudden, whereas in ordinary winter 
weather, where the transition is gradual, say from a 
wet weather flow to a dry weather flow, during the 
filtration of storm water the filters seem to benefit by 
this process, 


22508. How often do you clear your tanks of sludge? 
—Well, the time is very variable; it depends upon 
circumstances. 


22509. Upon: the time of- year ?—Upon the time of 
year chiefly and the number of tanks we have in use. 
For example, in the summer time we very seldom use 
more than six tanks ; at present I am using nine tanks, 
although very likely if this warm weather continues 
I shall reduce it down to perhaps six or seven. 


22510. Could you give us some idea how often you 
clean them out?—I should say any time between six 
weeks and three months. : 


22511. Do you clean them completely ?—Yes. Of 
course, this particular part of the works, that is, the 
cleansing of the tanks, is not under my control, 


22512, In answer to Question 22417, you say you have 
no complaints from the treatment of sewage in settle- 
ment tanks. Are there many houses near ?—Not 
so many, but I think it is a district that will gradually 
be built upon. I think it is likely we shall have twe 
or three mills in the neighbourhood soon. There 
are certainly no smells. The only smell I notice is 


occasionally from the detritus pits at the end of the 


sewer where it empties into the works. 


22515, In answer to the next question, 22419, you say 
that a sewage treated reasonably with precipitants, 
aking special care not to add any excess of lime, is 
more easily purified by subsequent filtration than the 
same sewage subjected to settlement only. Is that 
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because the settlement is better when it 1s treated 
in this way than it would be otherwise ?1—I think the 
precipitants have a tendency to take down the yen 
tinely-divided suspended matter which cannot settle 
by sedimentation alone. At the same time matter in 
solution is precipitated, the quantity probably depend- 
ing upon the amount of chemicals used. 


92514. And you agree that the solid matter in the 
sewage is the difficulty in the way of purification ?— 
Yes, to a great extent. 


92515. And when that is got rid of it is very much 
more easily purified /—Yes, it is more easily purified. 

92516. And you think that by precipitation you get 
rid of more solids than by mere sedimentation /—Then 
by mere sedimentation. Of course, we are not talking 
now of any septic action. 


29517. No, no, merely precipitation ?—Yes. 


22518. Then let me refer you to your answer to 
Question 22442, About the middle of your answer you 
have a heading “(b)” ; the tank effluent is in a better 
condition for subsequent treatment—that is, the 
organic impurities are in a simpler condition than 
when they are passed through settling tanks, and 
therefore fewer difficulties lie in the way of purifica- 
tion by contact or continuous treatment. Have you 
analytical reasons to give for that; have you 
examined the question, or is it merely an opinion ?— 
It is .chiefly my opinion, but, I have seen the 
thing in operation in Manchester. I was there for two 
years under Dr. Fowler, and, also judging from one or 
two experiments I have made as to the rate of flow 
through the tanks, I should think that the sewage is 
more equably mixed with a large tank capacity— 
that is, a capacity which would also conduce to a septic 
action. 


22519. Oh, I see; that is to say, to produce septic 
action it requires a large tank and a long stay in it, 


and the sewage is more average when it remains a long 
stay ?/—Yes. 


22520. You say a little further’ down that a septic 


tank effluent contains three to four parts in 
100,000 excess in solution over a settled sewage 
effluent. 


That would corroborate that point?—Yes, I 
have done that by experiment. 


22521. Over how long a period ?—Well, those experi- 
ments were in 1903. 


22522. But for how long?—Oh, extending perhaps 
over two or three months, 


22523. At the end of your answer to Question 2248], 
you say that with a percolating filter there seems to 
be a limit, very soon reached, beyond which it is im- 
possible to put any more liquid upon it in a given, 
time. Is that again a matter of experience ?—Only 
from casual observation. i 


22524. You have had no practical experience ?—I 
have had no practical experience of my own. I have 
been to works where I have seen the thing in opera- 
tion, and I have formed an opinion upon it. 


22524", In answer to Question 22486, are there any other 
remarks you would like to make upon the aeration test : 
you merely answer, “Yes, you have tried it.” Do you 
think it is a good plan, the rate at which dissolved 
oxygen is taken up by the effluent ; is it your common 
method of determining the strength of an effluent ?__No 
our method is the four hours’ permanganate test, 


22525. You do not use this ?—Oh, I did for two years 
use, for the purposes of the Commission, this. 
_ 22526. What do you think it does; how do you think 
it compares?—Well, we get a greater quantity of 
oxygen taken up by the liquids, but the ratio is about 
the same. I think the ratios between the sewage, tank 
effluent, and the filtrate for the four hours’ permanganate 


are about the same as the ratio with the dissolved ° 


oxygen, only the figures of the dissolved oxygen are 
higher, ; 

22527. You think the permanganate test is easier to 
apply >—Oh, I should think so, especially for a man 
with no chemical training, 

22528. Your figures for dissolved oxygen absorption 
against four hours’ permanganate absorption are very 


much higher relatively Yes, that is what I have said 
just now. 7 


22529. At what temperature do you do the dissolved 


oxygen absorption test ?—I do it at the temperature of 
the air at the moment. 


OF EVIDENCE : 


22530. Again, the test for nitrates. You say that, 
contrary to the general opinion, you find in your Oldham. 
effluents that the amount of nitrate present has very 
little relation to the other tests, and it has but little 
influence on the incubator test /—Yes. 


22531. Again, that is not generally supposed to be 
the case. It is found, I think, that when the dissolved 
oxygen disappears, then the nitrates come into play, 
and are drawn upon, and are reduced in amount. Do 
you not find that P—As a chemist it sounds reasonable 
to expect so, but I do not finditso. I havea tremendous 
number of effluents with but little nitrate in, and 
they keep perfectly sweet in an incubator, although the 
permanganate figure may be fairly high. 

22552. (Mr. Stafford.) You speak of the strength of 
the sewage in Question 22396 ; you say that apart from 
Monday and Tuesday, and occasionally Wednesday, you 
are inclined to say that Oldham sewage might be classed. 
as weak ?—Yes. 


22553. What standard have you applied to that to 
test whether it is weak or not?—Simply the appear- 
ance, the four hours’ oxygen absorption, and the aptitude 
of the filters in dealing with the settled liquid. 


22534. In answer to the same question a different 
answer is given by Mr. Wilkinson. He says, at Ques- 
tion 22589 in his evidence: The sewage would, I 
think, be best described as a strong domestic sewage.” 
So it really turns upon what test you are both applying 
to the same sewage. One would really like to know 
what it is—what standard it is?—Well, as regards a 
purely domestic sewage, comparing it with other towns 
where the sewage is purely domestic, I would be in- 
clined to call it strong, because we have a tremendous 
number of waste water-closets in operation. 


22535. Yes, but you are both speaking of the same 
sewage. One describes it as strong, and the other as 
weak, and I want to know what standard you each 
have applied to it ?—Well, we are accustomed to weak 
here; [ am taking the four hours’ oxygen absorption ; 
I say on Thursdays and Fridays 





22536. But he is taking precisely the same days, ap- 
parently ; he says, im answer to Question 22591, prob- 
ably the number of grains of oxygen absorbed by the 
permanganate test is as good as any. You are both 
applying the same test, but you do not say how you. 
arrive at the statement, that the sewage is either 
“strong” or “weak” ?—Perhaps it would be best to 
say it was strong in the earlier portion of the week, 
compared with the sewage of the latter portion of the 
week, or weak in the latter portion of the week as com- 
pared with that of the earlier portion, because then our 
filters have very little difficulty in dealing with this. 
liquid. During the latter portion of the week one 
would naturally think it was a strong one (although 
I term it weak) because the fcecal matter is not 
washed down by a pure water, as it is, say, in 
Manchester, and other towns, but by the accumulation 
of the soapy matter in the slop closets. 


22537. The domestic sewage may be strong, but when 
it is mixed with the trade refuse it may be weak P— 
Well, the strength, I think, is caused by the washing, 
the domestic washing on what I might term the wash- 
days, the clothes-washing days. 


22538. (Colonel Harding.) Referring to storm waters, 
you tell us that storm water impurities are mainly in: 
regard to the suspended matter contained in them ?— 
Yes. 


22539. But you say you come to the conclusion that, 
apart from the suspended matter, the first flow after 
dry weather is very polluting ?—Yes, 


22540. And you refer to certain matters going to. 
solution P—Yes, 


22541. What kind of experiments have you made ?— 
Simply the experiments dealing only with the four 
hours’ test. I have got a table here which I think 
proves that there seems to be a fair amount of im- 
purity gathered in solution either from the roads or from: 
the sewers when the first flush of storm water comes. 
down. 


22542. But-the separation of suspended matter seems 
to bring about a great reduction of the impurities in all 
these samples given in your table?—Yes; but on 
comparing a filtered normal sewage with the filtered 
first flush of storm water sewage in Question 22403, you 
will find at 10 p.m. the filtered sewage, although the rate: 
of flow was 14,000,000 gallons per 24 hours, was 1°42, while 
before the storm water came do:vn the oxygeu dissolve: 
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was only 1°22, although the rate of flow of sewage was 
much less—2,800,000 gallons. 


22543. Yes, but I do not think that quite substan- 
tiates what you say, does it, because you say that that 
largest figure that you give is practically the normal 
flow ?—I don’t see where my figures fail to substantiate 
my statement. 


22544. And there the withdrawal of suspended matter 
brings about less than 50 per cent. improvement ?—Oh, 
I am not talking about the comparative improvement ; 
I am talking simply as to the filtered sewage itself, the 
liquid which goes on to the filters. There is no doubt 
that the great proportion of the additional impurity is 
caused by the suspended matter, but at the same time 
there is a small increment of impurity due to the 
dissolved matter, but in nothing like the same ratio. 


22545. It does not appear to be very material except 
perhaps at the beginning of a storm. The main thing 
is the suspended matter ?—Yes. ‘ 


22546. Let me refer you to your answer to Question 
22439. You say that at the beginning of the action of 
a septic tank you have comparatively little suspended 
matter coming out with the effluent, but as the accu- 
mulations increase in the tank in the later period of life 
of the tank you get much more ?—Yes. 


22547. And you say that is natural ?—Yes. 


22548. I suppose that is natural, because as the accu- 
mulations increase in the tank the capacity of the tank 
is reduced P—Yes. 


22549. And ti:erefore the flow becomes much more 
rapid ?—Yes. 


22550. Well, that is the answer one would naturally 
expect from you, but on Question 22441 you say there 
is very little difference in the amount of suspended 
matter caused by increasing the rate of flow up to twice 
or thrice the normal rate ?—When only a small amount 
of sludge is in the tank; but no doubt there is a 
difference, but not so great as one would expect. 


22551. But is not the amount of suspended matter 
brought away with the septic tanks largely in propor- 
tion to the rate of flow; and if you have an excessive 
rate of flow, does it not carry more off; there is less 
settlement, is there not?—I have only stated that 
with the proviso that there should be only a small 
amount of sludge in the tank. 


22552, Take an empy tank, if you increase the quan- 
tity brought out?—Oh, it is bound to do that, but I 
say it will not make very much difference as the sus- 
pended matter coming down in the early portion of 
a storm is chiefly of a coarse nature. And not only that, 
you will find that a great deal of the suspended matter 
in Oldham sewage in times of storm is of such a nature 
that it will not settle. 
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22553. It is finely divided?—It is finely divided 
matter. 


22554. If you increase the flow in a septic tank you 
are bound to increase the quantity coming out ?—Yes, 
sir, under ordinary conditions of working, 7.e., under 
conditions where a great quantity of sludge is allowed to 
accumulate in the septic tanks. 


22555. Your answer rather went to show that you 
did not think that. Now, in answer to Question No. 
22442, the object of the question there was rather to find 
out whether two liquors being about equal in regard 
to suspended matter, the one coming from a septic 
tank and the other from mere settlement, unassisted 
by chemicals, whether the one would be easier to filter 
than the other. You have given us in your answer 
really a recapitulation of the advantages of septic 
tanks; you tell us you have septic tank effluent 
with a given amount of suspended matter, now have you 
a similar effluent not septicised !—Without precipitation. 


22556. Without chemical assistance. For that 
matter you have three kinds, septic effluents, naturally 
settled sewage, and you have chemically precipitated 
Sewage ; and in all three cases you bring them down 
to the same amount of suspended matter, are you able 
from your experience to tell us whether the one would 
be more easy than the other to filter ?—From my ex- 
perience I should say the septic is more easy to treat. 

22557. For the reasons you gave just now to Sir 
William Ramsay ?—Yes. 


22558, In 22411 you suggest that it might be advisable 
to use septic tanks in series for the purpose of ie- 
ducing the amount of suspended matter coming out 
with the effluent ?—Yes. 

22059. Have you tried that ?—This is simply a pious 
opinion, 

22560. You have not based it upon any experiments 
of your own /—No. 

22561, Would you not probably find that while that 
might be that result at first while your last tanks were 
comparatively new, but as sludge was deposited in 
the last tanks you would have the same conditions of 
movement in the suspended matter in the tank which 
causes it to come out in the effluents ?—Well, if you 
had means of diverting the liquid from one tank into 
another tank, or of partially freeing these last tanks of 
their sludge, then this disadvantage would in all proba- 
bility be reduced to a minimum. 


22562. But you have no experience of your own of 


any arrangements for preventing suspended matter 
coming out with the effluent of septic tanks ?—No. 


22563. Your main experience at Oldham bas been 
with contact beds ?—Yes. 


22564. And it has spread over how many years ?— 
2 
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OLDHAM. 


Appendix to Evidence of Mr. A. H. VALENTINE. 


Tables showing average analyses of sewage, tank liquor, and filter effluents at 


Oldham, January, 1903—December, 1904, 


PROCESS OF TREATMENT: 


Tanks and Single Contact. Beds, 
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OLDHAM. 
January, 1903. 
SEwaAGE— 
Average daily flow - - 5,190,160 gallons - Total Rainfall - - - - 4°28 inches. 
Maximum daily flow - - 13,579,000 __,, - Rainfall - - - - a | 
Minimum daily flow - - 2,084,000 ,, - Rainfall - - - - - oil, 
Average Analysis of Sewage. 
-_—— Best, Worst. Average. 
Ammoniacal nitrogen (28 NH3s) - - - -— = 272 5:10 2-39 
Albuminoid nitrogen - - - - - - eat 32 1°51 65 
Nitric nitrogen (not done) - - - - - ‘ ae — — 
Chlorine - - - - . See : - : 3°00 11:90 6°35 
Grains per gallon oxygen absorbed from KMn0O, in 4 hours 1°42 8°93 3°71 
Dissolved oxygen taken up in 24 hours (not done as yet) a a = 
lids (l'8s if - 2 = 5 : - Mineral. Volatile. Mineral. Volatile. Mineral. Vo'ati'e. 
Suspended solids ( amples) A ra ee fst 








aI RS SE Ee a aes le aren ORE 
Number of samples analysed for the average = 31. 


Tank Liqguor— 
Average daily flow through the tanks - - - 5,190,160 gallons: 
Amount of sludge dealt with during month - - 3634 tons (pressed sludge of about 50% moisture). 


Average Analysis of Tank Liquor. 











a Best. | Worst. | Average. 
Ammoniacal nitrogen (eight samples only) - . - 60 3°90 2°47 
Albuminoid nitrogen (_,, oe epee : - 18 67 "475 
Nitric nitrogen (not done) - - - - : - ae = ace 
Chlorine (occasionally donc) - - - . : — — ars 
Oxygen absorbed from KMnO, in 4 hours” - - - 61 4°16 2°37 
Dissolved oxygen taken up in 24 hours (not done as yet) — = dy 
Suspended solids (10 samples) ay ee o a = Mineral. Volatile. a ere seni pico “ 











Number of samples analysed for the average = 31 (for oxygen absorbed only). 


FrinrrersS— 

















Amount of tank liquor treated on filters during 
the month - - - - - - - 47,800,000 gallons (roughly calculated). 
Average number of fillings per day - - - 1.45 
Rate of filtration in gallons per cube yard per 
Geeheur SE 
Average Analysis of Final Effluent. 
a Best. | Worst. Average. 
Ammoniacal nitrogen - - - - - - - 24 | 2°60 115 
Albuminoid nitrogen - - : : E : , -09 36 17 
Nitric nitrogen - - - 5 ‘ ts : 1:23 10 “49 
coe ©) 3°5 8-0 540 
Oxygén absorbed from KMnO, in 4 hours” - =f °23 2°13 44 
: (Best individual filter.) (Worst individual filter.) 
Dissolved oxygen taken up in 24 hours” - ae : = ae ha 
Suspended solids (none done) . = = = o = MineraJ, Volatile. Mineral. Volatile. Mineral. Volatile. 





Number of samples analysed for the average = 31: 


RemaRkKs:—It should be noted that certain averages have been obtained approximately. Thus I may draw 
particular attention to * Rate of filtration in gallons,” etc., and amount of tank liquor treated on filters. As regards 
average number of fillings per day, certaim filters are filled twice per day, others (the more recent) once only. 
Dissolved oxygen tests will probably »e commenced during April. I would suggest that suspended matter in sewago 
and tank efftuent be obtained ; also incubator tests for filters. 

Laboratory, Foxdenton Lane, Hollinwood, Oldham, A. H. Valentine, M.Sc. (Victoria). 

March 26th, 1903. <0 
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OLDHAM—continued, 
Kebruary, 1903, 
SEwacEe— J, 
Arerage daily tow - - 5,883,000 gallons - Rainrau - - - - - "164 inches. . 
(Total rainfall = 4.58 inches.) 
Maximum daily flow - - 14,219,000 ~ Rainfall - - - - at 22 Oe 
Minimum daily flow - - 2,684,000 * - Rainfall - - - - - none. 
Average Analysis of Sewage. 
a Best. | Worst. | Average. 
Ammoniacal nitrogen - - - - - - - 84 4:00 i DIRE 
Albuminoid nitrogen - - - - - - - 30 “89 60 
Nitric nitrogen - - - - - - 3 = ; _— » Ace : oo 
Chlorine - - : - - - - - - 2°60 13°60 6°64 
Oxygen absorbed from KMnO, in4hours - - - - 1-69 6°01 3°49 
Dissolved oxygen taken up in 24 hours” - - - : =- —_ -- 
Suspended solids (18 les) - % E : F Mineral. Volatile. |’ Mineral. Volatile. | Mineral. Volatile. 
eae Ud a 9 5 39°40 142 16-4 














Number of samples analysed for the average == 28 (for oxygen absorption). 


Tank Liqgvuor— 


Average daily flow through the tanks - - 5,883,000 gallons. 
Amount of sludge dealt with during month - 512} tons (50% solids)—not including lime, 


Average Analysis of Tank Liquor. 




















_——-- Best. | | Worst. | Average. 
_Ammoniacal nitrogen” - - . - - - - “84 3°40 | 2°62 (8 expts.) 
Albuminoid nitrogen - ’ - - “ - - ‘26 55 244 
Nitric nitrogen - - - - : 2 H a = = 
Chlorine (not done) - - - - : : : ie fae os 
Oxygen absorbed from KMn0O in, 4 hours” - - - "62 P 4°44 2°337 
Dissolved oxygen taken up in 24 hours - = - ee ie ss reset eae 
Suspended solids (8 samples) -- - : = : : Mineral. Volatile. | Mineral. Volatile. | Mineral. Volat le. — 
Pare eee 3 3°5 3-0 











Number of samples analysed for the average = 28 (for oxygen absorption), * 














FILTERS— 
Amount of tank liquor treated on filters during 
the month - - - - - - - 45,080,000 gallons (approx.) 
Average number of fillings per day_ - - -\ayl42 
Rate of filtration in gallons per cube yard per 
24 hours” - - - - - - . 67 
x ; Average Analysis of Final Effinent. 
oe ta Best. | Worst. | Average. . 
Ammoniacal nitrogen - - - - - - - °32 2:20 1116 
Albuminoid nitrogen - - - - = a 4 08 28 “187 
A 
Nitric nitrogen bs Lage: * ; “\natit® : - 1:68 “09 “573 
' { 
Chlorine - - - . - - - "3°20 8°90 5°57 
Oxygen absorbed from KMn0O, in 4 hours” - - : 10 1:80 *52 | 
(Best individual filter.) |(Worst individual filter.) 
Dissolved oxygen taken up in 24 hours - - F . =; pes = 
Suspended solids (nonedone)- - -  - = = | Mineral. Volatile. | Mineral. Volatile. | Mineral. Volatile. 








Number of samples analysed for the average = 28 (for oxygen absorption): 
Remarxs.—All results are in grains per gallon. All tests in which N enter are expressed as NH: It should 
be noted that two average samples of tank liquor are analysed for oxygen absorption every working day, except 
Saturday, when the filters are only filled once. On Sunday a sample of tank liquor is also taken and eventually analysed. 
The first sample is the average tank liquor utilised for the first filling of the beds, etc. The daily average is the mean 
of these two samples. No time has as yet been found for dissolved oxygen experiments. 


April 25th, 1903. A. H. Valentine, M.Sc. (Chemist). 
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March, 1903. 






































Sewace - 

Average daily flow ~- - - 6,365,710 gallons = - Rainfall - - - - - ‘177 inches, 

Total - - 197,337,000 _i,, Total - - . . wT 54958 5; 
Maximum daily flow - - 16,800,000 _,, - Rainfall i i : - i000 ,, 
Minimum daily flow - - 2,402,000 i - Rainfall - - - : - - none, 
Average Analysis of Sewage. 
-_—— Best. | Worst. Average. 
| 
Ammoniacal nitrogen - - - - - - =| | 104: 4:20 2:27 
Albuminoid nitrogen - - - = - dihar r i . "14 55 
Nitric nitrogen - - - - : = = {* nc . . ee ox 
Chlorine - - - . - - - - - - 3°10 11:90 - 5°91 
Oxygen absorbed from KMnO, in 4 hours” - - af | 2°05 eet 20 3-24 
Dissolved oxygen taken up in 24 hours. - - - . oo -- -~ 
li } z eS 5 s Z - |-Mineral. Volatile. Mineral. Volatil>. | Mineral. Volatile. 
Suspended solids (14 samples) a op ree ne 
Number of samples analysed for the average = 31.. 

Tank Liquox— 

Average daily flow through the tanks - - - 6,365,710 gallons. 

Amount of sludge dealt with during month - 424 tons pressed sludge (50°, nioisture). 

Average Analysis of Tank Liquor, 
= Best. | Worst. | Average. 

Ammoniacal nitrogen (14 only) - - - - - 72 3°40 2°34 
Albuminoid nitrogen ( 5, ) ~~ - - = 2 20 58 “44. 
Nitric nitrog »n - - - - : - - - -- --- - 
Chlorine (5 only) - - - - - - - - 3°10 9-20 5:78 
Oxygen absorbed from KMnO, in 4 hours” - - - “78 4°20 2°03 
Dissolved oxygen taken up in 24 hours” - : A = Ju ak 
Suspended solids (Ly samples) - - : 4 : : alo AOL eae ae Minish se 


Se eee EE ee eee 


FiLtERS— 


Number ot samples analysed for the average = 31. 


Amount of tank liquor treated on filters during 


the month 


Average number of fillings per day - 


Rate of filtration in g 


24 hours 








Ammoniacal nitrogen 


Albuminoid nitrogen 


Nitric nitrogen (as NH;)- 


Chlorine - - - 


Oxygen absorbed from KMnO, 


Dissolved oxygen taken up in 24 hours. - 


- - 48,747,000 gallons (approximate). 


- - 1:45 (taking 26 working days in month 


p#4i #903 bed fillings 








gant =: 1.45, 
56 days x 24 beds 4 
allons per cube yard per 4 
= 2 » = - 634. 3 
Average Analysis of Final Effluent. oe 
| Best. | Worst. | Average. 
a - I : : E +26 2°15 293 
ms 2 s : A - :085 30 217 
3 e . : 5 - :46 065 219 
é 3 - 2 i : 2-00 9°10 4°93 
in 4 hours’ - - - 10 1-82 £48 
(Best individual filter )|\(Worst individual filter ) 
- - = = = Mineral. Volatile. Mineral. Volatile. Mineral. Vo’atile. 


Suspended solids (none done) - 


Number of samples analysed for the average = 26. 


Boe 


a2 


RemaRKs.—There is a great decrease in nitric nitrogen as compared with January and Februa Thi be: 
: : sm 
due to the increased flow through the tanks, consequent upon the heavy rainfall, thus leading to a ee less Nifens 


between the raw sewage and tank effluent than in drier months. Ammoniacal nitrogen and albuminoid nitrogen are 
oO 


reckoned as NH: An additional new bed bas come into operation. 


May 12th, 1903. 
6225 —Ap. I. 


A, H. Valentine, M.Sc, (Chemist.)" «; 


2T2 
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OLpHAM—continued. 
April, 1903. 


SEWAGE— : 
Average daily flow - - 3,613,133 gallons - Total rainfall - - : - 2°15 incbes. 


Total: 108,394,000 gallons. 











Maximum daily flow - - 11,510,000 __,, - Rainfall - - - : F 
Minimum daily flow - - 1,669,000 _ ,, z Rainfall - = < = - none. 
Average Analysis of Sewage. 
aaa Best. | Worst. | Average. 
Ammoniacal nitrogen (23 experiments) - - - - 1°36 3°40 2°58 
Albuminoid nitrogen (23) - - - - : 5 29 77 53 
Nitric nitrogen - - - : - : - - -- -- ~~ 
Chlorine (28) - - - - - - . - : 4°40 8-40 6°74 
Oxygen absorbed from KMnOjq in 4 hours (30) - - 1°48 8-00 3°65 
Dissolved oxygen taken up in 24 hours” - - - - — a J 
Suspended solids (9) = <; = = 2 5 = Mineral. Volatile. Minera!. Vol.tile. Mineral. Volatile. 
0 10 24 58 13:1 22°4 





Number of samples analysed for the average = 30 (for oxygen absorption), 


Tank Liguor— 











Average daily flow through the tanks - - - 3,613,133 gallons. 
Amount of sludge dealt with during month - 606} tons (50% solids). 
Average Analysis of Tank Liquor. 
se Best. | Worst. | Average. 
Ammoniacal nitrogen (19 experiments) - - - . 80 4-00 2:77 
Albuminoid nitrogen (19) - : - - - - 21 “60 ‘47 
Nitric nitrogen - - - - - ° - - -- -- a 
(Chlorine 27) - - - - - - - - - 3°10 8°80 6°48 
Oxygen absorbed from KMnO, in 4 hours (80) - - 68 5°11 2°53 
Dissolved oxygen taken up in 24 hours” - - - - — -- = 
Suspended solids (9) S - =~ = - = = Mineral. Voliatile. Mineral. Volatile. Mineral. Volatile. 
10 8 4°4 4°] 








Number of samples analysed for the average = 30 (for oxygen absorption). 








FILrERsS— 

Amount of tank liquor treated on filters during 

the month - - . - - - - 45,843,000 gallons, . 
Average number of fillings per day - - - 1:87 = 841 fillings+(25 working days x 244 beds).” 
Rate of filtration in gallons per cube yard per 
\ 24 hours” - - - ‘ . ‘ - 59}. 
ee 
Average Analysis of Final Effluent. 
ehitee | Best. | Worst: | Average. 
Ammoniacal nitrogen (23 experiments) - . - 28 2-35 1°31 
Albuminoid nitrogen (23) - - - - - - 085 3h 21 
Nitric nitrogen (21) - - - - - - - “54 065 *135 
Chlorine (17) - . - - - - - - - 4-20 8°60 6°36 
Oxygen absorbed from KMnO, in 4 hours (25) - - 16 2'07 “105 
: (Best individual filter.) |(Worst individual filter.) 


Dissolved oxygen taken up in 24 hours” - - < E aoe 


Suspended solids (none done) - - mei eee - = | Mineral. Volatile. | Mineral. Volatile. | Mineral. Volatile. 





Number of samples analysed for the average = 25 (for oxygen absorption). 


RemaRKS.—* There were 25 working days in the month, as the beds were not filled on Sundays and Good Friday: 
Bed “ 27” starts its first filling about the middle of the month ; hence in obtaining average number of fillings per day; 
itis taken as}. The two new beds, “‘ 26 ” and “ 27,” although reckoned in estimating the amount filtered, the average 
number of fillings per day and the rate of filtration, are not included in the average analyses for final effluent. Dis- 


solved oxygen experiments have beén started towards the end of May. 
June 9th, 1903. +3 : poe 2. A. A Valentine, M.Sc, 


Dee tht. ot «ae oe 


EEE 
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OLDHAM—continued. 


May, 1903. 
SEwacE— : 
Average daily flow - - 5,179,000 gallons - Rainfall - dy) *4 - = 0°133 inches. 
Total - - - -160,547,000 —,, - Total - : - - - 4:13 e 
Maximum daily flow - - 17,441,000 __,, - Rainfall - - - - - 0°675 mf 
Minimum daily flow” - - 1,568,000 __,, - Rainafll - - - - - none. 


Average Analysis of Sewage. 


a 





_— Best. | Worst. Average. 
a St ll 
Ammoniacal nitrogen (22 tests) - - > - - “80 5°20 2°29 
Albuminoid nitrogen (22) - - - - - - 22, 93 543 
Nitric nitrogen - - : - - - : - == a — 
ee 2:80 10-70 6-33 
Oxygen absorbed from KMnO, in 4 hours (31) - : . 1:18 9-66 3°77 
Dissolved oxygen taken up in 24 hours - - - - ee = = 
Suspended solids (9) | - - & : A : = Mineral. Volatiie. | Mineral. Vo'atile. | Mineral. Volatile. 

3 8 12 60 12°9 17°9 





Number of samples analysed for the average = 31 (for oxygen absorption). 
Tank Liqguor— 
Average daily flow through the tanks - - - 5,179,000 gallons, 
Amount of sludge dealt with during month - 509 tons (50%). 


Average Analysis of Tank Liquor. 

















ee SSSSSSSSSS————SsesesesS——sesesesesSsses 

, a Best. | Worst. Average. 
Ammoniacal nitrogen (12 tests) : - - - - 40 3°80 2°38 
Albuminoid nitrogen (12) - = “ é : A 17 72 -40 
Nitric nitrogen - - : - - - - - — -- -- 
Chlorine (20) - : - - : : ° - - 2°80 9-10 6°30 
Oxygen absorbed from KMnO, in 4 hours (31) - - - 63 4-61 2°38 
Dissolved oxygen taken up in 24 hours’ - - - - — zz a 
Suspended solids (6) - - o é = = a Mineral. Volatile. | Mineral. Volatile. | Mineral. Volatils 

4 8 zk 3:1 3°6 


a 


Number of samples analysed for the average = 31 (for oxygen absorption). 


FILTERS— 
Amount of tank liquor treated on filters during 
the month - - - - - - 58,845,000 gallons. 
Average number of fillings per day - - - 1:43.=1,012 fillings + (26 working dars x 261* beds.) 
Rate of filtration in gallons per cube yard per 
24 hours < = = “ E = - 68:99 = 58,845,000 gallons 


32,828 cube yards x 26 working days, 
* + indicates that a new bed was in use during the last third of the month; 


Average Analysis of Final I ffuent. 





ont Se Best. | Worst. | Average. 
| 
Ammoniacal nitrogen (26 tests) - - - - - 16 2°50 1:03 
Albuminoid nitrogen (26) - - - . - - 065 35 ALF 
Nitric nitrogen, as NH, (72) - - - ° - - 26 05 “088 
Chlorine (26) - - - - - - : - - 2°60 7:90 5°60 
Oxygen absorbed from KMnO, in 4 hours (26) - - s 06 2-77 691 
i (Best individual filter.) |((Worst individual filter.) 
Dissolved oxygen taken up in 24 hours - a8 hs : nS we =, 
Suspended solids (none done) - -— - - = = | Mineral. Volatile. | Mineral. Volatile. | Mineral. Volatile. 





Number of samples analysed for the average = 26 (for oxygen absorption). 


ReMARKS.—On May 4th, 5th, and 6th, days of heavy rainfall, various filters received storm water continuously 
for a few hours each day. I have reckoned, roughly, that under these conditions a bed would receive its own filling 
capacity each hour. This is included in the 1,012 fillings, and in the grand total of gallons filtered during the month, 

June 25th, 1903. ; A, H. Valentine, M.Se, 
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OLDHAM-—continued. 
June, 1202. 


SEWAGE-- . : 
Average daily flow* (about) - 2,678,000 gallons - Rainfall - - wa : - 2°50 inchcs. 
Total (about) - - 80,340,000 % : , 
Maximum daily flow* - - 5 - Rainfall . - - : : mize62  *,, 
Minimum daily flow’ - - 3,478,000 5, - Rainfall - - - =. - none. 


* Accident to gauge during one week in month, 


Average Analysis of Sewage. - = 









































eee | Best. Worst. Average. 
Ammoniacal nitrogen (19 tests) - - - - - 1-90 4:00 3-07, 
Albuminoid nitrogen (19) - - - - - - | 335 1-10 ‘641 
Nitric nitrogen - - . - - - - | = —_ = ale 
Chlorine (21) - - - - : = 2 - - | 3-90 10°30 7-91 
Oxygen absorbed from KMnQ, in 4 hours (30) - - | 3°12 8°82 4:95 
Dissolved oxygen taken up in 24 hours (16) - - - | 2-149 7-042 4:38 * 
Mineral. Volatil Simeral. Volatile. (1 ganaiectoe qe emma 
S i E = a = = = 2 Mineral. olatile. ineral. olatile. nabsur 5°74 
Suspended solids (9) 1 4 + ll 37 46 | ovinaal oe 
19°6 29-0 
Number of samples analvsed for the average (See numbers at side), 
Tank Liqguor— 
Average daily flow through the tanks - - - About 2,678,0UU gallons. 
Amount of sludge dealt with during month - 441 tons (50%). 
Average Analysis of Tank Liquor. ~ aa: er tt rr 
A eet Best. | Worst. Average. 
Ammoniacal nitrogen (14 tests) . - . - - 0°76 4°50 : 3°38 
Albuminoid nitrogen (14) - - - - s 3 21 5S “48 
Nitric nitrogen - - - - * : - 5 age Se a 
Chlorin> (22) - - - - - - - - - 2°70 9-80 7°66 
Oxygen absorbed from KMn0O, in 4 hours (44) - - f - "76 6°41 3:39 
Dissolved oxygen taken up in 24 hours (16) - - - 1-456 5-754 3-80* 
: | Mineral, Vi atil Mineral; -Votatdl ip ae on of FT) 
iI a a ia Ss = = Ses E ineral, ’. latile. ineral, olatile. i * 
Suipinded eolfds ; er. Vola! cee 
33 33 
Number of samples analysed for the average (See numbers at side). 
FILTERS— 
Amount of tank liquor treated on filters during 
the month - - 3s - - - - 44,700,000 gallons. 
Average number of fillings perday~ - - - 1:135= (797 fillings + (27 filters x 26 workings ‘days). 
Rate of filtration in gallons per cube yard per 24 ' 
hours - - - - - - - - 50-7 
Average Analysis of Final Effluent. 
eee Best. | Worst. | Average. 
| a—a«xwng 0 eee 
Ammoniacal nitrogen (58 tests) - - - - - 38 2°75 1:56 
Albuminoid nitrogen (58) - - - . 2 085 “335 296 
Nitric nitrogen (reckoned as NH) (63) - “ 4 E “53 “O55 Ais 
Chiorine (26) - - - - - - - - 3°60 9°70 ay a5 
Oxygen absorbed from KMnQ, in 4 hours © - - » “28 2-24 12 
(Best ind'vidual filter.) |(Worst individual filter.) 
Dissolved oxygen taken up in 24 hours (16) - - - 30 155 904" 
Suspended solids (none done) - - - - - . Minezal. Volatile. | Mineral. Volatile. | + ineral. Volatile. 











Number of samples analysed for the average = (See numbers at side). 


RemMARKS.—All numbers in grains per gallon. * The samples for dissolved oxygen were those from Monday, Tuesday, 
Wednesday, and Thursday. By reason of Sunday intervening, Friday and Saturday samples were not dons, As 
Friday’s and Saturday’s sewage and tank liquor are generally weaker than the samples obtained from Monday to 
Thursday, the average oxygen absorption for these four days was obtained, and found to be for sewage 5°74, for tank 
3°78. There is doubtless a corresponding increase in oxygen absorption for filters.. The average number of fillings is 
being lowered on account of longer rests to the beds. 

July 15th, 1903. ; A. H. Valentine, M.Sc. (Chemist). 
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OLDHAM—continued; 
(its ' July, 1903. 
SEwaceE— 
Average daily flow - - 3,734,774 gallons - Total rainfall -  - + + 623 inches 
_ (Total=115,778,000 gallons) 
Maximum daily flow - - 8,427,000 ,, : Rainfall - - - - = 28 5 
Mininum daily flow =a 1. SUS. 000m lr. - Rainfall - - : - - none. 
Average Analysis of Sewage. 
—-—— Best. | Worst. | Average: 
Ammoniacal nitrogen (18 experiments) —- - - - “52 3°40 2°56 
Albuminoid nitrogen (18) - - : : 2 375 “86 -60 
Nitric nitrogen : - - - - - - - <s = Bes 
eee 1:10 9-80 7:00 
Oxygen absorbed from KMnO, in 4 hours (31) - - - 1-97 7°36 3°98 
Dissolved oxygen taken up in 24 hours (16) - - on! 2°303 5°705 3°96 
Suspended solids (10) = = = = x = ~ Mineral. YWolat'le. Mineral. Volatile. Mineral. Vo‘atile. 
; 4 15 48 22 190 18°8 





Number of samples analysed for the average (see above). 


Tank Liqvor— 


Average daily flow through the tanks - 2 - 3,734,774 gallons. 
Amount of sludge dealt with during month - - 414} tons (50% moisture). 


Average Analysis of Tank Liquor: 

















= ae | Best. | Worst, | Average. 
Ammoniacal nitrogen (21 experiments) . ae at 1:60 4-20 3:07 
Albuminoid nitrogen (21) - - - - - - 31 “BS 45 
Nitric nitrogen - - - - - : - a aoe pas 3 
eee eae) es le - 410 10°00 6-99 
Oxygen absorbed from KMn0O, in 4 hours (47) - - 1°31 4:94 2-995 
Dissolved oxygen taken up in 24 hours (16) + - - 1-134 5488 3-02 
Suspended solids (7) - = = = = is = Mineral. Volatile. | Mineral. Volatile. | Mineral. Volatile. 
4 4 ll 6 51 60 © 
Number of samples analysed for the average (see above.) 
FILrERs— 
Amount of tank liquor treated on filters during 
the month - - - . - 50,586,000 gallons. 
Average number of fillings ae te . - - 1-18.=892 fillings+(28 filters x 27 working days). 
Rate of filtration in gallons per cube sad per 24 
hours - - - - - - 512, (36,205 cubic yards). 
Average Analysis of Final Effluent. 
——.—_ Best. | Worst. | Average. 
Ammoniacal nitrogen (24 experiments) - - - "24. 2°30 1-23 
Albuminoid nitrogen (24) - - - - - - 058 29 183 
Nitric nitrogen as NH, (22) - - - - - - 1-12 ‘08 “232 
Chlorine (25) - oe ii + - - - - . 3°50 9-10 6°50 
Oxygen absorbed from KMnO, in 4 hours (26) - - - "22 Eg “80 
(Best individual filter.) (Worst individual filter.) 
Dissolved oxygen taken up in 24 hours (16) - - - “259 1:883 ‘801 
Suspended solids (none done) - - - - =, Minera’. Volatile. Mineral. Volatile. Mineral. YVolati’e. 





eR a RIED ae Sg aay) MERE aac Sapa TU Hee 
Number of samples analysed for the average (see above). 

Remar«s.—Dissolved oxygen experiments were done on 16 days only. The four hours oxygen absorption on these 
particular days were for sewage=4°13 ; tank effluent=3-02 ; filtrates=-°79. 

Another filter comes into operation. 

During the middle of month Winkler’s method for dissolved oxygen was substituted for Thresh’s. 

A small quantity of lime and copperas was added daily to sewage during the month, 

Note.—As usual, all N. in form of NH. 


August 12th, 1903, A. H, Valentine, M.Sc: 
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OLDHAM—-contin ed, 
Months, August and September, 1903. 
SEWAGE— 
August. September. 
Average daily flow - - 5,720,360 gallons - Total rainfall - 756 inches. 7°69 inches. 
Total: August, 173,814,000 ; 
September, 175,942,000. 
Maximum daily flow - - - Rainfall - - - 1:05 inches. 2°15 inches. 
Minimum daily flow - - - Rainfalt none, none. 
Average Analysis of Sewage. 
ee Best. Worst. | Average. 
Ammoniacal nitrogen (33 tests)  - - - . - ”.64 4:30 | 2°15 
Albuminoid nitrogen (33) - . - - : : 21 “84 “507 
Nitric nitrogen - - - . - : - : Ss | —— Le 
| 
Chlorine °(41) ‘95 igen er ce aa a 2-60 | 11-70 6-41 
Oxygen absorbed from KMnO, in 4 hours (43) - : 1°85 | 6°50 3°32* 
Dissolved oxygen taken up in 24 hours (22) = ee 1:575 | 7819 . 4-65* 
‘ Aug. Sept. Aug. Sept. Aug. Sept. 
Suspended solids (10 for August) (8 for September) s Min. Vol. Min. Vol. | Min. Vol. Min. Vol. | Min. Vol. Min. Vol. 
78 4 3 4 10/100 35 15 28 |23°% 13°4 107 13°9 








* Corresponding 4 hours’ oxygen absorption = 3°69. Best, 2°75 ; worst, 6.50. 
Number of samples analysed for the average = 43 (for oxygen®absorbed). 


Tank Liguor— 
Average daily flow through the tanks - - 
Amount of sludge dealt with during months - 


5,720,360 gallons. 
August, 390 tons; 


moisture). 


Average Analysis of Tank Liquor. 





Ammoniacal nitrogen (33 tests)  - - - - : 


Albuminoid nitrogen (33) : - ° ° ° - 
Nitric nitrogen - - - . : 5 = 2 
Chlorine (46) - - - - - E - : . 


Oxygen absorbed from KMn0O, in 4 hours (69) - - 


Dissolved oxygen taken up in 24 hours (22) 2 s 


Suspended solids (5 for August) (3 for September) - 





Best. 


76 
155 


1-90 


Aug. 
Min. Vol. 
250 


“61 


616° 
Sept. 
Min. Vol 
126 


is 


September, 4944 tons (about 50% 


Aug. 
Min. Vo' 





Dene 


Worst. 


3°70 

55 
9-30 
4-72 


6°517 
Sept. 


. Min. Vol. 


3 8 


Average. 


2°40 


“384 


6°26 
2°42* 
3°607* 


' Aug. 
Min. Vo’. 


30 72 


Sept. 
Min. Vol. 


3°6 56 





* Corresponding 4 hours’ oxygen absorption from the KMnO, = 2°71. 


Number of samples analysed for the average == 69 (for oxygen absorbed from KMn0Q,). 


FILTERS — 
Amount of tank liquor treated on filters during 
the two months - 
Average number of fillings per day - - 
Rate of filtration in gallons per cube yard per 
24 hours - - - - - - - 


794. 


153,250,000 gallons. 
1°64. 


Average Analysis of Final Effluent. 








——— Best. Worst. 

Ammoniacal nitrogen (34 tests) — - - - - - "24 2°40 
Albuminoid nitrogen (34) - - - - - - ‘08 “29 
Nitric nitrogen (106) - - - - - - - 1°42 , 09 
Chlorine (47) - - - - s ° 2 4 : 9-20 9-00 
. 16 2:10 


Oxygen absorbed from KMn0O, in 4 hours (38 averages) 
Dissolved oxygen taken up in 2+ hours (22 averages) 


Suspended solids (one only—storm wvter)- - - 


Best, 1°88 ; worst, 3°71. 


Average. 


(est individual filter.) (Wore individual filter.) 
° = 1°7 3 


Mineral. 


o 


Volatile. . 


Mineral. 


Vo'atile. 


Mineral. 


1-14 

“17 

"396 
6°05 
*654* 
828* 

Volatile. 





* Corresponding 4 hours’ oxygen absorption = °757. Best, -42 ; worst, 1-04. 


Number of samples analysed for the average 


REmMARKs.—During very heavyrainfalls, in order to relieve flow in the congested tank effluent carriers, certain of the 
filters have been used as continuous filters, thereby increasing ‘“‘ average number of fillings per day,’* “ Rate of filtration 


in gallons per cube yard,” etc. 
All figures, as usual, in grains per gallon. 
October 8th, 1903. 


All N as NH. 


A. H. Valentine, M.Sc. 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 337 


OLpDHAM— continued. 





























_ SEWAGE— 
: October, 1903. 
Average daily flow - - 10,640,900 gallons - Total rainfall - - . - 12°34 inches 
Total: 329,868,000 gallons. 
Maximum daily flow - - 23,538,000 __,, - , Rainfall - - - - es oa 
Minimum daily flow. - - 3,942,000 _,, - Rainfall - - - - - none. 
Average Analysis of Sewage. 
anacoieeeel Best. | Worst. | Average. 
Ammoniacal nitrogen (28 experiments) - . - es 31 2°80 1°39 
Albuminoid nitrogen (28) - - - - - ao 19 79 +368 
Nitric nitrogen : - - - - - - : _ me te 
eee a Cl eC 1:20 7:90 4-22 
Oxygen absorbed from KMnO, in 4 hours (39) - . oT fi 6°27 2°18 
Dissolved oxygen taken up in 24 hours (16) “ . 295 7-05 2-29* 
7 Mineral. Volatile. Mineral. Volatile. Mineral. Volatile. 
Suspended solids (11) - . . - : . - 4 6 52 37 16°7 13°9 
* '_* Corresponding oxygen absorption from KMnO, = 2°54. 


Number of samples analysed for the average -= (See above): 


Tank Liquor — 


Average daily flow through the tanks’ - - oy ia 
Amount of sludge dealt with during morith - - - 395 tons (about 50% moisture). 











Average Analysis of Tank Liquor. 

















—— Best. | Worst. Average. 
Ammoniacal nitrogen (26 experiments) - - - cL “7 2°60 1°25 
Albuminoid nitrogen (26) - - . - . = i 12 “50 252 
Nitric nitrogen - - - - - - - Se —- _ — 
OS eel i a re 1:30 7-40 3°86 
Oxygen absorbed from KMnQ, in 4 hours (54) - ane ah “39 3°68 1-48 
Dissolved oxygen taken up in 24 hours (16) - - ait — 3°29 1-44* 

| Mineral. Volati‘e. Min-ral, Volatile. Mineral. Volatile. 

Suspended solids (5) - - . - - S - | 3 4 9 9 6°8 





* Corresponding oxygen absorption from KMnO, = 1°56. 
Number of samples analysed for the average =- (See above). 


FILTERS— 


Amount of tank liquor treated on filters during 


the month - - - - - - - 80,500,000 gallons by usual filling; 44,000,000 gallons by 


continuous-flow = 1244 millions. 
1-84, exclusive of times when certain filters have been run 


Average number of fillings per day - Z ee 
continuously as storm filters. 


Rate of filtration in gallons per cube yard per 
24 hours - “yf - - - - 80-4 by usual filling ; 124-4 including continuous filtering of 


storm water. 
2. 


Average Analysis of Final Effluent. 
sansa ; 


Se Best. Worst. . Average. 
en ee ee 
Ammoniacal nitrogen (49 experiments) - - . - 07 1-50 "58 
Albuminoid nitrogen (49) - - . - - - 055 2] 112 
Nitric nitrogen (95) : - - . - - - 1°32 12 50 
Chlorine (42) - - meal, * - - - - - 2:00 5°70 3°63 
Oxygen absorbed from KMn0O, in 4 hours (27 averages) - 05 1-29 "35 

(Best individual filter.) (Worst individual filter.) 
Dissolved oxygen taken up in 24 hours (16) - - - ‘077* ‘88 347 
Mineral. Volatile. | Mineral. Volatile. Mineral. Volatile. 
—- = = _ 3°0 10 





Suspended solids (only two—storm water) - - 


* An increase in dissolved oxygen. + Corresponding oxygen absorption from KMnO, = °40. 


Number of samples analysed for the average = (See above). 
ReMaARxKs.—During hours of very heavy storm a certain number of filters have been used as continuous storm filters. 
The filters have been well filled, and subsequently the exit valve has heen so regulated that the bed remains constantly 
full. About 66 per cent. purification, from the oxygen abs orbed from KMn0O, in 4 hours, reckoning on storm tank effluent 
has been obtained. The analyses for storm sewage, storm tank effluent, and storm filtrate are for the most part included 
in the above figures. As usual, results are in grains per gallon, and N as NH,, 
November 16th, 1903. 


6225—Ap. I. 


A; H; Valentine, M.Se. 
2U 
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OLDHAM-—continued. 
November, 1903. 











SEwaGE— 
Average daily flow - - 7,246,600 gallons - Total rainfall * : 2 - 5°17 inches; 
Total” - - - - 217,398,000 ~,, - Average : : E - 0:172 ee 
Maximum daily flow - = 218;5127;000 ss - Rainfall 5 y ‘ z r 4-10 fi 
Minimum daily flow - Ss Parte Ole a - Total rainfall : 2 é - none. 
Average Analysi, of Sewage. 
oh eee Best. Worst. | Average. 
, : 
Ammoniacal nitrogen (22 experiments) - - - . 48 | 4:20 1-90 
Albuminoid nitrogen (22) - : “ . : : 26 ‘80 “45 
Nitric nitrogen - - naa - - - it -- ct nas 
Chlorine (30) - - - - - - - . - 1-90 9:10 ; 4:76 
Oxygen absorbed from KMnO, in4hours(30) - — - “ J-12 6-08 2:52 
Dissolved oxygen taken up in 24 hours (15 averages) - “46 6-11 2:76* 
Suspended solids (14) - - - - - - - Mineral. Volatile. | Mineral. Volatile. | Mineral. Volatile, 
21 48 11°9. *_.14°0 





* vorresponding oxygen absorption from KMnO, = 2°86. 
Number of samples analysed for the average = (See above): 
Tank Liguor— 
Average daily flow through the tanks - _ - - 7,246,600 gallons. 
Amount of sludge dealt with during month - 3803 tons (of about 50 % moisture); 


Average Analysis of Tank Liquors 





a 














——— Best. ~ Worst. | Average. 
Ammoniacal nitrogen (23 experiments) - - - 64 3°30 181 
Albuminoid nitrogen (23) - - - - - - 165 53 348 
Nitric nitrogen - - : - - : : - = — Lak 
Chlorine (48) - - - - - - - - - 2-00 6-70 48 
Oxygen absorbed from KMnO, in 4 hours (30 averages) - 50 3°41 1-65 
Dissolved oxygen taken up in 24 hours (16 averages) - 245 3°43 1-81* 
Suspended solids” - - - - . : = . Mineral. Volatile. | Mineral. Volatile. | Mineral. Volatile, 
5 5 LOOK 4 82 4°4 
* Corresponding oxygen absorYtion from KMnO, = 1°82. 
Number of samples analysed fot the average = (See above). 
FILTERS— 
Amount of tank liquor treated on filters during 
the month - > - ° : = - About 88,700,000 gallons, which is inclusive of con- 
tinuous flow on November 2nd. 
Average number of fillings per day - - - 1-70 (not including Sundays, and exclusive of continuous 


flow during storm on November 2nd), 


Rate of filtration in gallons per cube yard per 
24 hours” - - - - - - 964 (inclusive of continuous storm flow). 
? 
Average Analysis of Final Effluent. 











—— | Best. Worst. | Average. 
Ammoniacal nitrogen (40 experiments) - - E 23 1-60 “876 
Albuminoid nitrogen (40) - - - - - - 07 “26 14 
Nitric nitrogen (74) - - - - - - - 1:18 “09 403 - 
Oblorine' (45). = Lee eee 2-20 6-20 4-67 
Oxygen absorbed from KMnO, in 4 hours (25 averages) - er Rye ed hates Cree AL — 416 
Dissolved oxygen taken up in 24 hours (16 averages) - "19 80 247* 

: Mineral. Volatile. | Mineral. Volatile. | Mineral. Volatile. 


Suspended solids (none done) - - - . i 


— — — 





* Corresponding oxygen absorption from KMnO, = ‘48. 
Number of samples analysed for the average = (See above). 

REMARKS.—Results, as usual, in grains per gallon, and all N. as NH,: A new filter, No. 28, has come into opera- 
tion during the month (November 17th), but it is not included in any of the above results. A continuous flow through 
fourteen filters for twelve hours én November 2nd is included in all the above results, except “‘ Average number of 
fillings per day... A percentage purification, reckoning from filtrate to tank effluent, of about 66% was obtained; 


December 14th, 1903: A: H: Valentine, M.Sc., Cheniist. 
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OLDHAM—continued; 
December, 1903, including January 1-3, 1904. 
- SEwAacE— 
Average daily flow - - 4,504,030 gallons - ‘otal Rainfall - - - + 26 inches: 
Total - - - - 153,137,000 ne : Average - - - aOR. - 35 
Maximum daily flow - - 11,514,000 <4 - Rainfall = - - - - 0°63 ay 
Minimum daily flow - - 2,279,000 - Rainfall - - - = - none. 
Average Analysis of Sewage. 
_—— Best. | Worst. | Average: 
Ammoniacal nitrogen (26 experiments) - . . - 1-04 5:00 2°88 
Albuminoid nitrogen (26) “TS ere | ee - 265 1-15 643 
Nitric nitrogen - - - - : - - - ~ ee 
Chlorine (34) - - - - - a ate - - 3°40 10-0 6°55 
Oxygen absorbed from KMn0O, in 4 hours (34) - - - 115 8:17 3°80 
Dissolved oxygen taken up in 24 hours (17 averages) - 1316 10-584 5°158* 
Suspended solids (11) . - 2 E E : Mineral. Volatile. Mineral. Volatile. Mineral. Volatile. 
3 8 15 At) 10°8 19.6 





* Corresponding oxygen absorbed from KMnO, == 4°32. 
Number of samples analysed for the average = (See above). 


Tank Liqguor— 
Average daily flow through the tanks - - - . 4,504,030 gallons. 
Amount of sludge dealt with during month - 4374 tons approximately (of 50% moisture). 


Average Analysis of Tank Liquor: 








a | Best. | Worst: | Average. 
Ammoniacal nitrogen (24 experiments) - - - 1-02 4°40 2°73 
Albuminoid nitrogen (24) - - - - - - “21 745 “457 
Nitric nitrogen - - - > - - - - -~ -- -— 
Chlorine (53) - - - - - - - : - 3°00 8°6 6°00 
Oxygen absorbed from KMnO, in 4 hours (57) ee "12 5:18 2°355 
Dissolved oxygen taken up in 24 hours (17 averages) - 1-246 7-00 3°59* 
Suspended solids (6) ‘ 2 ' ’ f Mineral. Volatile. | Mineral. Volatile. | Mineral. Volatile. 

2 os 13 13 6°7 8°3 








* Corresponding oxygen absorbed from KMnO, = 2°62. 
Number of samples analysed for the average = (See above) 














FILTERS— 
Amount of tank liquor treated on filters during 
the month - - - - - - - 92,500,000 gallons approximate. 
Average number of fillings per day - - - 1/63 (reckoning, as usual, 6 days per week), 
Rate of filtration in gallons per cube yard per 92,500,000 
= —_— — ______—__—_—_—— = 83} (about.) 
24 hours” - - - - - - - 29 (days) x 38,330 (cube yards) 
Average Analysis of Final Effluent. 
——— Best. | Worst. | Average. 
rmeeneec e  e  eaeE eee 
Ammoniacal nitrogen (38 experiments) - - - - “50 2°80 P4660 
Albuminoid nitrogen (38) = es - - = - ‘07 37 "208 
Nitric nitrogen (72) -- - - - - - 1-12 ‘08 238 
Chlorine (49) - - - : - - - - - 3°30 8-00 5°61 
Oxygen absorbed from KMn0O, in 4 hours (29 averages) - 06 1-93 618 
Dissolved oxygen taken up in 24 hours (17 averages) : 20427 1-988 *832* 
Suspended solids (none done) £ 5 2 Z 4 Mineral. Volatile. Mineral. Volatile. Mineral. Volatile. 


+ Signifies an increase in dissolved oxygen, or its equivalent (nitrites, etc.). 
* Corresponding oxygen absorbed from KMnO, = °704. 
Number of samples analysed for the average = (See above). 


Remarxrs.—As usual, all results in grains per gallon, and N.asNH;. January Ist to 3rd is included for convenience 


in tabulating results. . 
January 20th, 1904: A. H: Valentine, M.Sc., Chemist. 
Oe 


6225—Ap. I. - ; 
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OLDHAM—continxerd. 
January 4th to 31st, 1904, 




















SEWAGE — 
Average daily flow _ - - 5,802,393 gallons - Total Rainfall - - - - 5°09 inches: 
Total - - - 162,467,000 ” Average . 7 ie - °182 ”? 
Maximum daily flow - - 19,942,000 _ ,, : Rainfall - : E - 1:09 oe 
Minimum daily flow - = '2:269,000° |; : Rainfall : 2 < = - none. 
Average Analysis of Sewage. 
eee Best. | Worst. | Average. . 
Ammoniacal nitrogen (17 tests) - - - - - | 1-24 3°80 | 2°61 
Albuminoid nitrogen oP) =| bee ee 0°32 / 1:25 | 0°606 
Nitric nitrogen : - - - . - . . -- -- -- 
Chlorine - - - - - - - - - : 1:90 7°80 5°52 
Oxygen absorbed from KMnOy, in 4 hours (24) - - 1-36 11°36 3°89 
Dissolved oxygen taken up in 24 hours (16) - - - 0°742 11°935 5°413* 
Suspended solids (1 1) = = = z. a = = Mineral. Volatile. Mineral. Volatile. Mineral. Volatile. 
8 49 86 20°8 26°3 





- * Corresponding oxygen absorbed from KMnO, = 5-013. 
Number of samples analysed for the average = (See above). 


Tank Liqguor— 
Average rate of flow through the tanks - - 5,802,393. gallons. 
Amount of sludge dealt with during the month - 444 tons (about 50% moisture), 


Average Analysis of Tank Liquor. 














fark Sa | Best. | Worst. Average. 
: 5 
Ammoniacal nitrogen - - - - - - - | 1-04 4°40 2°78 
Albuminoid nitrogen - - - - - - - 0°24 0°66 0°452 
Nitric nitrogen - - ° - - - - - —- -- = 
Chlorine - . - : - - - - - - 1-80 8°50 5°62 
Oxygen absorbed from KMnO, in 4 hours (24) - = 0°67 5:12 2°59 
Dissolved oxygen taken up in 24 hours (16) - - . 0°546 6°475 3°470* 
Suspended solids (5) - 2 z : i i ; Mineral. Volatile. } -Mineral. Volatile. | Mineral. Volatile. 
4 1 5 13 4°2 8-0 








* Corresponding oxygen absorbed from KMnO, = 3-004, 
Number of samples analysed for the average = (See above). 
FILTERS— 











Amount of tank liquor treated on filters during 
the month - - . - - : - $0,600,000 gallons, approximate. 
Average number of fillings per day - . - 1:75 (six working days per week). 
Rate of filtration in gallons per cube yard per 
24 hours : - - - - - - 91-3. 
Average Analysis of Final Effluent. 
—_— Best. | Worst. | Average. 
Ammoniacal nitrogen’ - - - - - - - 0°46 2°70 1:39 
Albuminoidnitrogén*? -pa + = Fas She ea 0-075 0°38 0-203 © 
Nitric nitrogen - - - - - - : - 1:42 0°07 0°241 
Chlorine 2: = Be gga: peak er lee ee 240 7-60 5-19 
Oxygen absorbed from KMnO, in 4 hours (24) - - 5 2°33 0°586 
(Best individual f lt er.)|(Worst individual filter.) 
Dissolved oxygen taken up in 24 hours (16) - - - 0-19 1-414 0°705* 
Mineral. Volatile. Mineral. Volatile. Mineral. Volatile. 





Suspended solids (one only) - ' 2 : 2 





* Corresponding oxygen absorbed from KMnO, = 0°712. 
Number of samples analysed for the average= 


ReEMARKS.—AIl results, as usval, in grains per gallon, and N. as NH,. All experiments are from January 4th 
to January 31st inclusive, except amount of sludge pressed, which is quantity for the entire calendar month, In the 
report for December, 1903, please note that sludge pressed is also for the calendar month. 

February 16th, 1904. A. H. Valentine, M.Sc., Chemist 
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OLDHAM—continued. 
February, 1904. 











SEwace— 
Average daily flow - - 8,272,448 gallons . Total Rainfall - - < - 4°50 inches. 
Total: 239,901,000 gallons. Average: 0°155 inches. 
Maximum daily flow - - 19,595,000 __,, - Rainfall — - - - - Fh a MBOs” 95 
Minimum daily flow - - 3,710,000 _,, - Rainfall = - - - . - _ none. 
: Average Analysis of Sewage. 
————— | Best. | Worst. Average. 
Ammoniacal nitrogen (25 experiments) - - - 0°76 | 2°80 1-91 
Albuminoid nitrogen (25) - - - : - - 0°23 0-72 0-461 
Nitric nitrogen - - - - . - - - — —_ — 
Chlorine (31) - . - - ei oe - : - 2°20 8-60* 5°01 
Oxygen absorbed from KMn0O, in 4 hours (31) - - - 1:06 4°21 2°55 
Dissolved oxygen taken up in 24 hours (17) - - - 1-099 5:103 3-028} 
Suspended solids (6) = = = s a = 2 Mineral, Volatile. Mineral. Volatile. Mineral. Volatile. 
5 5 12 15 8°6 9°3 
* Due to salt melting snow in town. { Corresponding oxygen absorbed from KMnO, = 2°95, 


Number of samples analysed for the average— (See above.) 
Tank Liqguor— 
Average daily flow through the tanks - - : 2 ee 
Amount of sludge dealt with during month - - - 425 tons, (about 50% moisture); 


Average Analysis of Tank Liquor. 



































——— Best. | Worst. | Average. 
Ammoniacal nitrogen (22) - - - - - - 0-68 3°10 : 1:80 
Albuminoid nitrogen (22) - - - - - - 0°165 | 0-695 0°362 
Nitric nitrogen - - - - . - - mee — | = oe 
ce I 2:10 | 7:30* 4-72 
Oxygen absorbed from KMnO, in 4 hours (50) - - - 0°55 | 3°43 1:81 
Dissolved oxygen taken up in 24 hours (17) - - - 0427 3-500 2:181+ 
Suspended solids (8) 5 = es y E 2 Mineral. Volatile. Mineral. Volatile. Mineral. Volatile 
3 3 9 6 5°2 4°2 
* Due to salt melting snow in town. { Corresponding oxygen absorbed from KMnO, = 1°93. 
Number of samples analysed for the average=- (See above.) 
FILTERS— ; 
Amount of tank liquor treated on filters during 
the month - - - - - - 81,000,000 gallons (not including storm water treated 
an additional 25,000,000). 
Average number of fillings per day - - - 1-75 (not including storm water) (6 working days). 
Rate of filtration in gallons per cube yard per 
24 hours” - - - : - - - 88} (not including storm water). 
Average Analysis of Final H fluent. 
| 
sealer Best. | Worst. Average. 
i | 
Ammoniacal nitrogen (33) -  - - - - : 0:20 (1-90 0-984 
Albuminoid nitrogen (33) - - - - - - 0072 | 0:23 0155 
Nitric nitrogen (72) - - - - - - . 1-840 0°10 | 0°457 
Chlorine (45) - - - - - - : - - 2°60 10°30* 4-550 
Oxygen absorbed from’ KMnO, in 4 hours (25 daily 
averages) - - - - - - - - 0°05 1°25 0°417 
(Best individual filter.) |(Worst individual filter.) 
Dissolved oxygen taken up in 24 hours (17) - - - 0049+ 0-658 | 0°431¢ 
* = - ’ - = = _ Mineral. Volatile. | Mineral. Volatile. | Mineral. Volatile. 
Suspended solids (3) 1 ec, nec 
* Due to salt melting snow in town. } Signifies an increase in dissolved oxygen. { Corresponding 


Oxygen ahsorbed from KMnO, = 0°517. 
Number of samples analysed for the average= (See above). 

Remarxs.—As usual, all N. are expressed as NHg, and all results as grains per gallon. All the above analytical 
numbers include storm sewage, tank effluent and filtrate. Ata very rough guess and calculation, about 25,000,000 gallons 
were sent continually through the filters on February 4th and 8th —days of excessive flow. Filter 28, the newest filter, 
was compulsorily stopped during the month on account of constructional work in connection therewith. Its cubic 
capacity is, therefore, not in above, in order to obtain “* average number of fillings,’ and “ rate of filtration.”” 

March 12th, 1994. A. H Valentine, M.Sc. 
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OLDHAM—continued. 


March and April, 1904, 
SEWAGE— 
March. April. _ March, . April. 
Average daily flow 5,198,129 gals. 4,676,200 gals. - Total rainfall 2°50 inches. 1° 48 inches, 


Total, March = 161,142,000 ,, 
Total, April = 140,286,000 _,, > 
Maximum daily flow 13,799,000 _,, 8,871,000 _,, - Rainfall - O58 ,, 0°58 


+b 


Minimum daily flow 2,238,000 _,, 2,146,000 __,, Rainfall - none. none, 


Average Analysis of Sewage: 











——— | Best. Worst. Average. 
Ammoniacal nitrogen (34 experiments) - - - 1:04 3°50 | 2°67 
Albuminoid nitrogen (24). - - - : - - 0°385 1:01 0°622 
Nitric nitrogen - - - - - - - — — os 
Chlorine (54) - : - - 3-0 10°5 6-00 
Oxygen absorbed from KMnO, i in 4 haars (52) - - 1°65 11-31 3°83 
Dissolved oxygen taken up in 24 hours eh) - - - 1-911 10:976 5:174* 
Suspended solids (10) “ = . = = 5 Mineral. Volatile. Mineral. Volatile. Mineral. Volatile. 

8 a 13 55 10°0 16°0 





* Corresponding oxygen absorption, 4 hours from KMnO, =4°476. 
Number of samples analysed for the average = (See above). 
Tank Liqguor— 


Average rate of flow through the tanks - - (See above.) 
March; April. 
Amount of sludge dealt with during the month - . About 505 tons. About 612 tons (50% 
moisture), 
Average Analysis of Tank Liquor: 
a es Best. | Worst. |. Average. 
Ammoniacal nitrogen (32 experiments) - : - 1:20 3°80 2°66 
Albuminoid nitrogen 2 - - - - - - 0°23 0°725 0-485 
Nitric nitrogen : . - - - - - — — tie 
Chlorine (98) - - - : 3°0 8-7 583 
Oxygen absorbed from KMn0, in 4 hee (88) - : - 0°82 6-02 2°79 
Dissolved oxygen taken up in 24 hours (24) - - - 1-064 7714 4:044* 
Suspended solids (3). = = = = = 5 Mineral. Volatile. Mineral. Volatile. Mineral. Volatile. 
5 58 56. 


* Gorresponding oxygen absorption, 4 hours from KMnO, =3°125. 
Number of samples analysed for the average = (See above). 
FILTERS— ieee 


Amount of tank liquor treated on filters during the 





months - - - - . - - 172,800,000 gallons (exclusive of storm water filtered, and. 
not including the quantity on filter 28, which has been 
compulsorily idle the greater part of time owing to con- 


structional work). 
Average number of fillings per day - - - 1:80 (six days per week). 
Rate of filtration in crashes Pe cube cand per 








24 hours 5 - - - 90 (an allowance has been made for a new filter, No. 29,. 
which commenced work on March 21st). 
__ 172,800,000 
36275 x 53 
Average Analysis of Final Effluent. 
wa | Best. | Worst. | Average. 
Ammoniacal nitrogen (54 experiments) - : - - 0-40 2:50 1-28 
Albuminoid nitrogen (54) - - - - - - 0-085 0335 0-19 
Nitric nitrogen (110) - - - - - - - | 1-14 0:08 0°361 
Chlorine (79) - - 3°30 7°30 5°39 
Oxygen absorbed from KMn0, in nd eure (53 Hale averages) oll 3°03 0°67 
(Best individual filter.) |(Worst individual filter.) 
Dissolved oxygen taken up in 24 hours (24) - - - 0°168 ; 0°86* 
Suspended solids (only one—storm water) as S . Mineral. Volatile. Mineral. Volatile. Mineral. Volatile. 





* Corresponding oxygen absorption, 4 hours from KMnO, —0°80. 
Number of samples analysed for the average = (See above). 


Remarxs.—All filters were filled twice per day during the two months, except on Saturdays, when, ashas been the 


case always at these works, the filters were only filled once. On Sundays all the filters rest. 


On March 14th, filters 1-27 were running Soeracl cola for 18 hours; on April 15th, filters 1-22 were running 


continuously for six hours ; on April 22nd, filters 1-27 were running continuously for seven hours—about 
sent through. 

All results in grains per gallon,and N:asNH,:_ 

May 10th, 1904; A. H. Valentine, M.Sc., 


14 gallons. 


Chemist: 
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OLDHAM—continued. 




















SEWAGE— 
: May, 1904. 
Average daily flow’ - - 3,816,580 gallons - Total rainfall - - - 3°82 
Total -  - - - 118,314,000 _ ,, - ‘Average ~ - . - - 123 
Maximum daily flow - - 10,578,000 , - Rainfall - ~ - rer - 15 
Minimum daily flow - 2,116,000, - Rainfall — - - = : - ‘Ol 
Average Analysis of Sewage. 
——— Best. | Worst. | Average. 
Ammoniacal nitrogen (23 experiments). - - - 1°60 | 3°70 | 2°91 
Albuminoid nitrogen (23) - - - - - | 0-385 | 0:96 | 0°686 
BE | | 
‘Chlorine (30) - oo \ re 4°40 12°30 | 6:90 
‘Oxygen absorbed from KMnQ, in 4 hours (31) 0°96 Siar 1 ie 4°33 
Dissolved oxygen taken up in 24 hours (16) 2°877 12°446 ia eg 
‘Suspended solids (7 é 3 £ : _ 2 - | Mineral. Volatile. Mineral. Volatile. Mineral. Volatile. 
Bd ie <) 10 es 38 hol 2 pees 
7 * Corresponding oxygen absorption 4 hours from KMn0,=4'99. 





Number of samples analysed for the average= 


‘Tank Liguor— 
Average rate of flow through the tanks.. (See above.) 
Amount of sludge dealt with during the month, 544 tons (about 50% moisture). 


Average Analysis of Tank Liquor. 

















er c Best. Worst. Average. 
Ammoniacal nitrogen (22 experiments) - = = 2 1°40 4:00 3:98 
Albuminoid nitrogen (22) - - - - - : 4 0°23 0°65 0°599 
Nitric. nitrogen - =) Ws =. % 2 : : 
‘Chlorine (47) -~ - - - - - - - - 2°50 9°00 6°52 
‘Oxygen absorbed from KMnO, in 4 hours (50) — - - 0°79 7:00 3:09 
Dissolved oxygen taken up in 24 hours (16) - - - 3°458 9:233 595% 
: d solids (4) - = z 3 rs 4 et = Mineral. Volatile. Mineral. Volatile. Mineral. Volatile. 
‘Suspende (4) ss > “ : oy st 








* Corresponding oxygen absorption 4 hours four KMnO,=3'552. 
Number of samples analysed for the average= 


Finters— . 
Amount of tank liquor treated on filters during the month, 74,578,000 gallons. 
1244 bed fillings 


Average number of fillings per day, 1°57 = "26 working days % 30% beds 


(No. 28 bed taken as 3, as it was 
compulsorily resting $ the month). 
Rate of filtration in gallons per cube yard per 24 hours, 78°5 + 


Average Analysis of Final Effuent. 














meres Best. Worst. Average. 
Ammoniacal nitrogen (37 experiments). - - - - 0°36 | 2 80 1°595 
Albuminoid nitrogen (37) - - - - - - = 0095 / 0°36 0241 
Nitric Nitrogen (67) - - . - - - 2 - 0°53 | 0°09 0°225, 
Chlorine (44) - - - - - - = 5 3°00 8°10 6°13 
Oxygen absorbed from KMn0Q, in 4 hours (26 daily aver.) 0°23 215 0°855 
‘ ‘ (Best individual filter.) (Worst individual filter.) 
Dissolved oxygen taken up in 24 hours (16) - . 0°63 2°198 1'270* 

; : 2 ud 4 . = % ns E Mineral. Volatile. Mineral. Volatile. Mineral. Volatile. 

Sere solids (2) P | - ; i j 





* Corresponding oxygen absorption 4 hours KMnO,=0'984. 
Number of samples analysed for the average = 


Remarks.—It should be noted that in the “average analysis of final effluent oxygen absorbed from KMnO 4 in 
4 hours,” between 15-24 analyses are done daily ; therefore 26 x (15 to 24) analyses are done during the month. 
All results in terms as heretofore. 
A. H. Valentine, M.Sc. (Chemist). 
June 13th, 1904. 


344 APPENDIX: 


OLDHAM. 
June, 1904. 


SEWAGE— 


2,897,967 gallons. - Total rainfall = - - 1°79 inches. 


Average daily flow - . 
86,939,000 _,, 


Total - - - - 





Maximum daily flow - - 7,068,000  ,, - Rainfall —- e Wereg ee ns 
Minimum daily flow - - 1,658,000 + Rainfall - - - - ae 
Average Analysis of Sewage. 
ig Mahe Best. Worst. Average. 
Ammoniacal nitrogen (24 experiments) - - - 2°20 3°80 323 
Albuminoid nitrogen bd - - - - 0°505 115 0°750 
Nitric nitrogen - - - - - - - - - — — — 
Chlorine (30) = 2208 eee Me eet 5°40 14°70 7°78 
Oxygen absorbed from KMnO, in 4 hours (26) - - - 2°62 9°60 475+ 
Dissolved oxygen taken up in 24 hours (17) _—- . - 3°745 13°825 9 887* 
Suspended solids (9) - - = bs s = = - | Mineral. Volatile. Mineral. Volatile. Mineral. Volatile. 
43 33 172 23°4 














* Corresponding oxygen absorbed from KMn0O, (4 hours )= 5143. 
Number of samples analysed for the average = 


Tank Liquor— 


Average rate of flow through the tanks - - 2,897,967 gallons. 
Amount of sludge dealt with during the month - about 4824 tons (about 50% moisture). 


Average Analysis of Tank Liquor. 


a SS ee 








a | Best. Worst. Average. 
Ammoniacal nitrogen (24 experiments) - a - 1'80 4°40 3°50 
Albuminoid nitrogen a - - - - 0'36 077 0°557 
Nitric nitrogen - - - - - - - - - — -- _ 
Chlorine (47) - - - - - - - - - 2°60 8°90 7°61 
Oxygen absorbed from KMn0Q, in 4 hours (47) - - - 0°68 5:29 332+ 
Dissolved oxygen taken up in 24 hours(17) - - - 1°652 11°662 7°935* 
1 - i a z 2 4 < . | Mineral. Volatile. Mineral. Volati’e- Mineral. Volatile. 
Suspended solids (5) 4 ; : 1D pobgee fe 
* Corresponding oxygen absorbed from KMnO, (4 hours) = 3°522. z 


Number of samples analysed for the average = 


FILTERS— 
Amount of tank liquor treated on Filters during the month - - 


Average number of fillings per day : 
Rate of filtration in gallons per cube yard per 24 hours - - 


62,500,000 gallons. 
1°403 (6 days per week). 
62°5 + 


Average Analysis of Final Effluent. 


a 


oe | Best. Worst. Average. 
ee ee 
Ammoniacal nitrogen (42 experiments) - - - - 0°32 2°60 176 
Albuminoid nitrogen Pe - - - 0°09 0°41 0°27 
Nitric nitrogen (82) - - Actas - - - - +4°00 0°06 0°24 
Chiorine<48). <a: athe Ber Bed 3°10 8/20 6°95. 
; 0°54 ; . 

Oxygen absorbed from KMn0O, in 4 hours (26 averages) { as daily average. \ 1°46 0°977 
Dissolved oxygen taken up in 24hours(17) - -— - 0°637 2°583 1°589* 

calc z ie e € t, S a , Mineral. Volatile. Mineral. Volatile. Mineral. Volatile. 
erie a solids (3) ‘ oe : 3 











i —————— —— 





+Certain group of filters after resting 14 weeks. 
* Corresponding oxygen absorbed from KMnQ, (4 hours) = 1°053. 
Number of samples analysed for the average — 


¥ 
RemMARKS.—AII results in tefms as usual. 


July 19th, 1904. A. H. Valentine, M.Sc. (Chemist). 


as 


x 
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July, 1904. 
SEWAGE— : 
Average daily flo -+ - 9,659,452 gallons - Total Rainfall . - - - - 1°42 inches. 
Total - - - - 82,443,000 _,, Average - . 0°0458_—,,, 
Maximum daily flow - - — 4,881,000, - Rainfall - - - - - 0°36 _—C,, 
Minimum daily flow - - 1,525,000. ,, - Rainfall - - - ~ none. 
Average Analysis of Sewage. 
——— | Best. | Worst. Average. 
ia —— 
Ammoniacal nitrogen (23 experiments) - - . - 2°50 4°00 3°452 
Albuminoid nitrogen (23) ——- - . - - - 0°60 3°25 0976 
Nitric nitrogen - - - - - - - - — —_ “= 
Chlorine (31) - . - - - - - - - 5°60 - 10°30 7842 
Oxygen absorbed from KMnQ, in 4 hours (26) - - 3°48 15°58 5°719 
Dissolved oxygen taken up in 24 hours(16) - .- , - 6°769 18°200 11°495* 
-d solids (6 Shape 4 2 3 ¥ -.| Mineral. . Volatile. Mineral. Volatile. Mineral. Volatile. 
Pipe onde te epics (6) i 14 5 81 24°38 35-1 
* Corresponding 4 hours oxygen absorption from KMnO, = 6°483. 
Number of samples analysed for the average = 
Tank Liquor— | 7 
Average rate of flow through the tanks - - 2,659,442 gallons. 
Amount of sludge dealt with during the month - about 396 tons (50°/> moisture). 
é Average Analysis of Tank Liquor. 
— Best. | Worst. | Average. 
Ammoniacal nitrogen (21 experiments) - . - - 2°70 4°70 3°948 
Albuminoid nitrogen (21) - - - - - - 0°46 0°72 0°590 
Nitric nitrogen = Fs = - - - - - — — — 
SN OPO Ee 4°50 9°80 | 8110 
Oxygen absorbed from KMnQ, in 4 hours (45) . - 2°55 5°67 3°916 
Dissolved oxygen taken up in 24 hours (16) - - - 5°754 11°718 9°290* 
Suspended solids (6) & = ss B = A » Mineral. Volatile. Minera]. Volatile. Mineral. Volatile. 
6 i! 13 21 8-6 1071 
* Corresponding 4 hours oxygen absorption from KMnO, == 4021. 
_Number of samples analysed for the average = 
FILTERS— 
Amount of tank liquor treated on filters during the month - 61,615,000 gallons, ; 
Average number of fillings perday - ~~ - - - - - 1188. 
Rate of filtration in gallons per cube yard per 24 hours - . 575+ 
Average Analysis of Final Effluent. 
ie 
wees Best. Worst. Average. 
Ammoniacal nitrogen (37 experiments) - - - - 115 2°95 1°795 
Albuminoid nitrogen (37) - - - - - - 0°185 0°36 0°281 
Nitric nitrogen (72)(NH,) - - ere aes + 1°450 Océ 0°210 
Chloride (42) - : - = - - = - : 4°40 8°70 7414 
Oxygen absorbed from KMnQ, in 4 hours (26 daily | ; 
averages) - - - - - - Ste 0°785 1598 1154 
° (As daily average.) (As daily average.) 
Dissolved oxygen taken up in 24 hours (16) - - - - 1148 3°402 2-069* 
Suspended solids (2) - - - - - — = Mineral. Volatile. Mineral. Volatile. Mineral. Volatile. 
| } 1 4 4 











+ After 15 weeks’ rest ; the highest for filters working regularly = 0°92. 
* Corresponding 4 hours oxygen absorption from KMnO, = 1°258. 


Remarks.—A new filter came into operation on July lst. 
stopped for some days owing to constructional work on a tank effluent carrier, otherwis 
of fillings per day,” etc,, would have been nearly the same as for June, 
with milk of lime and copperas ‘solution was started on account of the strength of the sewage. 


grains per gallon. 
August 17th, 1904. 


6225—Ap. I. 


A certain number of fi 





Iters were compulsorily 
e “the average number 
On July 21st chemical treatment 


All results in 


A. H, Valentine M.Sc. (Chemist). 


2x 
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OLpHAM—continued, 
SEWAGE— ; 
Average daily flow - 4,821,420 gallons - Total Rainfall 
Total - - - 149,464,000 _,, - ; 


24,442,000, : 
1,401,000 . ,, : 


Maximum daily flow - 
Minimum daily flow - 


Rainfall - 


Rainfall (August 22) - 


= = 














Average Analysis of Sewage. 

ss Best. 
Ammoniacal nitrogen (17 experiments) - - - "76 
Albuminoid nitrogen (17) - - - : - - | 33 
Nitric nitrogen a Se a, ae | — 
Chlorine (31) - . - - . - - : - 2°90 
Oxygen absorbed from KMnO, in 4 hours (27) . - 2°46 
Dissolved oxygen taken up in 24 hours (16) - - - 1°638 
Suspended solids (8) = = 5 # = 2 é Mineral. Volatile. 

| eit 14 





Worst. 


4°40 

1°20 
9°60 
9°03 

15°374 


Mineral. 


29 





22 


* Corresponding 4 hours oxygen absorption from KMnO,=4 664. 


Number of samples analysed for the average= . 


Tank Liquor— : 


Average rate of flow through the tanks -  - - - 
Amount of pressed sludge dealt with during the month - 


Average Analysis of Tank Liquor. 











(See above.) ; 
About 382 tons of 50°/, moisture. 


Vola’ ile. 


August, 1904. © 
- 6°01 inches (1) 


- + 105 inches () 


- none. 


| Average. 


2°85 
“708 
6°79 
4°273 
7°896 * 


Volati'e 
20°0 . 


Mineral. 


18°7 
































--- Best. ~ Worst. Average. 
Ammoniacal nitrogen (18 experiments) - . - - 68 4°40 2°76 
Albuminoid nitrogen (18) - Pe - - 23 65 "452 
Nitric nitrogen ee eR free) ae - —_ _ _ 
Chibtine (50). = te "oer =~) Gee 1°60 10°40° 6546 
Oxygen absorbed from KMn0O, in 4 hours (48) - 68 4°96 2°71 
Dissolved oxygen taken up in 24 hours (16) © - - - 812 9°240 5°18 7* 
Suspended solids (6) s = 2 = = = = Mineral. Volatile. | Mineral. Volatile. Minera’. Volatile. 
5 4 15 Say 2 5°6 
* Corresponding 4 hours oxygen absorption from KMnO.=2'814. 
Number of samples analysed for the average= . 
FILTEers— j 
Amount of tank liquor treated on filters during the month - 78,200,000 gallons. 
Average number of fillings per day - - - - Poe by P 
Rate of filtration in gallons per cube yard per 24 hours - - 70°6. 
Average Analysis of Final Effluent. 
— | Best. Worst. Average. 
Ammoniacal nitrogen (29 experiments) - - - - ‘27 2°50 1'28 
Albuminoid ‘nitrogen{9) == * po 075 335 "214 
Nitric nitrogen as NH3 - - - - - . ~ "92 08 | "172 
Chlorine (46) - - - - - - - - - 2°60 9°40 5°99 
Oxygen absorbed from: KMnO, in 4 hours (27 daily averages) "40 ‘470 “808 
(As daily average.) (As daily average.) ; 
Dissolved oxygen taken up in 24 hours (16) - - - 273 2975 1°382* 
ids (5 a a Le i E r = Mineral. Volatile. Mineral. Volatile. Mineral. Volatile. 
Suspended solids (3) : 7 37 oo 








* Corresponding 4 hours oxygen absorption from KMnO,=0'888. 
Number of samples analysed for the average= . 


ReMaRKs.—All results in grain per gallon. 


quantity collected. On August 22nd, a generally wet day throughout the country, 
on inspection on the morning of August 23rd, there was 1°05 inches in the por 


amount registered in Manchester, it is probable that there was a rainfall of 2 inches on August 22nd. 
August 22nd, to 5 a.m., August 23rd. The gaug 


continuous rain from 12.30 a.m., 


September 16th, 1904. 


a (rn ne EEE EESnESniEnreaenaplorear ETDS nan 


The above rainfall is probably an inch lower than the actual 
the measuring glass broke, though 
tion remaining. J a es Sok the 


here was 


e measurements are taken at 10 a.m. 


A. H. Valentine, M.Sc. (Chemist). 
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OLDHAM—contonued. 
September, 1904. 
SEWAGE — 


Average daily flow - 2,975,066 gallons -- Total Rainfall 


: 2°43 inches. 


‘ 
‘ 
t 














Total - = = = 89,252,000° Average - = SOmyORE 
Maximum daily flow - - 10,802,000 _,, - Rainfall - ee al - 13) ane 
Maximum daily flow -_ - 1,509,000, ad. MiRamiall |- <- +i © = . ponel 
Av-rage Ana'ysis of Sewage. 
E ; 
_—_—— ' Best. | Worst. Average. 
Ammoniacal nitrogen (18 experiments) - . - - =a || 2°70 4°20 3°49 
Albuminoid nitrogen (18) - i . - - - - 0°62 2°30 0°908 
Oy SSS Sn ee -— — -- 
ieee |) ce CU 340 10°80 7°51 
Oxygen absorbed from KMnQ, in 4 hours (26)- eeets 2°13 10°00 4°50 
Dissolved oxygen taken up in 24 hours (16) | - “|= 5°28 18°34 8°90* 
Suspend d solid 1 = ez) Se aoe ~° | Mineral. Volatile. Mineral. Volatile. Mineral. Volati'e. 
Bomiee erts. (10) : ; yt: 12 27 65 13°0 24°6 














* Corresponding 4 hours oxygen absorption from KMnO, = 4°96. 
Number of samples analysed for the average = 
Tank Liquor -— 


Average rate of flow through the tanks - - 2,975,066 gallons daily. ; 
Amount of sludge dealt with during the month - about 438 tons pressed sludge of 50 % moisture. 


Average Anabysis of Tank Liquor. 





——— Best. Worst. 




















| Average. 
Ammoniacal nitrogen (19 experiments) - - - - 2°60 4°80 3°87 
Albuminoid nitrogen (19) RS Nee oe a 0°72 0574 
Nitric nitrogen - - - - - - - — a — 
Cilorime(as ein fA A- Ry eS 2°40 9°80 7°723 
Oxygen absorbed from KMn0O, in 4 hours (48) - - 1°35 5°05 3°20 
Dissolved oxygen taken up in 24 hours (16) - - - 3°48 9°73 7:03* 
Suspended solids (8) Serer - z = = - | -Mineral.—-Volatile.—|—Mineral..- Volatile. |. Mineral. Volati'e. 
: 7 0 7 9 5°6 76 
nN TRIS aU RII Sac ee ee ee Te $$$ 
* Corresponding 4 hours oxygen absorption from KMnO, = 3°43. 
Number of samples analysed for the average = 
FILTERS— 
Amount of tank liquor treated:on filters during the month - 72,750,000 gallons. 
Average number of fillings per day - : . - - - 1°37. 
Rate of filtration in gallons per cube yard per 24 hours - - 68°2. 
Average Analysis of Final Effluent. 
— | Best. Worst. | Average. 
ma ies: 
Ammoniacal nitrogen (31 experiments) - - - : 1°10 . 2°60 1°821 
Albuminoid nitrogen (31). - . - - - - 018 - 0°32 0°265 
Nitric nitrogen (NH,) (74) sReeey tf ag SS 320 0°08 0°20 
Dermot NB. re Ore + 200" 7 9°20 723 
Oxygen absorbed from KMnOQ, in 4 hours (26 daily 
averages) - — - - - - - - - 0°14 1°39 0°949 
4 (As daily average.) (As daily average.) 
Dissolved oxygen taken up in 24 hours(16) -  -_ - 0°735 2°121 1°380* 
. vd a E be s ef i = Mineral. Volatile. Mineral. Volatile. Mineral. Volati'e. 
Suspended solids (7) : — oie 





* Corresponding 4 hours oxygen absorption from KMnO, = 1°03. 
Number of samples analysed for the average = 


RemarKs.—Chemicals (copperas and lime) were used on every Monday and Tuesday during the month, starting 
from 11.30 a.m. and continuing to 6.30 p.m. All results in grains per gallon. 


October llth, 1904. A. H, Valentine, M.Sc. 
6225—Ap. I. rx 2 
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APPENDIX: 


OLDHAM—continued, 


October, 1904. 




















SEWAGE— a 
Average daily flow - 3,805,580 gallons Total Rainfall - - 297 inches 
Tote! = - 117,978,000. .,, 4 Average - <P) - Sk: Sas he 
Maximum daily flow - 13,326,000 __,, Ran: RaMisiiaeeeog ~~. fs oe sof 08. 9g 
Minimum daily flow - 1,741,000 _,, - Rainfall - - - - - - none. 
Average Analysis of Sewaze. 
a Best. Worst. Average. 
ce bea 
Ammoniacal nitrogen (32 experiments) - - - - 1°32 4-00 5 é 3°038 
Albuminoid nitrogen (23) - - - : - - | 0°425 1°34 0°747 
Nitric nitrogen - - - - - - - - _ a — 
Chlorine (31) ----9- eee ee Be 8? 3°90 j 14°40 7374 
Oxygen absorbed from KMnQ, in 4 hours (26)- - ——- 2°61 8°83 4°40 
Dissolved oxygen taken up in 24 hours(17) -~—- - 3°507 18°375 8°607* 
Suspended solids (11) - z Is 2 x - | Mineral. Volatile. Mineral. Volatile. Mineral. Volatile. 
5 -13 5 38 9°4 1972 











* Corresponding oxygen absorbed from KMnO,, 4 hours = 5°00. 
Number of samples analysed for the average = 


Tank Liquor— 


Average rate of flow through the tanks- — - - - - - 
Amount of sludge dealt with during the month about - -_~—- 





3,805,580 gallons per 24 hours. 
360 tons (50 per cent. moisture). 











Ammoniacal nitrogen (32 experiments) 
Albuminoid nitrogen (23) =" = <hr Mee 
Nitric nitrogen - - -~ - : - 
Chlorine (49) - - 2 = S Ver : 
Oxygen absorbed from KMnQ, in 4 hours (47) - 


Dissolved oxygen taken up in 24 hours (17) 


Average Aualysis oy Tank Liguor. 
Best. | Worst. 
- - = - 0°92 4°40 
- | 0°23 0°67 
- - 1°70 ~ 9°30 
- - 1°42 - 625 
- - - 2°562 9°394 
=, sy Mineral. Volatile. Mineral. Volatile. 
5 2 


Suspended solids (10) - a é 3 i 











* Corresponding oxygen absorbed from KMnQ,, 4 hours = 3°251. 
Number of samples analysed for the average = 


FILTERs—- 


Amount of tank liquor treated on filters during the month - 


Average nu nber of fillings per day - 


- - - - - « 


Rate of filtration in gallons per cube yard per 24hours- -~ - 


Average Analysis of Final Effluent. 


1°49, 
733. 








oe iia | Best. 
Ammoniacal nitrogen (38 experiments)  - - . . 0°26 
Albuminoid nitrogen (38) - - - = af ps 0°09 
Nitric nitrogen (70) - Si) Se he SOE EIES 0°80 
Chlorine (44) - - - - - - : - 2°60 
i - - - 0°28 
Oxygen absorbed from KMn0Q, in 4 hours (26) te eae 
Dissolved oxygen taken up in 24 hours (17) —- - : 0°630 
Suspended solids (7) - - — - 2 ‘ et piney. oa 





——. 


Average. 


t 3°072 


O°515 
6°998 
2°978 : 
6512* 


Vol tile. 
ce | 


Mineral. 
53 


78,250,000 gallons. 


| Worst. | Average. 





2°70 
0°39 
' 0°06 


8:60. 


1°345 
(As daily average.) 
2°191 


Mineral. 


0 





* Corresponding oxygen absorbed from KMnO,, 4 hours = 0-981. 
Number of samples analysed for the average = 


f 
ReMARKS.—Results as usual ; grains per ga 


llon and N as NH. 


Volatile. 
6 


1'506 
0241 
0°160 

_ 6409 
0870 
1°446* 


Volatile. 
33 


Mineral. 
O'7 


A. H. Valentine, M.Sc. (Chemist). 
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Novernber, 1904. 



























































* Corresponding 4 hours O. absorption from KMnQO,=0°732. 
Number of samples analysed for the average= 


SEWAGE— : 
Average daily flow - 5,340,000 gallons - Total Rainfall — - - - - - 5°52 inches. 
Potal 2) °- - 160,200,000 ,, - Average- . - - - - 0184 ,, 
Maximum daily flow - 19,037,000 __,, - Raintall - - - - - = AG 7S... 
Minimum daily flow - 2,090,000 __,, 2 Rainfall 4 - - - - - nil. 
Average Analysis of Sewage. 
Si — ss @ | 
Sata Best. | Worst. | Average. 
Ammoniacal nitrogen (27 experiments) = - ~ . - 0°96 4°20 5 
- Albuminoid nitrogen (27) - - - . - - - 0°335 | 113 | 0670 
Ree mR - = a ae 
: 7 om 
PP PemMeO acibe? Hilts 6H} yte ec Qe.” 3°10 14°70* | 6°71 
Oxygen absorbed from KMnQ, in 4 hours (26) - ihiatcel 1'91 172 | 3°73 
Dissolved oxygen taken up in 24 hours (18) - - - 1°169 ) 14°588 636+ 
Suspended solids (9) 2 : =~ = . = 2 - | Mineral. Volatile. | Mineral. Volatile. Mineral. Vola ‘ile. 
ys zt: 10 x Perk ST > 40) elo, Tease 
* Due to salt used in melting snow in streets. 
+ Corresponding 4 hours oxygen absorption from KMn0O,=4'17. 
Number of samples analysed for the average= __ 
Tank Liquor— 
Average rate of flow through the tank - - -- 5,340,000 gallons daily. 
- Amount of sludge dealt with during the month ~- about 409 tons (50 per cent. moisture). 
Average Analysis of Tank Liquor. 
——— Best. | Worst. Average. 
Ammoniacal nitrogen 17 experiments) = - - - - 0°72 . 4°40 2°78 
Albuminoid nitrogen (17) - - : - - - - 0°21 | OT 0°474 
Nitric nitrogen - - - - - - - - - SS = a 
Chlorine - - - - - - - - - - 1°70 9°80 6°40 
Oxygen dissolved from KMnQ, in 4 hours (47) - - - 0°50 4°60 2°61 
Dissolved oxygen taken up in 24 hours(18)  - -~— - 0658 | 10°262 4°87* 
ended solids 9)-- 4 2 zs z = a be Mineral. Volatile. | Mineral. Volstile. Miveral. Volatile. 
ia (9) | 2 i 13 7 47 76 
* Corresponding 4 hours oxygen absorption from KMnOi=2°79. 
Number of samples analysed for the average= 
FILTERS— : i 
Amount of tank liquor treated on filters during the month - 92,495,000 gallons. 
Average number of fillings per day - - . - - 159+ 
Rate of filtration in gallons per cube yard per 24 hours - - 82'4- 
Average Analysis of Final Effluent. 
1 ene Best. | Worst. Average. 
: | 
Ammoniacal nitrogen (46 experiments) = - : = - 0°18 2°65 | Lk 
Albuminoid nitrogen (46) - - - - way 0°05 0°36 0°207 
Nitric nitrogen (86) - - - - - - - - 0°92 0°07 O171 
Chlorine (47) - - oes - - - | 2°40 9°10 6°04 
4 ees de rcce coats | O11 1°312 0°650 
Oxygen absorbed from KMnO in 4 hours (26) regen cee ite feerertodene 5 
Dissolved oxygen taken up in 24 hours” - - - - | 07140 2°051 0°894* 
: wy ‘: 4 s a = “ Mineral. Volatile. Mineral. Volatile. M'neral. Volatile. 
fo ae solids (10) 0 0 2 4 we 5 


ReMArKs.—A new filter comes into operation at the beginning of November On several days during the 


month the filters were only filled once (during day time) on account of thick fog. 
Results as usual. (rains per gallon and N. as NH; 


A. H. Valentine, M.Sc. (Chemist). 


December 7th, 1904. 

































































350 APPENDIX: 
OLDHAM—continued. : 
December, 1904. 
SEWAGE— ie 
Average daily flow- — - : 5,631,387 gallons - Rainfall - - - - 4°94 inches. 
Total - - - - 174,573,000 - ,, . _ Average - - rates LF: Moo ee 
Maximum daily flow - - 13,939,000 _,, - Rainfall - - - : O'e82—, 
Minimum daily flow - - 2. 635,000 en. - Rainfall - - - - nil. 
. Average Analysis of Sewage. 
oe Best. Worst. Average. 
Ammoniacal nitrogen (23 experiments) - - - - 1°40 3°90 2°63 
Albuminoid nitrogen (23) - - - - - - = 0°30 0°96 0°637 
Nitrie:nitrogen (=. (hie) be SE Eee — _ 
Chlorine (31) - - - - - - - - - 3°40 7°90 5'81 
Oxygen absorbed from KMnQ, in 4 hours (27) - -—- | 1°37 5°37 3°33 
Dissolved oxygen teken up in 24hours (17) —- . - 2°625 10°101 aap ee 
ded solids (8) - = y = 4 = _ Ss Min2r&l. Volatile. Mineral, Volatile. Minera’. Vo'atile. 
Suspended solids (8) ‘emia tts 6 37 23 12-12 2189 
Corresponding 4 hours oxygen absorption from KMnO, = 3°53. 
Number of samples analysed for the average = ° 
Tank Liquor-- 
Average rate of flow through the tanks - - -. 5,631,387 gallons per 24 hours. 
Amount of sludge dealt. with during month -  - 458 tons (of about 50 % moisture). 
Average Ana’ysis of Tank Liquor. 
pans | Best. Worst. Average. 
. ; | a 
Ammoniacal nitrogen (24 experiments) - - - - 1°00 4°10 2°52 
Albuminoid nitrogen (24) - - . - - - - 0°195 0°67 0°450 
Nitric nitrogen - . - - - - - - - — — _ 
Chlorine (49) - - -ok - = - : - - 2°10 8°90 5°56. 
Oxygen absorbed from KMnO, in 4 hours (45) - - 0°61 4°35 (2:27 
Dissolved oxygen taken in 24 hours (17) - - -) 1°470 8°428 4:08* 
Sus ended solids (8) - - - - 5 = iE 2 Mineral. . Volatile. M'neral. Volatile. Mneral. Volati’e. 
ne Sy ied 3 | 7 46 61 
* Corresponding 4 hours oxygen absorption from KMnO, = 2°43. 
Number of samples analysed for the average =. 
FILTERS — 
Amount of tank liquor treated on filters during the month - — ++ 95,830,000 gallons, 
Average number of fillings per day - - - - ~ 158+. 
Rate of filtration in gallons per cubic yard per 24 hours - - -' 82°92. 
Average. Analysis of Fina! Effluent. 
a Best. | Worst. | Average. 
Ammoniacal nitrogen (42 experiments) = - - - 2) 0°13 2°45 1175 
Albuminoid nitrogen (42) - - - - - "| 0°085 0°29 0°185 fi 
Nitric nitrogen (86) - - - - - - - 0°84 0:07 0143 
Chlorine (47) - - - - - - - : - | 3°00 7°30 5:34 
Oxygen absorbed from KMnO, in 4 hours (27) - —- | 0°03 1°294 0°519 
< | (As daily ave~age.) (As daily average.) ies 
D:ssolved oxygen taken up in 24 hours (17) __ - - | 0°364 "834 0°733* 
ded solids (5) - : > Z é ni 4 - | Mineral, Volatile. | Mineral. Volatile. | M‘neral. Volitile. | 
Suspended solids (5) ne ee : Ls a 








” Corresponding 4 hours oxygen absorption from KMnO,; = 06114. 
Number of samples analysed for the average 


REMARKS.—Results in terms as usual. _ On four days during the month, owing to thick fog, many filters were 
filled once only instead of twice, thereby affecting “average number of fillings per day,” etc. 


January 11th, 1905, A. H. Valentine, M.Sc. (Chemist). 
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Mr. James B. WitKINSON, M.D. (EDIN.), D.P.H., F.C.S., Medical Officer of Health for the Borough of Oldham. 
and in charge of the Oldham Sewage Works, called in ; and Examined. 


22565. (Chairman.) You are Dr. James B. Wilkinson, total, 14,333. Water closets, 2,828; water Mr. James B. 
Fellow of the Chemical Society, and in charge closets, 12,049; latrines, 1,448; total, 16,325. The Wilkinson, 
of the Oldham Corporation Sewage Works ?—Yes. number of population using pail closets is about 75,000. M.D. (Edin.}, 

22566. And you have come before us to-day to give Those using water, waste water, etc., about 65,000. . FCS. 
evidence with regard to your experience of the This is only an approximate figure. sean > 
treatment of sewage, with special reference to the Old- 


waste 





ham Sewage Works ?—Yes. 


22567. What is the population draining to the Old- 
ham works ?—About 140,000. 


22568. What is the system of drainage—that is to say, 
is the storm water either wholly or partially drained 
into a separate system, and if only partially, to what 
extent ?—The drainage system is a combined one, and 
all the storm water finds its way into the sewers, though 
it does not all reach the sewage works. 


22569. Is there any infiltration of subsoil water into 
the sewers ?—Very little of the ground or subsoil water 
finds its way into the sewers, as even the old sewers 
are very water-tight. The borough surveyor estimates 
only about 100,000 gallons per day. 


22570. What is the water supply per head, and from 
what source does it come?—The water supply is ob- 
tained from moorland gathering grounds, situated 
among spurs of the Pennine range of hills in the West 
Riding of Yorkshire; the supply is about 23 gallons 
per head (inclusive both of domestic and trade supply). 


22571, Is it hard or soft water /—Very soft water, 3-4 
degrees ap 


22572. What is the drainage area of the part of the 
town which is sewered ?—Practically the whole of the 
inhabited portion of the town is sewered, and the 
drainage from an area of about 3,700 acres reaches the 
sewage works. The remaining portion of the town is 
grass land, very sparsely populated. 


22573. What proportion of the population use pail 
closets or middens and what proportion use water 
closets ?—The number of pail closets, etc., in the town 
is as follows:—Pail closets, 14,308; cesspools, 25; 
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29574, Has the flow of sewage to your works been 1] May 1905. 


gauged? If so, what is the average number of gallons 
delivered at the works per day of 24 hours in dry 
weather (1) in winter and (2) in summer ?—The amount 
of sewage reaching the works is registered and recorded 
by an automatic gauge which has been in use since the 
works commenced. The average amount of dry weather 
flow is about (1) 4,500,000 gallons in winter and (2) 
2,700,000 gallons per day in summer. 


22575. What is the maximum dry weather rate of 
flow, and at what hour does this occur 2—The maximum 
is at the rate of about 6,700,000 gallons per day, and 
the greatest flow as a rule from 6 to 7 p.m. 

99576. What is the minimum dry weather rate of 
flow, and at what hour does this occur !—The minimum 
is at the rate of about 750,000 gallons per diem, and 
occurs from 4 to 5 a.m. 


29577. What is the maximum wet weather rate of 
flow which you have observed coming to the works, 
and during how many hours has this continued 7— 
36,000,000 gallons per day. This flow continued for 
a considerable number of hours during the day— 
exactly how many the fluctuations of the gauge render 
it dificult to caleulate—but on this day over 24,000,000 
gallons reached the works. 


22578. What storm overflows have you on your 
sewers, end at what rate or rates of flow do they come 
into operation ?—The Borough Surveyor replies to this 
question as follows :—There are overflows on the old 
sewers when connected to the main intercepting sewer. 
These connections calculated to discharge an ultimate 
flow based upon the following data:—60 persons per 
acre (statute), 35 gallons per head per day, plus 4 in. 
of rainfall in 24 hours. 


SEWER. 
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Type sketch showing system of intercepting old sewers. 


29579. What is the largest number of gallons of 
sewage which have passed the last storm overflow and 
come to your works in 24 hours 224,000,000 gallons. 

22580. Can you say what is the volume of water in 
gallons represented by the average yearly rainfall on 
the drainage area?—The average yearly rainfall in: 
Oldham is 48-50 inches, and is equal to about 
5,200,0°0,000 gallons. ; 

22581. Can you give the Commission an approximate 
statement as. to (a) the volume of sewage which comes 
to your works during the year ; and (b) the volume 
which passes over your overflows ?—In 1902 and 1905 
the amount which veached the works was: 1902, 


1,466,128,154 gallons (rainfall, 47°30 inches); 1903, 
2,062,406,000 gallons (rainfall, 63-61 inches). The 
amount passing over the storm overflows on the sewers 
1s not estimated. 


22582. Does the infiltration of subsoil water into 
the sewers occur regularly, or does it vary with the 
seasons or with the state of the weather; and can you 
give an approximate idea of the extra amount of liquid 
at one and another time entering the sewers from this 
source?—The amount of subsoil water gaining the 
sewers increases somewhat in wet weather and in the 
winter. The only approximate idea as to the amount 
is that which is given by the difference between the 





Mr. James B. 
Wilkinson, 
M.D. (Edin.), 
PNAS. 
F.C.S. 





11 May 1905. 
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dry weather flow in winter and the dry weather flow in 
sumer. ‘the former averages about 4,500,000 gallons 
per day, and the latter about 2,700,000 gallons per day. 
This amount includes also drainage from springs, old 
land drains, and water from land not built upon, and 
is not true subsoil water. 

22583. How many gallons of trade effluents enter the 
sewers daily (24 hours), and what is the nature of these 
effluents ?—There are practically no true trade effluents 
in the town; there are small quantities of sewage from 
tripe works, slaughter-houses, and a small quantity 
of brewery refuse and from small dye works. The 
effluent from the mill reservoirs is the most notahle 
pollution. The contents of these reservoirs when foul 
or putrid are often emptied into the sewers, and render 
the sewage very concentrated. 


22584, Has your authority framed any rules as to the 
reception of trade effluents into sewers !—No. 


22585, Do you find that the trade effluents interfere 
with the process of purification /—Except for the 
effluent from the mill reservoirs rendering the sewage 
very concentrated and foul the amount of trade effluent 
is not in sufficient quantity to affect the purification of 
the sewage. One notable exception may be mentioned, 
when on one occasion a large quantity of beer was 
turned into the sewers. The effect on the filters was 
very marked, throwing them out of working order for 
3 or 4 days. 

22586. In dry weather what is the average amount 
of suspended matter in the sewage, and what are the 
highest and lowest figures in parts per 100,000?— 
Average, 47:9 grains per 100,000. Minimum, 10 grains 
per 100,000 (first fine day after heavy rains) ; maximum, 
188-6 grains per 100,000 (evidently mill reservoirs being 
emptied). 

22587. What is the physical character of these solids ? 
—Fine ashes, flocculent material, cotton fibre, and 
organic material and fat. 

22588. Can you give us average analyses of the sewage 
for the years 1903 and 1904, in summer and in winter? 
—The results are given in the tables which are handed 
in. 


22589. Is it a “strong” sewage, and, if so, what 
characterises its strength ?—The sewage would, I think, 
be best described as “a strong domestic sewage.” 


22590. Does its strength vary very much from hour 
to hour or on different days of the week, and, if so, do 
these variations affect the quality of the final effluent 
to a marked degree?—Yes; the variation in the 
strength of the sewage is considerable, both in the day 
of the week, and, as is usual, in the time of the day. 
On Monday and Tuesday the sewage is usually very 
strong, supposed to be due to these days being the 
general washing days in the borough. The variations 
affect the quality of the effluent to some effect. 


22591. How do you think “strength” of sewage as 
affecting purification is best expressed or measured ?— 
Probably the number of grains of oxygen absorbed by 
the permanganate test is as good as any, except where 
there is an excess of acid or chemical ingredient. 


22592. Have you any information as to the bacterio- 
logical condition of the sewage ?—No. 


22593. Are there any chemical poisons in the sewage ? 
—No. 


22594. Is the sewage always alkaline ?—Generally 
almost neutral or very slightly alkaline. 


22595. Do you find that the amounts of suspended 
solids are increased or diminished in times of storm, 
and can you give the Commission the figures at the 
end of each hour during a storm of some hours’ dura- 
tion?—At first the amount of suspended solids is in- 
creased very rapidly after a storm, the increase being 
more marked where there is a sudden rush of water, 
but after a short time, depending on the amount of 
flow, the amount rapidly decreases. 


22596. How many years ago were your sewers laid, 
and do you know whether they have sunk much in ° 
places, so as to allow solids to accumulate ?—The older 
sewers were laid 30, 40, or more years ago; the newer 
main intercepting sewer, which practically forms a 
belt round the town, was laid about eight to ten years 
ago. There is very little sinking, and the older sewers 
are mostly laid at very steep gradients, which pre- 
vents the accumulation of solids. The newer inter- 
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cepting sewer has a much slighter fatf, and when there 
is a small flow there is some deposit in this sewer. 


22597. In what way or ways do you think the sewaga 
which comes to the works should be dealt with in storm 
times ?—This depends considerably on the condition of . 
the sewer and the fall or the rapidity with which the 
sewer reaches the works. In our works, at the com- - 
mencement of a storm, more than three times the | 
normal amount would be dealt with advantageously by 
the ordinary tanks and filters, while later on consider- 
ably less than three times the normal flow is often quite 
fit to be turned direct into the stream. With sufficient 
tank room the first flow can be dealt with on the 
ordinary plant. The sedimentation of our storm water 
after the first rush in a quiescent tank gives a very 
clear effluent. This treatment would not be sufficient 
for the first rush of storm water, and even when settled 
in a quiescent tank the sludge deposited by the after- 
flow very soon putrefies. 


22598. What shape and size are your storm over- 
flows ?—There are no storm overflows at the works ; 
those on the sewers have been previously described. 


22599. Would it be possible to have a standard form 
of overflow ; and how would you fix the point at which 
overflows should be allowed to come into operation ?— 
Possibly in some towns where there is a very regular 
How, and probably with a satisfactory result. In large 
works, with an experienced man in charge, a much 
better result would be obtained by observing the condi- 
tion of the sewage. 


22600. Do you think that the point at.which storm 
overflows should come into operation should depend on 
the configuration of the land, e.g., whether it is hilly or 
flat, etc., and upon the -character of the surface soil 
geologically ?—Yes, certainly. dans 

22601. Should storm overflows be fixed or movable? 
—Movable, in large works, most certainly, * 


22602. Do you think the number of dilutions at which 
storm sewage may properly be allowed to pass into the 
stream should be dependent upon the size and nature of 
the stream into which the storm sewage would pass ?— 
Yes, upon the relative size of the volume of the stream 
to that of the amount of sewage discharged into it, 
zather than the actual size of the stream; and upon the 
rapidity of the flow in the stream also. 


22603. Have you had any experience of the separate 
system of drainage?—No, beyond the knowledge that 
the first washings from the streets is an exceedingly 
polluted liquid. 


22604. Is your sewage settled, and, if so, how; i.e., 
by quiescent settlement or continuous settlement ; and 
what length of time does it stay in the tanks or take to 
pass through, as the case may be? Would you kindly 
give an average analysis of the tank liquor, including 
the figures for suspended solids ?—The Oldham sewage 
passes through sedimentation tanks, of which there are 
12 parallel ones. The flow through them is continuous, 
The tanks are 128 ft. long, 36 ft. wide, and 6 ft. 2 in. deep, 
and they each have a capacity of 176,000 gallons. There 
are usually from six to eight of them in use, and the 
time the sewage takes to pass through varies from 4 to 
10 hours or more, the variation depending on the flow 
of sewage, the amount of sludge in the tanks, and the 
number of tanks in use. An analysis is given in the 
tables which are handed in. >. 


22605. Have you data to show what proportion of the 
suspended matter in your sewage is settled in 34-hour, 
1, 2, 3, 4, 5, 6, 12, and 24 hours, if the sewage is given 
quiescent settlement ?—No. ; 


22606. What time would be necessary for you to gain 
a good tank liquor containing, say, no more than 6 or 8 
parts of suspended solids per 100,000 from your sewage 
(without the addition of chemicals), (1) by quiescent 
settlement, (2) by continuous flow settlement P— 
Probably 6 to 8 hours in continuous flow settlement. 


22607. Do you prefer to use settlement tanks in series 
or in parallel ?—Our tanks are in parallel, but per- 
sonally I should prefer tanks to be divided by a cross 
wall into two. Where the sewage is not desired to 
become septic probably there is not a great deal of 
difference. 

22608. In the case of continuous flow tanks do you 
think there is any advantage in the employment of 
baffling boards or walls ?—I have had no experience. 


22609. How is the sludging of tanks done at your 
works, and what is the character of the sludge? Have 
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you means of storing sludge, or do you have to get rid 
of it as soon as it is removed from your tanks ?—The 
flow into the tank is shut off. The supernatant liquid 
is drawn off by a floating arm on to special filter beds. 
The sludge then either flows or is pushed into the sludge 
channel where it is mixed with slaked lime. The 
mixed sludge is then lifted to a ram from which it is 
forced by compressed air into the presses. There is no 
nuisance. There are two large tanks into which the 
sludge, when too thin to be pressed, can be pumped 
and then allowed to settle. The pressed sludge is either 
carried away by farmers or dumped into a large valley 
in the works. 


22610. Should the heavy (road detritus, etc.) portion 


of the suspended matter in sewage be removed as a first , 


operation, or do you think it better and more econo- 
mical to let everything settle in the tanks, and subse- 
quently to screen the sludge?—Road detritus, ashes, 
etc., are best removed by preliminary detritus tanks, 
they interfere with the sludge pressing. 


22611. What is the manurial value of the sludge, and 
will farmers take it?—-No thorough analyses have been 
made, but from observations and experience it has an 
excellent effect on grass lands. It contains a consider- 
able quantity of nitrates, but is very deficient in phos- 
phates; probably the lime in the pressed sludge is also 
beneficial. Most of the farmers in the neighbourhood of 
the works use it for their grass land. There is no culti- 
vated land in the district. 


22612. Are there any chemical poisons in it ?—No. 


22612*. Do you find any nuisance from the treatment 
of sewage in settlement tanks? Have any complaints 
been made ?—No. 


22613. Have you had experience of the chemical pre- 
cipitation ‘of sewage ?—Chemical precipitation was the 
method in use at these works for about three years. 


22614. Have you any reason to think that sewage 
from which the solids have been removed by the aid of 
chemicals is less easily purified by subsequent filtration 
than sewage from which the solids have been removed 
by settlement or by passage through septic tanks ?— 
The general observation was that simple sedimented 
sewage gave a better result from the filter beds than 
that precipitated by chemicals, and that the cost of 
chemicals was, as a rule, unnecessary : on the other hand, 
where the tank accommodation is small, or when, as 
occasionally at our works during hot, dry weather, the 
sewage is very concentrated and rapidly becomes septic, 
it is necessary to use chemicals to induce a more rapid 
precipitation. A septic effluent, if containing the same 
amount of solids gives a better result than either. 


22615. Have you tried various chemicals ?—Only lime 
and copperas. 


22616. What is the most effective way of adding 
chemicals ?—At the Oldham works the lime was added 
as lime-water and the copperas in solution. The 
amount was varied automatically, according to the 
amount of sewage flowing down, by an apparatus de- 
vised by the late Mr. Henry Law, and consisting of floats 
acting on valves. 


22617. Whiat length of time did the sewage remain in 
the tanks ?—There was a continuous flow through the 
tanks, taking from 6 to 12 hours to pass through. 


22618. Did you find it necessary to add further chemi- 
cals to the sludge before it could be dealt with? If so, 
for what reasons, and what chemicals did you use, and 
how were they added ?—It is,necessary to add lime to 
the sludge to kill the grease before it will press readily. 
The chemically precipitated sludge appeared to press 
better than the sedimented, probably owing to the lime 
being more intimately mixed with the sludge. Slaked 
lime is added and mixed by manual labour. 


22619. What was the manurial value of the sludge 
obtained by the chemical precipitation of the sewage, 
and would farmers take it?—I would refer you to my 
reply to a similar question as regards sludge from sedi- 
mentation tanks. There is no difference. 

22620. Did it contain any chemical poisons —No. 

22621. Did you find any nuisance from the treatment 
of sewage in chemical precipitation tanks? Were any 
complaints made?—No. _ 

« 22622. As regards septic tanks, how should they be 
shaped ?—Rectangular; and probably advantageous to 
have the floor shaped so that the part of the sludge can 
be drawn off from time to time without emptying the 
tank, ne Pas, 
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22623. Should they be divided into sections, and Mr. James B. 


should they be used in series or in parallel ?—I should 


prefer them in either series or with walls dividing them M.D. (Edin ) 
D 


into sections, as we found that the sludge was broken 
up by the process of fermentation and lumps carried 
to the surface, and if this happened near the outlet end, 
a considerable amount of solid matter was carried over. 
If the heavier sludge were retained in the first tank or 
section, less solids would be carried over. 


22624. Is a scum necessary or desirable ?—I have no 
evidence to show; but the result of some experiments I 
made was that liquefaction or re-solution of the organic 
material took place much more rapidly in the dark, and 
by forming a cover to the tank the scum may be of 
assistance, and also allow greater bacterial growth. 


22625. Should the septic tank be closed in, and, if 
so, what advantages does a closed tank possess over an 
open one ?—If the scum is of any value, then covering 
in the tank is also valuable, as the scum becomes broken 
up and entirely cleared off the surface by rain, and more 
especially wind; otherwise we found no advantage. 


22626. What do you consider the best. arrangement for 
the “feed” and “draw-off”’—I have very little ex- 
perience, except that the draw-off must be below the 
surface, and, if it is desired to have an air-tight tank, 
the feed also. 

22627. At what rate is sewage, as a matter of custom, 
passed through your septic tanks ?—Not possible to say 
through the septic tank. 

22628. Whiat is the most advantageous rate of flow 
through septic tanks ; is.it possible to “ over-septicise ” 
a sewige ; and what is the amount of digestion ?—I 


cannot give you any reliable information on these 
points. 


22629. Do you think a certain amount of sludge 
should be removed periodically from septic tanks, or 
do you prefer to work them for a considerable period 
without cleaning and then remove all the sludge ?— 
I am in favour of drawing off the sludge while working. 


thus conducing to a greater capacity in the tanks and 


more regularity in working. 


22630. How do you think the sludge should be taken 
cut of the tank, and how should it be disposed of? 
Does any nuisance attend the operation?—We have 
found great difficulty in pressing the sludge from septic 
tanks, and it has been allowed to solidify in storago 
tanks, and, by drawing off the surface water, allowed 
to dry naturally. 


22631. Do you find that the suspended solids coming 
away with the tank liquors tend to increase in amount 
towards the end of the period of working, 7.e., as the 
time approaches for removing sludge from the tank ?— 
Yes, considerably. 


22632. Should any portion or the whole of the sewage 
which arrives at the outfall works in storm times be 
passed through the septic tanks ?—The first portion of 
the storm water must be treated, and if not in too great 
an amount and too long continued, appears to cause no 
great harm to the septic tanks. 


22633. If storm sewage is passed through a septic 
tank, does this cause an increase in. the amount of sus- 
pended solids issuing from the tank, and, if so, can you 
give us figures (in parts per 100,000) showing what the 
increase is /—I have no information on this point. 


22634. May you admit storm sewage to your septic 
tank to an extent which raises the ordinary level of the 
liquid, without serious detriment to the functions of 
the tank ?—I have had no experience of this. 


22635: With certain automatic gear the level of the 
liquid in a septic tank fluctuates. Have you made any 
observations for the purpose of determining whether 
such fluctuations disturb the proper working of the 
tank in any way as, ¢.g., by causing an increased 
pert of suspended solids to issue from the tank !— 

O. 

22636. Do you find that septic tank liquor is more 
easily treated on filters than settled sewage or than 


. precipitated sewage, assuming that in each case you 


have the same amount of suspended solids in your tank 
liquor? Kindly state what observations you have made 
on this point along with what you consider the reasons 
for advantage or disadvantage of the one or other pro- 
cess?—A better effluent is obtained from the filters 
from a septic tank effluent, and this effluent seldom 
undergoes putrefaction when incubated. A filter 
effluent from a septic tank of the same standard as that 
from a sedimentation tank is much less likely to again 
undergo putrefaction. 


oY; 


Wilkinson, 


F.C.S. 
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22637. Are the impurities in. solution in sewage. 
materially different from the impurities in solution in, 
septic tank liquor ?—I have had_no experience. 

22638. Have you any data on the relative value of 
plain septic tanks, and septic | tanks filled with 
rough stones or flints /—No. ; 

22639. Do you find any nuisance from the treatment 
of sewage in septic tanks? Have any complaints been 
made ?—No. 

22640. Do you think it desirable that the suspended 
solids in sewage should be removed as far as practicable 
before sewage 1s filtered 7—Yes. 


22641. May I ask you to put before the Commission 
a full statement of your views as to the comparative 
cost and relative advantages of the various methods of 
settlement. I am not sure whether it would be pos- 
sible for you to make this comparison on the assump- 
tion that in each case you reduce the same sewage down 
to the same figure for suspended solids, but if this could 
be done it would be useful to include a comparison. on 
this basis?—I am unable to give any comparison as to 
the cost of the various methods. The procedure which 
I believe will be most effective at the Oldham 
works, and which I expect will shortly be tried, 
is that of combined sedimentation and __ septic 
tanks. I have advised this for the following reasons : 
—({1) With sedimentation tanks we do not get such a 
good effluent from the filter beds as with a moderately 
weak septic tank effluent. (2) If the whole of the 
sewage is treated in septic tanks, when the tank becomes 
properly - septic, giving a good result, the solid 
sludge begins to break up, and the suspended solids 
become considerably increased, and when these tanks 
are emptied, the sludge is pressed with difficulty, even 


' when considerable quantities of lime are added. The 


method I have suggested is to run the sewage after it 
passes the detritus tanks into a sedimentation tank witha 
continuous and moderate flow, taking from two to four 
hours to pass through. In this tank all the heavier 
solid sludge will be deposited, and these tanks being 
emptied at frequent intervals, the sludge will be pressed 
while fresh. From this tank the partially settled 
sewage will flow into the two lateral tanks with a flow 
of from 4 to 10 hours, and these tanks will be maintained 
as open septic tanks. By this method, I anticivate, we 
shall obtain what is a most satisfactory tank effluent for 
filter beds, viz., a weak tank effluent; maintain the 
septic tanks at their greatest capacity, as there will be 
little sludge in the tanks, and they will only require 
cleansing at long intervals. 


22642, As regards contact beds, is it advisable to 
construct the whole or any part of the interior of build- 
ing materials, or may you in some cases dispense with 
this entirely ?—Possibly a somewhat clearer effluent 
may be obtained when the walls and floor of the filter 
bed are constructed of impervious material, but all our 
filter beds are lined with timber, only the floor being 
the: natural soil. No disadvantage has been found té 
result ; of course, our works are far removed from any 
source of water supply, and the subsoil is more or less of 
a clay. With chalk or a sandy soil it might be abso- 
lutely necessary to make the beds watertight to prevent 
contamination of water supplies. 


22643. Do you find that within certain limits the 
depth of contact beds may vary without affecting their 
efficiency? Ifso, what limits do you think are permis- 
sible ?—A few years ago I carried out some experiments, 
the following being briefly the procedure and results: 
—Glass tubes were inserted in a filter bed in such a 
way that the sewage in the bed could be admitted to 
them and drawn off for testing at any period after 
filling the bed. The depths at which the sewage could 
be drawn were 6in., 12in., 18in., and 24in. The 
general results were that (1) the sewage in the upper 
layers of the bed were much more rapidly purified than 
in. the deeper layers ; (2) a rough idea was obtained, 
that the sewage at 6in. depth was purified to the same 
extent in one hour as the sewage at 18 in. in two hours 
and’ the sewage at 2ft. in three hours’ contact. From 
these and other observations, I came to the conclusion 
that beds above 3ft. deep would not be so satisfactory 
or economical in the working. 

22644. What do you consider the most convenient 
size for a contact bed ?—This depends entirely upon the 
amount of sewage. The beds should be able to be filled 
in one or one and a half hours for economical working. 

22645. What do you find to be the best filtering 
materials? What is the material (which can be had in 
practicable quantity) that, while efficient, is, in your 
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experience, the least disintegrable in a contact. bed ?— 
Our earher beds were constructed of screened mill 
ashes. In,the year 1900, I suggested that the clinker 
from the refuse destructors should be broken up, 
screened, and used for this purpose. Their use has 
proved satisfactory, and for the last three years prac- 
tically all the clinker from the refuse destructors (ex- 
cept the fine material) has been used to construct our 
filter beds. It is a hard material, and appears to dis- 
integrate very slowly. The mill ashes disintegrate 
much, more rapidly and assist in the growth of weeds. 
and diminish the capacity of the beds. 


22646. What size should the filtering material be, and 
should it be graded P—All material passing a jin. mesh 
is removed. The beds are not graded. 


22647. How should the bottom af the bed be con-, 
structed P—Ours have two rows of drain pipes in the 
bottom of the bed, and there is'a gradual slope towards 
these. ; 


22648. Do you think it generally advisable that sew- 
age should be subjected to some form of tank treatment 
before it is put on contact beds?—The Oldham sewage 
would very quickly block up the beds unless it was 
treated first in tanks. 

22649. What periods of filling, standing full, empty- 
ing, and standing empty do you consider best in, prac- 
tical working ?—Filling, 14 hours ; standing full, 2 to3 
hours; and remaining empty, 2 to 6 hours. 

22650. How should contact beds be filled and 
emptied ?—The Oldham beds are filled either from wood 
or pipe channels on the surface of the bed. These 
either cross the bed or radiate from one point. The 
beds are emptied slowly at first, and when about half. 
empty the valves are open to the full bore. 


22651. Have you had experience of automatic gear 
for filling and emptying contact beds?—No. 

22052. What amount of tank liquor per cubic yard 
of filtering material can, in practice, be properly treated: 
in a primary contact bed in 24 hours? If the amount 
varies with the quality of the tank liquor, please state 
by analyvicel figures what quality of tank liquor you: 
are assuming in your answer, and how differences in the 
tank liquor affect the amount that can be properly 
treated ?—With an average tank effluent of, say, 3-5. 
grains of oxygen in 100,000 in 4 hours’ test, and a filter 
bed in which the working is well established, I do not 
consider that above 100 gallons per cubic yard can be 
economically treated, having regard to the life of the 
bed, though a much larger quantity than this can be 
efficiently treated ; but the life of the bed will be, in my. 
opinion, considerably lessened. I am referring to single 
contact beds. — ; ee ing BRN 

22653. Can this quantity be increased by more fre 
quent filling and emptying in times of storm, without 
impairing the efficiency of the beds or the quality of the 
effluents ?—Yes; a flow of weak sewage through a filter 
bed occasionally has often very beneficial results. Even 
a continuous flow through the beds for some hours 
seems to act rather beneficially than otherwise if the 
sewage is sufficiently weak. 

22654, Is.ene contact sufficient for the conversion of 
certain tank liquors into a satisfactory effluent? If so, 
please state in precise terms (i.e., by analytical figures) 
of what tank liquors you are speaking, and what effluent 
you are regarding as satisfactory ?—Yes; with, say, 3 
hours’ contact, and a tank effluent not exceeding 4-6 
parts per 100,000 of oxygen in 4 hours’ test. If a longer 
contact is given, a much worse sewage will give a satis- 
factory effluent. ; 


22655. At what rate or rates do contact beds lose_ 
their water-holding capacity P—No definite figures can. 
be given by me, but they rapidly lose their capacity to 
about 35 per cent. of the original, and if not overworked 
and with occasional rests, the capacity can be maintaimed 
at 30 to 35 per cent. for several years. Five years after 
use our beds showed little alteration from this. 0 

22656. Is the loss of capacity in direct. proportion to 
the volume treated and the amount of suspended solids 
contained in the liquid which is put into the bed, or to 
the fineness or coarseness of the material of the bed, or 
on what does it depend?—The loss: of capacity is in 
direct proportion (a) to the volume treated and-to the 
amount of suspended solids contained in the liquid ; 
(b) to the fineness of the material of the bed ;_(c) to the’ 
liability of the. material of the bed to undergo dis-. 
integration. Clogging is also caused hy. insufficient: 
drainage of the bed after contact. 
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- 22657. Can the material of a clogged bed be washed, 
,and, if so, how can this best be done, and at what cost 
per cubic yard ?—I have no experience as to this. 


22658. What is the average analysis of your contact 
bed effluent ?—Analyses are given in the tables which 
have been handed in. 


22659. Do you find any chemical poisons in your final 
effluent ?—No. 


22660. What is the average amount of suspended 
matter in (a) the primary bed effluent, and (b) the 

secondary bed effluent? Does most of this suspended 
- matter come out with the first flush or not ?—Analyses 
are given in the tables. 


22661. Is the first flush of effluent ever putrescible ?— 
Yes, if taken by itself. 

22662. May contact beds in times of storm be used as 
streaming filters without detriment to their customary 
efficiency, and, if so, do you think there are advantages 
in so working them?—yYes; and after’ being so used, 
and a rest, the results of future filling are better. 


22663. What was the cost of your contact bed in- 
stallation per acre, and how much liquid do you treat 
per acre per 24 hours in ordinary times and in storm 
times !—Our contact beds cost from £1,000 to £2,000 
per acre. All beds are used as single contact, though 
arranged so that if necessary in the future some of them 
can be used as second contact beds. The depth is an 
average of 3ft. 

22664. Do you find any nuisance from the treatment 
of sewage on contact beds? Have any complaints been 
mada ?—No, 


22665. Have you had any experience of continuous or 
percolating filters?—I have no practical experience. 
From the information given me on visiting places where 
percolating filters are in use, my impression is that the 
amount of sewage which can be efficiently passed 
through them is much about the same per cubic yard as 
in contact beds. 


22666. (Colonel Harding.) How long have the tanks 
at Oldham been going ?—(Mr. Wilkinson.) The contact 
beds were started in 1897. 


22667. Then your experience at Oldham with the 
contact beds is an experience of eight years?—From 
1897 ; October, 1897, I think. 


22668. Perhaps you can answer this point, Mr. Wil- 
kinson ; have you found that you have reached the 
point with your contact beds when it is necessary 
either to renew the material or to wash it?—Yes, we 
have at present in two or three of the oldest beds. 


22669. Can you tell us how long under the conditions 
at Oldham a contact bed can go on without having 
either its material renewed or washed ?—I think that 
requires some qualification; it depends to a great 
extent—at least my experience shows—upon the 
amount of sewage that you treat on it. 


22670. Clearly, but with the conditions you have at 
Oldham how long were you able to run your contact 
beds before you reached that?—In the first four years 
we treated practically as much as was treated at first ; 
during the last two years we have been considerably 
_ pressed to treat the whole of our sewage without having 
sufficient beds, and in consequence we have been over- 
working them, and that, I think, is the reason that has 
shortened their life very considerably. 


22671. Are you able to give an answer to my ques- 
tion, in the conditions of over working in the later 
period how long have they in fact lasted before they 
reached the time when it was necessary ?—That is a 
question I could not answer, because for the first four 
years—at the end of four years—they were practically as 
good as they were at the first.year, and if we had gone 
on using them at the same rate they would probably 
have kept in the same condition. 


22672. As a matter of fact, when did any of them reach 
the condition when it was necessary to either renew 
or wash?—Well, we are using them all at the present 
time. 

22675. They have not reached it at all ?—We can use 


them, but the capacity of course has been considerably 
reduced. =... 


22674. How far may one use a contact bed ; down to 
- what point of reduced capacity is it practical to use a 
contact bed before one must wash it out?—As long as 
it will take the sewage. 


6225—Ap. I. 
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_ 22675. Well, not as long as it takes any sewage, for 
it reaches a time that the amount of the sewage it 
takes is too small. This is rather a practical ques- 
tion, not a theoretical one. I am putting it to you. 
It may be that it would take sewage for many years 
In minute quantities, but the point is a practical one ; 
down to what amount capacity reduction can you work 
a contact bed?—I should say it would not be econo- 
mical treatment when it gets down to 15 per cent. 


22676. 15 per cent. of what ?—Of the total capacity. 


22677. About 30 per cent. of the original water capa- 
city ?—Yes. 

22678. Can you tell us from your experience at Old- 
ham, working under conditions which in your opinion 
would not overwork the beds, how many years would 
contact beds be able to last before they reached that 
position ?—I am of opinion that they may last a very 
considerable number of years. ~ 


22679. What do you call a very considerable number 
of years—seven, ten, fifteen?—I cannot tell you; for 
this reason, that at the end of four years they were 


practically of the same capacity as they were the first 
year. 


22680. Then we are to take it from you that the con- 
tact beds you have had working for eight years at 
Oldham are still working and capable of working for 
some time longer ?—Oh, certainly ; only the older ones 
do not take so much sewage. 


22081. Your experience does not permit you to 
express an opinion how long a, contact bed may 
be worked in practice before reaching the time when 
1t 1s necessary to wash out the material ?—When it 
becomes ecouomical to renew it ? 


22682. Yes; you cannot tell us?—I could not, be- 
cause our beds were working at the end of four years as 
well as they were the first year. 


22683, You cannot give us that information; you 
say you cannot tell us when it would be reached, 
but when it is reached is it practicable to wash 
the material’—That depends on the material. In 
some of the early beds the material has fallen very 
considerably, and if they are washed there will be 
very little material fit to be put into the beds again. 
Our newer beds are made of a very much harder 
material, which does not fall away readily when it is 
washed, and a very large proportion of it will be able to 
be put into its place again. 

22684. If suitable material is used, do you con- 
sider it generally practicable to wash the material of 
the contact bed ?—Quite so. 


22685. You have not been able probably to form any 
estimate as to what the cost would be?—No, 


22686. I do not know whether you have heard it 
stated that the price elsewhere has. been something like 
Is. 6d. to 2s. a cube yard ?—I have heard it stated at 
from 1s. up to 1s. 6d. per cube yard. 


22687. You are unable to say probably whether that 
is a likely figure or not ?—I have not any experience of 
the cost; I could not say. 


22688. But I gather from what you have told us 
that you largely appreciate the importance of the ques- 
tion of disintegration in connection with the reduction 
of capacity in the contact beds?—Oh, yes; that is a 
great feature. 


22689. And the great aim will be to get material 
which is not friable or is only friable to a small a 
degree as possible ?—That is so. 


22690. Can you throw any light on the best kind of 
material, having that point in view ?—The material we 
use at present, as far as I can see, is thoroughly satis- 
factory—that is crushed clinker from the refuse de- 
structors, which is almost.a slag. 


22691. Is it thoroughly well vitrified? If you have 
destructor clinker in some cases insufficiently vitri- 
fied, it is extremelyfr-able !—Yes ; if insufficiently burned, 
but ours passes through a crusher, and then it is screened 
so most of the material of a friable nature is broken up, 
and goes away in dust. 


22692. It has been suggested to us that it would be 
worth while to thoroughly wash such material befora 
putting it into a new bed for the purpose of eliminating 
the small friable portions ; do you think that would be 


‘practicable ’—I do not think that would be any benefit 


at aJl, so far as our material is concerned. 
yey aa 
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22693. You do not think so in this instance ?—The 
material, if it is properly screened, is perfectly clean. 

$2694. You have had at Oldham, I understand, no 
experience of your own on percolation filters?—No, I 
have not. 

22695. (Major-General Carey.) These effluents from 
your contact beds discharge directly into the rivert— 
Yes. 

22696. Have they always been satisfactory (—I think 
the average has always been satisfactory. 

22697. Does it comply wich che standard of the 
Mersey and Irwell Board ?—Yes. 


22698. Always?—Yes, I think the effluent always, 
except perhaps I might say a very occasional exception 
during the very hot summer, when the sewage becomes 
exceedingly concentrated ; that is very occasional. 


22699. (Chuirman.) Mr. Wilkinson, on Question 
22624 you say that liquefaction took place much more 
rapidly in the dark. Now may I ask whether your ex- 
periments were extensive ?—They were not very exten- 
sive. 

22700. And on Question 22636, there again you say that 
a better effluent is obtained from filters from a septic 
tank effluent; were your observations numerous ?— 
They are the results of the analyses by Mr. Valentine, 
the analyst, and by Mr. Wylie, who preceded him. 

22701. There have been a great number of analyses ?— 
Oh, a considerable number, extending practically over 
four or five years or more. 

22702. (Mr. Stafford). On Question 22601.—Should 
storm overflows be fixed or movable? You say movable, 
in large works, most certainly. Why are you of opinion 
that they ought to be movable?—For the reasons 
given in one of the preceding questions. I think that 
we find that if we fix the storm overflow, drawing the 
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water off at certain dilutions, the earlier flow will be 
in a seriously polluted condition, whereas the later 
flow at a much less dilution of the ordinary flow would 
be a very much weaker sewage than even you are _re- 
quired to send into the rivers. 


22703. The reason I ask is because yesterday we got 
quite a different answer from some person, who was 
quite as positive that they ought to be fixed ?—Well, 
that is my opinion, 


22704. (Major-General Carey.) The regulations as to 
the overfixy are, in your cz‘nica, to be left to tka 
local authority, to the surveyor /—I should think where 
you have experienced men in charge of the works he 
is a much better judge when he should send his sewage 
into the stream than any fixed overflow possibly could 
be, because it is simply automatic; it sends it in 
when there is a certain number of dilutions. 


22705. No doubt, but it places a great responsibility 
upon him ?—Undoubtedly. 


22706. (Mr. Stafford.) Question 22166, Is thefirst flush 
of effluent ever putrescible? You say, Yes. What do 
you intend to do with it ; it is putrescible liquor ; are 
you going to discharge it into the river /—I take it that 
is only the first flush from the drains in the filter peas, 
because, mixed with the rest of the effluent from the 
bed itself, it does not become putrescible ; it dilutes 
it sufficiently. 


22707. Yes, but what becomes of it; do you dis- 
charge it into the river in this putrescent condition 7— 
It mixes with the effluent from the other beds; it is 
simply the first water that comes from the actual drains 
that are in the bed. 


22708. (Colonel Harding.) Do you think its putresci- 
bility would not appear in the mixed effluent which is 
composed largely of first and last flows from various 
beds ?—No, that is my reason. 
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22709. (Chairman.) You have kindly come before us 
to-day, Mr. Fowler, to give further evidence with regard 
to your experience of the treatment of sewage, with 
particular reference to your work at the Manchester 
Corporation Sewage Works. 

22710. What is the general treatment of sewage 
at Manche:ter ?—Principally septic tanks follow-d by 
single contact. 


22711. What is the population draining to the Man- 
chester works ?—The population draining to the sewage 
works at Davyhulme is 575,000. This is inclusive of 
portions outside the city area which drain into the city 
sewers by agreement, but exclusive of the districts 
recently added to the city, viz., Withington and Moss 
Side, which have sewage works of their own. 


22712. What is the system of drainage—that is to say, 
is the storm water either wholly or partially drained 
into a separate system, and, if only partially, to what 

“extent ?—The area is almost entirely drained upon the 
“combined system,” almost alt the storm water is ad- 
mitted, the excess over a defined quantity being passed 
off by storm overflows. Certain small areas and 


separate buildings, where circumstances permit, are 
drained on the separate system, but their total area is 
inconsiderable. 


22713. Is there any infiltration of subsoil water into 
the sewers ?—Yes ; Mr. Baldwin Latham has estimated 
it at 6,000,000 gallons per day. 


22714. What is the water supply per head, and from 
what source does it come?—The water supply ofethe 
city may be taken at an average of 29 gallons per head 
per day, viz., 16 gallons per head for domestic and 13 
gallons for trade purposes. It is derived partly from 
reservoirs in the Longdendale Valley between Shef- 
field and Manchester, and partly from Thirlmere in 
the Lake district. 


22715.Is it hard or soft water 2—Manchester water is 
a soft water. 


Temporary hardness ‘14 
Longdendale | Permanent _,, 343 pe 100,000 (Roscoe 


| Total 3°57} and Schorlemmer) 

22716. What is the drainage area of the part of the 
City which is sewered?—The drainage area contri- 
buting to the Davyhulme works may be taken as 11,800 


Parts CaCO, 


i] 
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acres. ‘his includes portions of the out-districts ad- 
mitted to the sewerage system under agreement, but 
does not include certain unbuilt areas. 


22717. What proportion of the population use pail 
closets or middens, and what proportion use water 
closets ?—About 624 per cent. of the city population use 
pail closets and middens, and 374 per cent. use water 
closets. This will apply to 560,000 of the population 
draining to the works; for the remainder figures are 
not available. 


22718. Has the flow of sewage to your works been 
gauged? If so, what is the average number of gallons 
delivered at the works per day of 24 hours in dry 
weather in winter and in summer ?—Yes ; the results 
are given in the report of Rivers Department 
for year ending March 30th, 1904. The average flow 
per 24 hours in winter dry weather (October to March, 
inclusive) is found to be 26,481,000 gaNons, and in 
summer dry weather (April to September, inclusive) 
25,511,000 gallons. 


22719. What is the maximum dry weather rate of 
flow, and at what hour does this occur ?—The maximum 
dry weather rate of flow taken over a period is 37,236,000 
gallons per 24 hours, occurring at 2 p.m. 


22720. What is the minimum dry weather rate of 
flow?—The minimum dry weather rate of flow taken 
over a period is 18,644,000 gallons per 24 hours, occur- 
ring at 6 a.m. 


22721. What is the maximum wet weather rate of 
flow which you have observed coming to the works, 
and during how many hours has this continued ?—The 
maximum wet weather rate of flow observed was from 
9 p.m. to1l p.m. on August 6th, 1900, when it reached 
222,625,000 gallons per 24 hours. 


22722. What storm overflows have you on your 
sewers, and at what rate or rates of flow do they come 
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into operation ?—There are in all 215 storm overflows Mr. Gilbert J. 
Fowter, 
D.S6) FEC. 


on the sewezage system. They were designed to come 
into operation at a dilution of five to one. 
% 


22723. What is the largest number of gallons of 12 May 1905. 


sewage which have passed the last storm overflow an1 
come to the works in 24 hours?—The greatest daily 
flow recorded was on Tuesday, August 7th, 1900, when 
163,624,000 gallons passed down to the outfall works. 


22724. Can you say what is the volume of water in 
gallons represeuted by the averaye yearly rainfall on 
the drainage area?—The average yearly rainfall for 
three years amounts to 315 in. on the sewered area of 
Manchester, 1.¢e., on 11,800 acres. This represents 
8,408,597,400 gallons per annum. 


22725. Can you give the Commission an approximate 
statement as to the volume of sewage which comes to 
the works during the year, and the volume which 
passes over the overflows?—The volume which comes 
to the works during the year is from 12,000 to 13,000 
million gallons. The volume which passes over the 
overflows cannot be accurately stated. 


22726. Does the infiltration of subsoil water into the 
sewers occur regularly, or does it vary with the seasons 
or with the state of the weather; and can you give an 
approximate idea of the extra amount of liquid at. 
one and another time entering the sewers from this. 
source ?’—Probably the amount of subsoil water is. 
greater by one to two million gallons in winter than 
in summer time. 


and vice versa. 


F 22727. How many gallons of trade effluents enter - 
the sewers daily (24 hours), and what is the nature of 


these effluents? If you have analytical figures, 


please give them ?—The following is a careful estimate- 
of the character and quantity of the chief trade effluents. 


in Manchester :— 





vot Gallons per day. 





Biewers, Bottlers, Mineral Water Manufacturers, &c. 


Dyers, Bleachers, &c. - - - S : : 3 


Tanners, Leather Dressers, kc. - sever areas - 


Oil and Grease Refiners, Candle Makers, Soap, Size, &e., Works — - - - ; - 


India-rubber Works - 4 = : “ : a 


Galvanizers and Brass Finishers, including cooling water from wire rollers - - 


750,000 
550,000 
Bits ei eh a wee esa shyt 20,000 
80,000: 


29,000: 


550,000 


Chemical Manufacturers, including Sulphate of Ammonia Works, Tar Distillers, Aniline 


Works, Alkali, &c. ee ie ee eee 


Slaughter Houses (including Public Abattoirs), Tripe Dressers- - -~ - aS 
Railway Companies, Carriage Washings, Sponge Cloth Washings, Engine Cleaning, &c. - 


SE 


Trafford Park Engineering Works, principally cooling water = - - - - : 


- = - - - - 


1,150,000 
15,000 
150,000 


50,000 
500,000 





2 


Say - 32 million. 


SSS 


This may be taken at 14 per cent. of the daily dry 
weather flow. A large proportion of this volume is 
made up of comparatively uncontaminated liquids, 
such as cooling water and washing-off water. In our 
sewers, and not included in the above list, are large 


volumes of hydraulic engine water, water run off from 
the public swimming baths, condenser water, etc. I 
hand in analyses of typical samples of various trade 
effluents. 


The amount continues in excess of: 
the normal for some time after a period of wet weather - 








Mr. Gilbert J. 
* Fowler, 
DiSceekaleO. 





12 May 1905. 
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TYPICAL SAMPLES OF VARIOUS TRADE EFFLUENTS 
; tt ‘ p 




















Toure’ ara _ | Acidit 
pivent. | Ogyon | Oxygen |ARumaninel| Ato?) dn terms Rete | Chlorine | setetion, 

Cototir Works & «= ob frrobsras 49°14 1-06 1°65 560 | See 470-0 ni 
Galvanising Work - . — — — — 1,657 S : g — 17,857 
Rubber Works 228-57 x oe fst (Strongly, #24 es = 
Ammonia Recovery 708 °57 411°43 823 12°76 — eg = = pia: 
Benzole Plant - -| 33429 114-29 2°70 35 = eS fe pa na 
Print Works- - -| 75°00 34-00 1-23 2-14 — £095, Bi ahaa -- 
Indigo Dyers - - 5°00 2°60 a a a 32 ae om ‘Te 
Abattoirs © 2 = °- | 47°86 18:57 41°16 8-23 ha 5 z a 213 i 
Dyers and Bleachers” - PBB PTA) TSA TA 1°31 es E aS pas yas 
Bone Washing 60°30 14°43 2-41 15-64 Zt xe F a 
Bleachers - : 7:00 — 82 99 = ms E z 5 es ae 


22728. Has the Corporation framed any rules for the 
reception of trade effluents into sewers ?—Yes, I hand 
in a copy of the rules. 


CITY OF MANCHESTER. 
TraDE REFUSE. 
Regulations for admission of Trade Refuse into Sewers. 


1.—All liquid trade refuse from the manufactory 


‘shall be passed into and through suitable settling 


tanks to be approved by the Corporation, the same to 
be constructed and at all times maintained by and at 
the cost of the owner to the satisfaction of the Cor- 


poration.- -- 


2.—By means of the settling tanks and by such 
other means as shall be from time to time approved 
by the Corporation the resultant effluent shall be 


fmade :— 


(a2) Free from solids in suspension beyond 15 grains 
to the gallon ; 


(b) Free from any substance, matter, or thing which 
shall or may (either alone or in combination 
with other matter or liquid, or with the 
ordinary sewage) ; ‘ 

(i) Be injurious to the structure or 
materials of the sewers or works of the 
Corporation ; 

(ii) Be injurious to the sewers or the sew- 
age therein ; 


(iii) Cause or create a nuisance either within 
or without the sewers; and 


(iv.) Be dangerous or injurious to health 
either within or without the sewers. 


(c) Free from any substance, matter, or thing the 
discharge of which into the sewers may con- 
travene any public or local Act of Parliament 
or Rule of Law. 

3.—The owner shall remove as frequently as may be 

necessary from the settling tanks.all solid refuse and 
solid matter which may be from time to time de- 
posited therein. 


4.—Only the effluent from the settling tanks ‘which 
complies with Regulation 2 shall be discharged into 
the sewers. 


5.—The maximum aggregate daily quantity of 
effluent which may pass from the manufactory into the 
sewer shall be agreed between the owner and the Cor- 
poration before any connection with the sewer is made 
or any works for that purpose are commenced. The 
size and capacity of the drain for conveying the 
effluent from the manufactory to the sewer shall be 
determined by the City Surveyor, and shall be such as 
having regard as well to the agreed maximum aggre- 





gate daily quantity of effluent as to the intended in- 
clination of the drain will be necessary to secure that 
only such agreed quantity shall and may be conveyed 
into the sewer at a uniform and regular rate of flow 
throughout the 24 hours of every day. i 


6.—The owner shall provide and efficiently maintain 
a reservoir or receptacle at the manufactory sufficient 
to hold at least one-half the agreed maximum aggre- 
gate daily quantity of effluent, and shall cause the 
effluent to pass into such reservoir or receptacle, and 
be thence conveyed by the drain into the sewer. 


7.—There shall be constructed and maintained by 
and at the cost of the owner at or near the outlet of 
the drain into the sewer an examination shaft and 
apparatus so designed as to enable the Corporation or 
their officers to obtain at pleasure from time to time 
samples of the effluent discharged into the sewer. 


8.—The works shall be constructed and carried out 
to the satisfaction in all respects of the City Surveyor, 
and shall be at all times subject to these regulations 
and the Acts of Parliament (public or local), bye-laws, 
and regulations for the time being in force in the city 
of Manchester in relation to the subject matter of 
these regulations. In particular in the works of 
excavating for and making and maintaining the drain 
or anything therein or connected therewith the owner 
will adopt such measures and generally carry out the 
works in such manner as shall be suggested or re- 
quired by the City Surveyor for ensuring the satisfac- 
tory execution of the work, for effectually protecting 
the sewers, drains, gas and water pipes, wires, tram- 
lines, and apparatus for ensuring perfect stability 
for the surface of the street and for preventing the 
complete stoppage of the traffic thereon, provided 
that the fact of the City Surveyor giving or failing to 
give any instructions or directions respecting the works 
hall not relieve or exonerate the owner from any obliga- 
tions or liability imposed upon him by these regula- 
tions or at law. 

9.—Any work of removing the pavement and flagging 
of the street and of restoring and making good the same 
shall be done by the Corporation at the expense of the 
owner, and the owner' shall pay any such expense to 
the Corporation on demand. 


10.—The owner shall permit the City Surveyor or any 
other duly authorised officer of the Corporation to enter 
the manufactory from time to time and to inspect the 
condition thereof. 

11.—If at any time the works provided for by these 
regulations or any of them or anything therein respec- 
tively shall in the opinion of the Corporation or the 
City Surveyor be in a dilapidated, unsafe, inefficient, 
or unsatisfactory condition, or if the same shall not be 
kept and maintained in proper working order, or shall 
not be duly and properly fulfilling these regulations in 
all respects, or if proper arrangements for removing 
the solids from the trade refuse are not in regular 
and constant operation, it shall be lawful for, but not 
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obligatory on the Corporation, in addition and without 
prejudice to their other remedies by statute or contract, 
at. the risk and cost of the owner (after first giving to 
the owner one week’s notice in this behalf), either to 
repair, reinstate, or complete the same, or to remove 
and disconnect the drain from the sewer as the Cor- 
poration in their absolute discretion may think fit, 
and to enter upon the property of the owner for the 
purpose of executing the necessary works in that be- 
half. The owner shall pay to the Corporation on 
demand the cost to be incurred by the Corporation in 
any such work of repair, reinstatement, completion, 
or disconnection, such cost to be from time to time 
ascertained and certified by the City Surveyor, whose 
decision shall be final and binding on all parties. 
12.—Any costs and expenses which may be incurred 


-by the Corporation, and which under these regulations 


shall be repayable to them by the owner, shall include 
five pounds per centum for superintendence, and shall 
cafry interest at four pounds per centum per annum 


-from and after the expiration of one calendar month 


after service upon the owner of a demand for payment 
of such costs and expenses. 
13.—The arrangements contemplated by these regu- 
lations do not extend to the reception into the sewers 
of surface and storm water or of water which has been 
taken or diverted from a river, stream, or canal. 
14.—The owner shall enter into an agreement, to be 
prepared by the Town Clerk, for securing the due 
observance of these regulations. 
15.—In these regulations the following words have 
the meanings here assigned to them :— 
“Owner” means and includes the owner and 
occupier for the time being of the manufactory. 
“Manufactory” includes any works, manufactory, 
or premises-in the City of Manchester in which 
liquid trade refuse is produced. 
“City Surveyor” means the City Surveyor for the 
- time being of the City of Manchester. 


-and. words in the singular number include the plural 


and» words: in» the ‘masculine gender include the 
feminine. } 


TO THE CORPORATION OF THE CITY 
MANCHESTER, 


I apply for your permission to make a connection 
from my works, situate ; 
with the sewer in Street, in the city 
of Manchester; for the purpose of carrying the liquids 
from such works into such sewer. 

The trade or process carried on at such work is that 
of a 


OF 


» The maximum daily volume of liquids issuing from 


nd 
' 


is- 


such works is about gallons.” 

In the event of my application being complied with, 
I undertake that the foregoing regulations shall at 
all times be duly observed by the owner and occupier 
for the time being of the said works. 

The owner and oceupier of the works are prepared 
to enter inio an agreement for that purpose, to be pre- 
pared by the Town Clerk of Manchester. 

The names and addresses of such owner or occupier 
are :— 

~ Owner 

Occupier 
Signature 
Address 
Date 


EXTRACTS FROM ACTS OF PARLIAMENT. 
Tue Puntic Heatru Act, 1875. 


| 21.—The owner or occupier of any premises within 
the district of a local authority shall be entitled to 
cause his drains to empty into the sewérs of that 
authority on condition of his giving such notice as 


rain may. be required, by that authority of his intention so 
rs0f.to do, and of complying with the regulations of that 


y. 


authority in respect..of the mode in which the com- 
munications between ‘such drains and sewers are to be 
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made, and subject to the control of any person who may 
be appointed by that authority to superintend the 
making of such communications. 

Any person causing a drain to empty into a sewer of 
a local..authority without complying with the pro- 
visions of this section shall be liable to.a penalty not 
exceeding twenty pounds, and the local authority may 
close any communication betwéen a drain and sewer 
made in contravention of this section, and may 
recover in’ a summary manner from the person so 
offending any expenses incurred by them under this 
section (a). 


Tue Rivers PoitvtTion Prevention Act, 1876. 


7.—Every sanitary or other local authority having 
sewers under their control shall give facilities for 
enabling manufacturers within their district to carry 
the liquids proceeding from their factories or manufac- 
turing processes into such sewers : 

Provided that this section shall not extend to com- 
pel any sanitary or other local authority to admit into 
their sewers any liquid which would prejudicially affect 
such sewers or the disposal by sale, application to land, 
or otherwise of the sewage matter conveyed along such 
sewers, or which would from its temperature or other- 
wise be injurious in a sanitary point of view: 

Provided also that no sanitary authority shall be re- 
quired to give such facilities as aforesaid where the 
sewers of such authority are only sufficient for the 
requirements of their district, nor where such facilities 
would interfere with any order of any court of com- 
petent jurisdiction respecting the sewage of such 
authority. 


Tue Pusric Heatra Acts AMENDMENT Act, 1890. 


16.—(1) It shall. not be lawful for any person to 
throw, or suffer to be thrown, or to pass into any sewer 
of a local authority or any drain communicating there- 
with, any matter or substance by which the free flow of 
the sewage or surface or storm water may be interfered 
with, or by which any such sewer or drain may be 
injured. 

(2) Every person offending against this enactment 
shall be liable to a penalty not exceeding ten pounds, 
and to a daily penalty not exceeding twenty shillings. 
_ 17.—(1) Every person who turns or permits to enter 
into any sewer of a local authority or any drain com- 
municating therewith— 

(a) Any chemical refuse, or 

(b) Any waste steam, condensing water, heated 

water, or other liquid (such water or other 

liquid being of a higher temperature than one 

hundred and ten degrees of Fahrenheit), 
which, either alone or in combination with the sewage, 
causes a nuisance or is dangerous or injurious to 


health, shall be liable to a penalty not exceeding ter 


pounds, and to a daily penalty not exceeding five 
pounds. 

(2) The local authority, by any of their officers, either 
generally or specially authorised in that behalf in writ- 
ing, may enter any premises for the purpose of examin- 

.ing whether the provisions of this section are being 
contravened, and if such entry be refused, any justice 


Mr. Gilbert J. 
Fowler, 
DSc, LC. 


12 May 1905. 








Sanitary 
authority to 
afford facili- 
ties for 
factories 
draining into 
sewers. 


Injurious 
matters not 
to pass into 
sewers. 


Chemical 
refuse, steam, 
&e., not to be 
turned into 
sewers. 


on complaint on oath by such officer, made after reason-- 


able notice in writing of such intended complaint has 
been given to the person having custody of the pre- 


mises, may by order under his hand require such per-- 
son to admit the officer into the premises, and if it be~ 


found that any offence under this section has been or 
is being committed in respect of the premises, the order 
-shall,.continue.in force until the offence shall have 
ceased or the work necessary. to prevent the recurrence 
thereof shall have been executed. 

(3) A person shall not be liable to a penalty for an 
offence. against this section until the local authority 
have given him notice of the provisions of this section, 
nor, for an offence committed before the expiration of 


. seven days from the service of such notice, provided 


that the local authority shall not be required to give the 


. Same person notice more than once. 








(a) In the case of. Peebles v. Oswaldtwistle Urban Dis- 
trict Council, it, was held. that this clause would. not 
authorise the passing into the Severs of liquids injurious,to 


"health [1897] 1 Q.B. 392. 
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Mr. Gilbert J. Tae Mancnester Corporation (GENERAL Powers) 
Fowler, Act, 1902. 


DBs EO. 91 Where Hit thd opinion of the Corporation the 
12 May 1905. introduction of any solid matter, suspended matter, 

xo PER mud, chemical, or manufacturing or trade or other 
Provis‘ons as refuse (inclusive of vapours or gaseous matters), or 
to discharge any steam, condensing water, heated water, or other 





of certain liquid (such water or other liquid being of a higher 
matters into temperature than one hundred and ten degrees 
emote Fahrenheit) into a sewer, whether alone or in combina- 


tion with other matter or liquid, and whether directly 
or through any drain or channel communicating there- 
with, either does or may cause a nuisance or involve 
danger to the health of persons entering the sewers or 
others, or is or may be injurious to the structure ur 
materials of the sewers or works of the Corporation, 
the Corporation may by order absolutely prohibit from 
a date to be named in such order, not being earlier than 
fourteen days from the service of such order, any such 
matters or matter being caused or permitted to fall, flow, 
or enter or to be carried or washed into any sewer 
either directly or indirectly. 

The Corporation shall cause a copy of any such order 
to be served upon any person who may in their opinion 
be acting in contravention thereof, and if any such 
person dispute the reasonableness of any such order as 
applicable to himself, or any works or premises under 
his control, such person may appeal to a stipendiary 
magistrate for the city, who shall appoint a referee to 
determine the reasonableness thereof, and any such 
referee may determine either that the said order ought 
not to be enforced as against the objector, or that 1t 
ought to be enforced either with or without modifica- 
tion or conditions, and may by his award determine 
that the person objecting should have reasonable time 
allowed to execute any works or any alterations on his 
premises which may be necessary in order to prevent 
the introduction of the matter into ai sewer, and the costs 
of the award and determination and the costs of the 
parties thereto shall be in the discretion of the referee. 

Any person who shall fail to comply with the terms 
-of any such order after service thereof upon him, or in 
the event of an appeal to a referee with the determina- 
tion of the referee, shall be liable to a penalty of not 
exceeding twenty pounds for every such default, and 
to a daily penalty not exceeding five pounds for every 
day on which the default continues after conviction 
-thereof. 

The Corporation. shall in their discretion have the 
power of constructing within any manufacturing pre- 
mises at the cost of the Corporation and without any 
liability on their part for compensation in respect 
“thereof, an inspection chamber or chambers accessible 
to the Corporation officials at all times for the pur- 
pose of ascertaining the nature of the discharge from 
such premises into the sewers of the Corporation, and 
the Corporation or any of their officers specially 
authorised in that behalf in writing may at any time 
enter any such premises for the purpose of examining 
the nature of the said discharge and of taking samples 
thereof. 

Any person who shall refuse to permit any such 
‘officer after production of his authority to enter into 
any premises, or shall obstruct any such’ officer 
in carrying out his duties under this section shall be 
Jiable to a penalty of not exceeding twenty pounds. 

Nothing in this section shall be deemed to take away 
or affect any power of the Corporation to take proceed- 
ings under any other Act. 


22729. Do you find that the trade effluents interfere 
with the process of purification by reason of their 
quality, variations in composition, fluctuations of 
volume, or otherwise ?—Yes, for the following reasons : 
—(a) The large quantity of iron pickling refuse greatly 
increases the volume of the deposit in the septic tank, 
and also the amount of insoluble matter going on to 
the beds. That is, however, rather a matter affecting 
the cost of purification than the actual chemical changes 
involved. It should, however, be mentioned that the 
chemical treatment to which the sewage was formerly 
subjected was rendered more difficult owing to sudden, 
flushes of acid refuse. Constant vigilance is necessary 
on the part of the workmen in order to adjust the addi- 
tion of the lime and copperas to the varying character 


of the sewage. In the presence of iron pickle the addi- 
tion of copperas is, of course, discontinued, and the 
amount of lime added in some cases greatly increased, 
(b) Certain effluents, e.g., naphtha-washings and_car- 
bolic acid, ammonia recovery liquor (containing sulpho- 
cyanates), and some dye-waste, greatly increase the 
oxygen-absorbing power of the sewage, and so increase 
the difficulty of bringing the effluent within the limits 
fixed by the Mersey and Irwell Joint Committee. It 
is probable that much of the nitrate which would other- 
wise appear in the effluent is used up in oxidising these 
various dissolved impurities. (c) Although the amount 
and character of the trade refuse has never been such 
as to effect complete sterilisation of the sewage, expe- 
rience would show that the period of ripening of both 
septic tanks and bacteria beds is prolonged by the 
presence of trade waste. When the tanks and beds 
are fully ripe the purification is only effected under 
very exceptional circumstances. The following ob- 
servations may be of interest:—On December 2nd, 
1899, an accidental discharge of ammonia-recovery 
liquor into the sewer raised the oxygen absorption 
figure of the closed septic tank effluent to upwards of 
24 grains per gallon; this was reduced by the filters 
dealing with this tank effluent to 2°56, and no subse- 
quent ill-effects were noted. Half-acre beds which after 
several weeks’ working failed to give a non-putrefac- 
tive effluent when only filled six times a week, two 
hours’ contact being allowed, immediately gave non- 
putrefactive effluent when the period of contact was in- 
creased to 12 hours. With Manchester sewage, there- 
fore, the best method of starting new beds appears to 
be to fill not more than once a day, giving at least 12 
hours’ contact, this period of contact being gradually 
reduced as the beds become more mature. With beds 
which have been in use for several years the total period 
of filling, standing full, and emptying need not exceed 
two hours. (d) An experiment was made as follows :— 
A sample of sewage was inoculated with septic sludge, 
and a series of bottles filled with the mixture. Into 
each bottle was placed a small portion of a particular 
trade effluent, and an arrangement was made for esti- 
mating the gas evolved in each case, one bottle of the 
series being left in its original state. In no case was 
the septic action actually stopped, but considerable 
variation was shown in the amounts evolved in each 
case. A similar result was obtained in a series of ob- 
servations made, where varying amounts of salt were 
added to the mixture. The rate of evolution of gas, 
however, tended to become more equal in all cases 
after the lapse of some days. These experiments con- 
firm, therefore, the conclusion of general experience 
that the effect of trade refuse is to increase the period 
required from the bacterial activity to attain its 
maximum, but is not sufficient, as a rule, to per- 
manently effect the working of the various bacteria 
processes. 


22730. In dry weather what is the average amount of 
suspended matter in the sewage, and what are the 
highest and lowest figures in parts per 100,000 ?—The 
figures for suspended solids are :— 














Organic 
— Total. | Mineral. and 
Volatile. 
Average - . : - 350 | 165 185 
Highe-t - - - - 40°6 18°9 21°7 
Lowest - : - - 28°6 Lily gee Oe 


ee 


22731. What is the physical character of these solids ? 
—The suspended matter referred to in the above figures 
does not include detritus and large floating matters 
which cannot be taken into the ordinary samples. An 
average sample of detritus was found to consist of a 
large proportion of sand, fine coal and cinder, a fair 
amount of coal in moderate-sized pieces, also gravel, 
clinker, small pieces of brick, wood, leaves, etc. Alto- 
gether there was about 35 per cent. of combustible 
matter in the dried sample. About 7 per cent. of the 
whole sample consisted of coal which could be picked 
out by hand. The garbage from the screens consists 
of paper, orange peel, rags, corks, feces, etc. The 
actual suspended matter taken in the ordinary samples 
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and referred to in the figures given is in Manchester 
of a fairly granular character, and settles with com- 
parative ease. 
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22732. Can you give us average analyses of the Man- 
chester sewage for the years 1903 and 1904, in summer 
and in winter ?—Yes ; the analyses are : — 





Dito. 4 Hours 








January-March 

1903°'- - 10°81 

October-December 
April-September, 1903 - - - - - 11°57 

January-March ) 
+ 1904* - - - =| 11°93 

; October-December } 
April-September, 1904 - - - - - 10°86 





Oxygen Test. 
| 1 








3 Minutes’ | Ammoniacal | Albuminoid : 
Oxygen Te&t. | Nitrogen. Nitrogen. Chlorine. ~ 
5°54 2°13 “49 18°6 
5°67 2°55 ‘61 19°9 
5°87 2°39 6 20°7 
5°54 2°45 55 19°4 














22733. Is it a “strong” sewage?—I should not de- 
scribe the Manchester sewage as a strong sewage, ex- 
cept as regards its power of taking up oxygen from 
permanganate, which is largely due to trade effluents 
of a non-putrefactive character, more especially am- 
monia-recovery liquor. As regards actual sewage im- 
purity it is weaker than many towns owing to the large 
sewage flow per head, averaging in dry weather between 
40 and 50 gallons. It is really a somewhat dilute solu- 








tion of domestic sewage in trade effluents and subsoil 
water. 

22734. Does its strength vary very much from hour 
to hour or on different days of the week ; and, if so, 
do these variations affect the quality of your final 
effluent to a marked degree ?—The strength of the sew- 
age varies a good deal from hour to hour, as is seen 
from the following figures, each of them representing 
the mean of a fortnight’s analyses :— 











Time. 4 Hours’ Oxygen Test. Chlorine. 
ee 
| Parts per 100,000. 
lam. - - = - - - iy 15°4 
ES SAOE I cay 74 | 16°6 
7 ee Es, ail 5D | 16°4 
ah ee Se 73 15°7 
© (2) ee Hae 16:0 
Gem ro tey Minch» » oh 3 67 16°0 
lp ee : 69 13°7 
8 eame Pera. agn) 73 60 11°6 : 
a 6-0 | 113 
on 6) es es 141 12°4 
1) Se = 4 2 z ‘ : 12°3 | 15°9 
12 noon - - ah Nhe : 10°6 16°9 
1p.m. - hs - ia = - - 13°9 174 
Lo ES 14:0 179 
nee | 14°6 19°9 
bere peal 9 153 189 
oo a 15°3 180 
gi SAS 1s 13°0 166 
a : say ly 13°9 180 
SS 1e7 18°3 
oS a yr 127 176 
OS 141 18°9 
Mids so Kh. 11°4 18°9 
12 midnight - aoe) 25 - 8° 171 











* Water supply limited for about six weeks during this period. 


6225—Ap. I. 


Mr. Gilbert J. 
Fowler, 
DiS6.,, Fils. 
12 May 1905. 





Mr. Gilbert J. 
Fovwler, 
IBN Siig PO Gs 





12 May 1905. 
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The quality of the final effluent from septic treatment 
is not seriously affected, as the sewage is fairly well 
mixed in the tanks, but some difference is observed 
at different times of the day in the final effluent from 
beds which are supplied from sedimentation tanks. 
There is no great difference observable in the sewage 
on different days of the week, the less amount of 
trade effluent in Sunday sewage, for example, being 
partly compensated by the reduction in the volume 
and consequent greater concentration of the sewage. 
On the whole, however, Sunday sewage is distinctly 
weaker than the average. 

22735. How do you think “strength” of sewage as 
affecting purification is best expressed or measured ?— 
It appears to me that, on the whole, the strength of 
sewage is best measured by the number of gallons per 
head of population arriving at the works daily. Allowance 
must, of course, be made in the case of manufactur- 
ing sewage for the volume and character of the trade 
waste. The chlorine number when not affected by trade 
effluents is a good index. The ammonia figures give a 
better indication of the presence of real sewage than the 
permanganate tests. 


MINUTES OF EVIDENCE : 


22733. Have you any information as to the bacterio- 
logical condition of the sewage in dry weather and in 
storm times ?—No ; but samples have been supplied to 
Dr. Houston for investigation. 


22737. Are-there any chemical poisons in the sewage ? 
If so, what are they, and to what extent do they occur? 
—At times acid tar is present, also phenols and com- 
pounds of naphthalene, as well as sulphocyanates, but 
none in sufficient quantity to prevent bacterial activity. 


22738. Is the sewage always alkaline?—The sewage 
is practically always alkaline to methyl-orange, but 
not to phenol-phthalein. 


22739. Do you find that the amounts of suspended 
solids are increased or diminished in times of storm, 
and can you give the Commission the figures at the end 
of each hour during a storm of some hours’ duration? 
—The amounts of suspended solids are certainly in- 
creased in time of storm—at any rate during the earlier 
periods, as is seen from the following table of analyses 
of samples taken when the flow is at its height :— 





Organic and 























Date. Time. WV ladala: Inorganic. TOTAL. 
| 
1903 
October 20th  - 6.0—9.0 a.m. Ley 16°6 28°3 
- 23rd 6.15—9.0 a.m. 16'6 32°9 49°5 | 
“s 28th - 1.45—9.0 a.m. 2171 420 63°1 
5.) SOtn = 6.30—9.20 a.m. 19°5 40°7 60:2 
November 2nd - 11.0 a.m.—1.0 a.m. (8rd) 220 28°4 50-4 
bs 26th - 7.15—11.0 a.m. 19°4 34°9 54°3 
F 28th - 9,0—11.15 a.m. 12°9 18°6 31°4 
December 8th - 8.10—11.10 a.m. 26°5 35°1 61°7 
1904 
January 13th 1.30—5.30 a.m. ier 45°1 64°5 
March 14th - | 2.10.—3.50 p.m. 24°5 32°6 Dick 
» 29th 8.0—9.0 p.m. 46°8 54-8 101°7 
» 30th 8.50—10.20 p.m. 39°7 §2°3 . 92°0 
April2nd-—— - 25°1 58°6 63°7 
»  O6th- 5.15—7.0 a.m, 28°0 483 76°3 
», 14th- 4.0—7.20 p.m. 22°5 26°5 49°] 
» ld5th- 3.10—5 20 p.m. 16°5 : Od Na 38°3 
se 2end= 3.20—4.40 p.m, 88°9 169°5 258°3 
pail 4,40—5.30 p.m. 515 120:0 171°4 
May 2nd - 3.0—5.10 a.m. 73°1 92°5 166°5 
» 2ith- 9.30—11.0 p.m. 61°5 1132°8 174-3 
noes 750 pane 1-40 a.m. } 8Ye782 188 174 360 
June 26th- —- 12.30—2.0 p.m. S17 tre 245°7 
July 26th - 7.10—10.20 p.m. 41°5 571 98°5 
August 14th .- | 4,0 a.m.—1.30 p.m. 12°8 22°0 34°8 
Fe PAN Gi a 4.30—10.0 a.m. (23rd) 20°6 36°3 56°8 
8.30 p.m.—3.30 a.m. 6°8 : 11°4 18°3 
Septémber 3rd - 4.30—9.15 a.m. 23°3 32°3 60:5 
November 8th - 8.25—11.95 p.m. 30:0 47°1 Tie 
PY) 9th - 5.15—7.0 a.m. 10°5 Zhe 31°7 
December 16th - 3,30—5.0 a.m. 52-0) 886 140°5 
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On the other hand, after a considerable period of rain 
the total suspended matter may be but little morg 
than the average, and consist largely of mineral matter. 
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This is seen from the following results obtained in Mr. Gilbert J. 


1896, when, it must be observed, the sewage of Man- 


Fowler, 


chester was very different from what it is at present :— D.Sc., F.1.C. 


























Wire or taking Sample, Oxygen | Free | Albuminoid | Gpiorige NBEbeDASS eae 
October 6, 1896. iv emnce Ammonia. Ammonia abies ‘Vinewal: Oxpenid Tele 
| | 

Dilute Sewage 3.30 p.m. - 2°60 1°54 "46 6:9 — =z ” 

Storm Water 5.30p.m. -— - 1:84 40 | 23 5 le a hea = = 

ce pectin SMITE 151 44 06 2-4 43 10 53 

wr hntt <8 (8 i 1°61 43 10 3:1 29 4 33 

EENR #35 1-77. ‘61 08 Lt 46 63 4 67 

Ls rn 1-04 61 08 EP lacbnantat? 6 79 

merge | ty 1:03 69 09 7 ee 13 53 

aieha 22 $ 1-13 83 | 10 5'6 33 17 50 











22740. What is the character of the liquid part of 
the sewage in storm times? Perhaps you could illus- 
trate this answer by analyses of the liquid portion of 
the sewage in dry weather and in storm times 1—A 
large number of results were published in the supple- 
ment to the experts’ report published in January, 1900. 
The curve which I hand in is the result of a complete 
study of a long-continued storm on February 15th, 
16th, and 17th, 1900, following a thaw. The diagram 
is self explanatory. (See diagram printed at end of 
Dr. Fowler’s evidence, after p. 400). ‘lhe composition of 
the settled sewage for week ending March 28th of the 
same year, which was a dry week, is indicated by the 
following numbers, stated in grains per gallon for the 
sake of comparison :— 


Three minutes’ oxygen test - - - 316 
Pilarmian) eS) ih Soe eh dS 


The high figures for chlorine during the early part of 
the storm are due to the salt used for melting the snow. 


22741. In what way or ways do you think the sewage 
which comes to the works should be dealt with in storm 
times? Perhaps I should amplify this question a little. 
The usual requirements of the Local Government Board 
are, I understand, that any increase in flow up to 
three times the normal dry weather rate should be 
fully dealt with by the ordinary complete plant, and 
that a certain number of additional dilutions, up to 
a total of six, should be treated on special storm filters. 
Do you think these are proper requirements, or do 
you think they should be modified in any way? It is, 
T believe, very often found that the storm sewage which 
first comes- down to the works contains a largely- 
increased amount of suspended solids, and I should 
like to know whether you consider that your ordinary 
(dry weather) plant is exposed to damage in any way— 


as, e.g., rapid choking—by having to deal with this 
amount of storm sewage, and whether you think it 
would be better to adopt some other treatment. 
Although the storm sewage, including the suspended 
solids, is a very polluting liquid, possibly the liquid 
portion alone is not very polluting, and this suggests 
that settlement of all the sewage arriving at the works 
in time of storms in tanks for a few hours, after, pos- 
sibly, the addition of chemicals, might perhaps be a 
better plan of treatment than passing a portion of it 
through the ordinary plant and the balance through 
storm filters. Would such settlement alone be suffi- 
cient for the whole of the sewage arriving at the works 
in times of storm?—I think that unquestionably at 
least six times the strict dry weather flow (i.e., as 
based on the water supply), and, if possible, more, 
should be treated in some way before entering a stream, 
but not necessarily by filters. It is exceedingly diffi- 
cult in practice to say what should be dealt with by 
the ordinary plant and what by storm filters, as there 
is no necessary relation, unfortunately, between the 
volume and composition of the sewage, the first flush 
bringing down an enormous volume of foul sewage, to 
be followed, it may be, by a smaller volume of much 
less impure liquid. The instructions to the workmen 
at Davyhulme are that when a storm comes after a 
period of dry weather they are, as far as possible, to 
give one.complete round of full treatment both on the 
storm beds and ordinary beds, after which the cycles 
may be shortened, and finally “streaming” resorted 
to. It is because of the great impurity of the first 
flush, large in volume though it may be, that I think 
as much as possible should be brought to the works. 
At any rate, the six times dilution should be calculated 
from the time of greatest daily dry weather flow, as 
this also coincides with the time of greatest impurity, 
as is seen from the following figures, taken at points 
near two typical overflows :— 





























Ammonias | 
_— Rate of Flow. | Oxygen Absorbed. Chlorine. 
Free. | Aibuminoid. | 
Gallons 4 3 
A. per 24 hours. hours. minutes. 
Mininum= - - 13,250 1°60 ‘70 1°50 "04 69 
Maximum -~ - 29,500 10°70 6°30 9°43 | 1°40 19°4 
Ratio - - - 2°65: 1 — — — nets 
eB. 
Minimum -_— - 170,000 103 46 2°21 10 13°4 
Maximum -, - 590,000 13°83 6°40 8°86 1°83 19°7 
Ratio - | ne ae oe ee aA sar 
6225—-Ap. I. he 
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A certain amount of judgment should be allowed at 
the works as to what passes on to the filters, the en- 
deavour being made to cope with the first flush, after 
which some may be let go, it being assumed that all 
passes through tanks. In general, no more suspended 
matter should pass away than 1s capable of being car- 
ried in suspension by the stream into which it is dis- 
charged. The addition of chemicals in time of storm 
IT do not consider to be of much, if any, use, as the 
amount of suspended matter is already so great and 
the velocity of flow so increased that the chemicals have 
no chance of exercising any perceptible effect, and 
merely add to the amount of flocculent suspended mat- 
ter. I do not think that settlement alone is sufficient 
for all the storm water coming down, unless it were 
possible, which in practice it is not, to impound anl 
mix together the whole storm flow. No doubt a good 
deal of mud passes on to the beds in time of storm, 
but, on the other hand, they have afterwards to deal 
with weaker sewage, so that I do not know that, on 
the whole, much harm is done by the increased burden 
put upon them, it being understood that the average 
volume they are called upon to treat in wet and dry 
weather does not exceed that for which they are de- 
signed. Long-continued wet weather certainly puts 
them to a severe strain, and our experience suggests 
that if very rapid working is required the beds should 
be of a fairly open grade, simply in order to get the 
water rapidly on and off the beds. On the other hand, 
in this case the purification effected in dry weather 
will not be so good. But I am strongly of opinion 
that if foul deposits in sluggish streams are to be 
avoided, it is more important for authorities to make 
a serious endeavour to cope with as much as possible 
of the polluted storm flow than to obtain a superla- 
tively good effluent in dry weather at the expense of 
letting a large proportion pass away untreated in time 
of storm. The limit of necessary expenditure should 
be carefuly considered in each case. 


22742. With regard to storm overflows, do you think 
that the point at which they should come into opera- 
tion should depend on the configuration of the land 
and upon the character of the surface soil geologically ? 
—The engineer will give evidence with regard to that 
question, but I may say that I agree with his views. 


22743. Do you think the number of dilutions at which 
storm sewage may properly be allowed to pass into 
the stream should be dependent upon the size and 
nature of the stream into which the storm sewage 
would pass? Is it possible, for example, that in some 
circumstances no injury to the stream would be caused 
by allowing overfiows to come into operation when the 
increased flow was slight, while in others this would 
not be the case ?—Yes ; I think in all cases the condi- 
tions at the outfall should be carefully studied. The 
amount of impurity which can be discharged into a 
stream depends (a) on the power of the stream to carry 
matter in suspension; (b) the available dissolved oxy- 
gen in the stream. Thus there may be all gradations 
between, say, the Elbe at Hamburg, where no trace 
of sewage deposit can be found in the neighbourhood 
of the outfall when the tide is running out, and the 
Manchester Ship Canal, where only about 4 grains 


per gallon of solids can be carried in suspension in 


dry weather. In the first case also there is abundance 
ef dissolved oxygen, in the latter case none in dry 
weather, though the conditions are in all respects im- 
proved in time of flood. These two conditions are not 
alone sufficient, however, where the stream has to sup- 
port fish life or has to serve as a source of water supply. 
In both these cases the suspended matter carried by 
the stream is injurious, either owing to its clogging 
the gills of fish or blocking up waterworks filters. In 


such cases greater strictness will be necessary at the 
outfall. 


22744. What are your views as to the necessity for 
treating road water in certain circumstances ?—The 
engineer will give evidence on that point, but I may 
say that I agree with his views. 

22745. What are your views as to the comparative 
cost and- advantages of the separate and combined 
systems of sewers, bearing in mind initial outlay as 
well as annual cost ?—I am of opinion that the separate 
system is impracticable in large-towns as at present 
existing in England. The first flush of the storm is so 
foul that it must be treated, and consequently large 


e 
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sewers must be made in any case, and no advantage 
arises from the great. cost of duplication. In a well- 
designed and spacious garden city, with smooth, well- 
kept and well-sewered streets and few quarters where 
filth could accumulate, then it might be possible to. 
provide a separate system with advantage, as the sur- — 
face water would at no time be very foul. The same 
applies to villages and country districts where there 
is little traffic. There is no doubt that the treatment 
of the sewage at the outfall works is in such places 
enormously simplified, the great difficulty in sewage 
works management being to deal with the ever-varying 
volume and concentration of the sewage in wet weather. 

22746. Is your sewage settled, and, if so, how—i.e., 
by quiescent settlement or continuous settlement, and 
what length of time does it stay in the tanks or take 
to pass through, as the case may be? Would you kindly 
give an average analysis of the tank liquor, including 
the figures for suspended solids ?—Yes ; by continuous 
settlement, from three to four hours being taken in 
passing through the tanks. An average analysis of the 
tank liquor (weeks ending March 21st and 28th, 1905) 
is :— 


Total suspended matter - - - = 55 
Total mineral matter - - - = 30 
Total organic and volatile matter - = 35 
Four hours oxygen test - - - = 6:97 
Three minutes’ oxygen test. - - = 3°73 
Ammoniacal nitrogen - - - = 2:02 
Albuminoid nitrogen - - - = 0°26 — 
Chlorine - - - - - ae Wl 0) 


(See also Manchester City Surveyor’s 
pp. 26-27., Table XX VIL.) 


22747. Have you data to show what proportion of 
the suspended matter in your sewage is settled in 
s-hour, 1, 2, 5, 4, 5, 6, 12, and 24 hours, if the sewage 
is given quiescent settlement ?’—Have not many data 
on this point as regards dry weather sewage. The 
following experiment made on February drd, 1899, 
shows that the greater part of the settlement takes 
place in 24 hours :— 


report, 1896, 





SUSPENDED MATTER. 








| rer 3 er | Organic and 
Total. : Mineral. Volatile; 
Original Sewage - 336 14°9 18°7 
After 24 hours’ 42 9 3°3 
settlement. — 








22748. What time would be necessary for you to gain 
a good tank liquor containing, say, no more than six 
or eight parts of suspended solids per 100,000 from 
your sewage (without the addition of chemicals) by 
quiescent settlement and by continuous flow settle- 
ment ?—The result obtained depends in each case on 
the amount of sludge present in the tank, 7.¢., on the 
amount of settling space per given cubic content of 
tank. It also depends on the design of the tanks, but 
speaking very generally, my experience, both on the 
working seale and in the laboratory, would lead me to 
think that a tank liquor such as you describe could be 
obtained by two hours’ quiescent settlement or by four 
hours’ continuous flow. 


22749. Do you prefer to use settlement tanks in series 
or in parallel] ?—Certainly in parallel. 


22750. In the case of continuous flow tanks, do you 
think there is any advantage in the employment of 
baffling boards or walls?—Yes; the provision of baf- 
fling boards keeps back much of the floating grease 
which would otherwise pass on to the filter beds ; also, 
if made pretty deep, they tend to prevent surface cur- 
rents and consequent dead spaces in the tank. The 
provision of a submerged wall at the inlet may facili- 
tate the separation of grit from the sludge proper, 
and render sludging easier, but it is of more value in 
the case of a septic tank, which is not so frequently 
emptied as a sedimentation tank. 


22751. How is the sludging of tanks done at your 
works, and what is the character of the sludge? Does 
any nuisance attend the operation, and, if so, is it 
serious? Have you means of storing sludge, or do you 
have to get rie of it as soon as it is removed from your 
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tanks ?—The sludging at the Manchester Works, Davy- 
hulme, is mostly done by hand labour. The clear top 
water is first decanted by floating arms into an empty 
tank, if one should be available, or pumped back to the 
inlet channel. The water immediately over the sludge 
runs into the sludge well by the sludge channel, and 
is pumped back for retreatment. The sludge is then 
pushed by hand labour (men with squeegees) to the 
sludge penstocks, whence it flows by gravity along 
a channel to the ejectors which force it to the presses 
or into storage tanks, each capable of holding 1,000 
tons, which are discharged by gravity into the sludge 
steamer, and sent away to sea. No serious nuisance 
attends the operation. There is some amount of smell 
if the sludge is stale. The men do not suffer, but it 
is far from pleasant work, and means have been tried 
to minimise hand labour. 


-22752. Should the heavy (road detritus, etc.) portion 
of the suspended matter in sewage be removed as a 
first operation, or do you think it better and more 
economical to let everything settle in the tanks, and 
subsequently to screen the sludge?—It depends upon 
circumstances. In general, most of the grit can be 
mixed in with the rest, and sent through the ejectors 
or sludge pumps. In Manchester the exceptionally 
large amount of cotton waste and other fibrous material 
in the sewage renders it necessary to screen the latter 
at the inlet to the works, otherwise the fibrous mate- 
rial would make it very difficult to screen the sludge. 
At Moss Side, which is a purely residential district, 
the sewage is not screened, but only the sludge, and even 
here frequent stoppages of the ejectors occur through 
blocking with waste, etc. On the other hand, I be- 
lieve that sludge is very successfully screened at the 
Birmingham works. 


22753. What is the manurial value of the sludge, an 
will farmers take it?—I have not a separate analysis 
of this sludge, but it will not differ greatly in Man- 
chester from sludge produced by chemical precipita- 
tion. The farmers will take it in limited quantities. 


22754. Are there any chemical poisons in it ?—With- 
out the addition of lime there is apt to be a development 
of acidity from the decomposition of fats. 


22755. Do you find any nuisance from the treatment of 
sewage in settlement tanks? Haye any complaints 
been made?—There is no nuisance, and no complaints 
have been made. 


22756. Have you had experience of the chemical pre- 
cipitation of sewage ?—Yes. 


22757. Have you any reason to think that sewage 
from which the solids have been removed by the aid 
of chemicals is less easily purified by subsequent fil- 
tration than sewage from which the solids have been 
removed by settlement or by passage through septic 
tanks ?—Excellent and well-nitrified tiltrates have been 
obtained from all three iiquids, according to circum- 
stances. Much depends on the size of the filtering 
medium. I am inclined to think that, assuming the 
same amount of suspended matter in each case, and 
the same character of filtering medium, rather better 
results would be obtained by filtration of septic tank 
effuent. Unfortunately, strictly comparative experi- 
ments have not been made, but I base my opinion on 
the fact that much better results were obtained from 
septic tank effluent and double contact than from 
settled sewage and double contact. The greater uni- 
formity of the septic tank effluent was probably partly 
accountable for this. Further, the coke and clinker 
experimental filters treating precipitated and settled 
sewage have never produced nitrates as in the case of 
the beds receiving septic tank effluent. On the other 
hand, it must. be remembered that the above experi- 


mental filters contain a large proportion of coarse 
material. 


_22758. Have you tried various chemicals? Can vou 
give any comparative data on the practical value and 
cost of different precipitants for the preliminary treat- 
ment of sewage; stating whether you are referring to 
the precipitation of strong or of weak sewage ?—I have 
had experience with various chemicals, viz., lime and 
copperas, ferric salts, and alumino-ferric, but have 
not gone very exhaustively into their various merits. 
Lime and copperas give a precipitate which readily 
settles, and the lime is useful where flushes of acid 
have to be neutralised. On the other hand, their usa 
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requires constant and skilled supervision, and is there- 
fore less suited for small works than alumino ferric, 
where a given quantity can be added from time to time, 
and be left to dissolve in the incoming sewage. Ferric 
salts I have found not to give so rapid precipitation 
as either the lime and copperas or the alumino-ferric. 
The precipitate appears more finely divided than either 
of the others. Moreover, ferric salts, unless made on 
the works, are not readily obtained in a quickly-soluble 
and at the same time transportable condition. The 
following are prices per ton delivered at or near 
Davyhulme, showing that for equal weights lime and 


copperas are undoubtedly cheaper than alumino 
ferric :-— 
Lime - - . - le 11/6 
Ca pnetas - - - ¥. 21/6 
Alumino ferric - - - - - 40/- 
Ferric sulphate - - - : - 23/6 


These prices will, of course, vary in different parts 
of the country. ; 

22759. What is the most effective way of adding 
chemicals ?—Where possible, I think that chemicals 
should be added in solution, with moderate mixing by 
baffling boards or otherwise, but not to such an extent 
as to break up the precipitate into a very finely-divided 
state. 


22760. What is the average analysis of the liquor from 
your precipitation tank ?—An average analysis of the 
effluent from chemical treatment for the quarter end- 
ing December, 1902, was :— 





Parts per 100,000. 





4 Hours’ test, oxygen absorbed * 8°57 
3 Minutes test, _,, . 5°01 
Ammoniacal nitrogen - 2:43 
Albuminoid + - 376 
Chlorine - . - - 20°14 








The suspended solids range from 2-0 to 6-0 parts per 
100,000, consisting of about 60 per cent. mineral 
matter. 


22761. ‘What is the character of the suspended 
matter in such liquor ?—The following are analyses by 
fr. Scudder, in 1897, of suspended matter removed 
from the precipitated effluent by a mechanical filter :— 




















: . | iE LF. 
Organic matter — - - ie lie Sr0 Pe — ele aes 
Inorganic matter, consisting | 12:9 | — woven = 
of silica and gangue 
Oxide of iron and alumina | Saal Goa 22 | a 
| 
| 
Calcium carbonate - - | 13°6 |-62-0 | 23-7 |-54-2 
| 
| 
| — | 100-0] — | 100-0 
Ny, 











22762. Do you find it necessary to add further 
chemicals to the sludge before it can be dealt with? 
If so, for what reasons, and what chemicals do you 
use and how are they added?—Yes. Lime is added 
to the amount of about 2 per cent. on the wet sludge 
in order to obtain a coherent cake, which will come 
away from the presses. No doubt the lime acts largely 
mechanically, helping to bind the particles of sludge 
together. Also it will react with the fats and ammonia 
salts and neutralise any free sulphur which may be 
present. It is added to the liquid sludge in the form 
of powdery slaked lime. It is spaded in by hand, and 


is mixed by the mechanical agitation on its way to the 
presses. , 


22763. What is the manurial value of the sludge 
obtained ‘by the chemical precipitation of the sewage, 


Mr. Gilbert J. 
Fowler, 


12 May 1905. 
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ill farmers take it?—The manurial value of the 
atte i but slight, but the farmers take it in limited 
quantities, chiefly on account of the lime present. . The 
following is an analysis of the pressed sludge cake by 
Mr. Scudder :— 








ee Per cent. 
Moisture - - - : ; : - - 56°4 
Mineral matter - 27-7 
Organic matter = - - : 2 15-9 a 
100°0 
Mineral matter consists of :— 
Lime CaO and CaCO, - 2 10°39 
Iron and alumina - - z e e 6-24 
Insoluble - - : 10°90 
Phosphoric acid (P,O;)  - - : E 0°17 
Organic matter contains nitrogen equi- 0°9 
valent to ammonia. 











22764. Does the sludge contain any chemical 
poisons ?—There is little difference between the sludge 
from chemical treatment and the sludge from settle- 
ment alone. The former seems to be rather less offen- 
sive, possibly owing to there being fewer free fatty 
acids present. 


22765. Do you find any nuisance from the treatment 
of sewage in chemical precipitation tanks? Have any 
complaints been made?—There is no nuisance, and no 
complaints have been made. 


22766. As regards septic tanks, how should they be 
shaped ?-—The shape of septic tanks must depend to 
some extent on conditions of site. On the whole, I 
prefer a long rectangular tank, so constructed that 
sludge can be removed both at the inlet and outlet end. 
In this way some differentiation of the sludge 
is possible, only the heavy gritty matter and 
the “worked over” fine deposit being removed, the 
bulk of the sludge remaining in the tank long enough 
for all possible digestion of solids to take place. Cir- 
cular tanks have some advantage under certain con- 
ditions of site, ¢.g., where there is greater possibility 
of depth than of extension, and the sludge can readily 
be removed automatically from time to time; but, on 
the other hand, it is-not possible to differentiate the 
sludge to the same extent as in a rectangular tank. 


22767. Should septic tanks be divided into sections? 
—It is certainly useful to provide at least a compart- 
ment both at the inlet and outlet ends of the tank 
to facilitate removal of sludge. Moreover, in certain 
cases where the number of persons connected to the 
tank is subject to great fluctuations, the smaller com- 
partments may be used instead of the whole tank when 
the flow is very small. 


22768. Should they be used in series or in parallel? 
—In parallel. 

22769. Is a scum necessary or desirable ?—I do not 
think the scum is necessary for bacterial action, but I 
think it is desirable in order to maintain equable con- 
ditions in the tank and to arrest floating fat. 

22770. Should the septic tank be closed in, and, if 
so, what advantage does a closed tank possess over an 
open one?—I do not-consider it necessary as regards 
septic action for a tank to be closed, and ‘the sludging 
is facilitated by leaving it open. On the other hand, 
wind and rain have a disturbing effect on an open tank, 
and tend to break up the scum and allow pieces of it 
to pass away in the effluent. A closed tank is more 
sightly, and, where complaints of smell are likely to 
arise, is desirable, as it is possible to minimise the 
latter by the provision of shafts. 


22771. What do you consider the best arrangement 
for the “ feed” and “ draw-off ” 1__The best arrangement 
for the “feed” and “ draw-off” is, in my opinion, a 
long submerged cill, in front of which is some form of 
baffle plate so that a steady flow of sewage may be 
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maintained through the body of the tank without wire- 
drawing. , 

22772. At what rate is sewage, as a matter of custom, 
passed through your septic tanks ?—About 15 hours is 
taken by the sewage, as a rule, in passing through the 
tanks in Manchester. 


22773. What is the most advantageous rate of flow 
through septic tanks, and what is the rate of flow at 
which quicker passage through the tanks becomes, in 
your opinion, distinctly disadvantageous? Why do 
you consider one rate more advantageous than another? 
Do you think that the rate of flow should depend on 
the strength or character of the particular sewage which 
is being dealt with?—The most advantageous rate of 
flow is largely a matter of circumstances. It may be 
roughly taken from available experience that with sew- 
age of a strength of 40 gallons per head about 24 hours’ 
flow is desirable, with a greater flow per head (the 
organic matter remaining the same) the rate may be 
correspondingly quicker and with a less flow less. Our 
knowledge on this subject is very imperfect. One 
may say, at any rate, that time must be given for settle- 
ment of the grosser solids and hydrolysis of the lighter 
suspended matter. Much, of course, depends on the 
length of travel in the sewer; with a long travel the 
simple hydrolytic changes will already be almost com- 
plete, whereas, on the other hand, in latrine sewage, 
the matter entering the tank may be practically in its 
original condition. There can be little doubt that the 
chief activity of the septic tank resides in the sludge, 
and this needs to remain in the tank a very long time 
for thorough digestion to take place. 

22774. Is it possible to “over-septicise” a sewage, and, 
if so, for what reasons, and how is the “ over-septicising ” 
brought about ?—Here again more exact information is 
required. It is certain, however, that prolonged re- 
tention of the sewage in the tank causes the evolution 
of sulphuretted hydrogen, and consequent production 
of ntisance. An effluent in which H,S is present in 
quantity will rapidly take up oxygen, and it is for this 
reason probably that experience at Andover (Massa- 
chusetts) and elsewhere has shown that such effluents 
are not easily nitrified. 

22775. What is the amount of digestion in your septic 
tanks, and how do you calculate this? How far do 
you find that the digestion is affected by the atmo- 
spheric temperature ?—I hand in an extract from the 
Annual Report for 1901, from which it will be seen 
that experiments indicate that about half the organic 
suspended matter disappears in the septic tanks in 
Manchester. I may say, however, that the evidence is 
not as thorough as could be wished. 


Extract FRoM ANNUAL REPORT FoR 1901. 
MANCHESTER. 
Bactrrian TREATMENT oF Raw Sewacn. 
Tue Work oF THE Open Septic Tank. 


The early experiments with this tank are described 
in the experts’ report of October 30th, 1899, and the 
report of the superintendent and chemist, January 
16th, 1900. 

During the later period of working the rate of flow 
through the tank was estimated to be equal to 2,500,000 
gallons per day. 

The flow through the tank was stopped on April 26th, 
1900, or exactly 14 months from the beginning of the 
experiment. 

By this time sludge had accumulated to such an 
extént that the effluent contained an excessive amount 
of suspended matter. 

It was decided therefore to empty the tank. 

A pump was fixed at the exit end of the tank, and 
the top liquid pumped out until the light sludge was 
reached. Pumping was then discontinued. 

The valves leading to the sludge channels were then 
opened and the tank sludged in the ordinary manner. 

Some difficulty was found in getting the sludge to 
gravitate down to the ejector chamber, and it was 
necessary to help it by addition of small quantities 
of water drawn through the floating arms. 

Oceasionally the ejector valves became clogged with 
rags and other floating substances. The presence of 
these was due to the fact that the sewage had not 
been screened before entering the septic tank, and 
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also that large quantities of garbage had been tipped 
in. 

The sludge was very gaseous, and had a tendency 
to boil up on being disturbed. This occasioned some 
difficulty in taking it out to sea, some of the sludge 
frothing up through the vent holes in the tanks on the 
the deck of the sludge steamer. This difficulty, how- 
ever, was got over by not filling the tanks quite full, 
thus allowing room for the sludge to swell. 

Although the smell from the sludge was not dis- 
agreeable, the effect of the gases evolved, when breathed 
in a confined space, was to cause sleepiness, and, in 
some cases, nausea. These effects appear to be only 
temporary, but precautions should be taken to ensure 
thorough ventilation of closed tanks and subways 
where the sludge remains for any length of time. 

The amount of sludge removed from the septic tank 
was equal in volume to 4,000 tons of ordinary sludge 
(i.e., four boat loads were taken out to sea). 


In addition, about 50 tons of detritus were tipped 
from the small settling tank which precedes the open 
septic tank. It was found that this material, on ex- 
posure to air, rapidly dried without causing a nuisance, 
and became similar to ordinary soil. 


Average samples of the detritus and sludge were 
taken and analysed, with the following results :— 


Detritus from Small Settling Tank. 


Dried at 100 to 110 deg. C. and ignited. 
Mineral matter - - - 787 per cent. 
Organic and volatile matter - 21:3 43 


Sludge from Open Septic Tank. 


Dried at 100 to 110 deg. C. gave 85 per cent. 
moisture. 
The dried residue on ignition gave— 
Mineral matter - - - 66°5 per cent. 
Organic and volatile matter - 43:5 es 


Analysis of Mineral Matter. 


Si0, eo Wee.) OO" 2G >per cent, 
Ae ee ee Ne 2017 
ease = t=. | ~ S185. 5 97,, 
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The organic matter of the sludge consisted largely 
{more than one-half bulk) of bits of chaff, straw, and 
leaves, etc. On examination of some of the leaves 
under the microscope granular substancesi were dis- 
cernible in the cells, showing that the disintegration 
was not complete. 

Estimation of the Amount of Sludge which can be 

Destroyed by the Open Septic Tank. 


In making this estimate, cognisance was taken of 
the following facts :— 


(a) The open septic tank received crude sewage (i.¢., 
it had not passed through the screening chamber). 
The effect of this would be to increase the amount of 
mineral matter entering the tank above that likely to 
be obtained under working conditions. 


(b) The bye-pass from the main sewer to the septic 
tank was taken off at a depth of 18 inches from the 
invert of the sewer. This would tend to reduce the 
amount of suspended matter entering the tank, below 
that obtained under working conditions, 


(c) Several hundred ‘barrow loads of garbage taken 
out in the screening chamber were tipped into the 
septic tank. Under working conditions this would be 
ae from the sewage before the latter enters the 
tank. 


(d) The amount of suspended matter passing over the 
eill at the exit end of the tank was excessive during 
the later period of working. This matter must not, of 
course, be considered as having been destroyed. 


(ec) One or two direct measurements of the sludge 
deposited in the small settling tank were made. The 
mean of three determinations gave the result that 
50,000 gallons of sewage deposited 400 gallons of sludge 
containing 84 per cent. of moisture. This is equal to 
about 40 tons of sludge (containing 90 per cent. water) 
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per million gallons of sewage, or about twice the 
amount obtained in practice on the year’s working. 
This tends to show that the sewage passing into the 
tank did not contain less than the normal amount of 
suspended matter. 


(f) The sludge obtained on cleaning out the septic 
tank was found to contain 85 per cent. moisture instead 
of 90 per cent., as is customary with ordinary sludge. 
In calculating the amount of sludge destroyed, the 
density of the residual] sludge must be taken into 
account. 


Allowing 20 tons of 90 per cent. sludge per million 
gallons, which is rather less than the average amount 
produced at the works during the years 1896, 1897, and 
1898, and assuming the average flow through the tank 
at two million gallons per day, the total amount 
deposited by the ordinary method of treatment in 
14 months would be 17,000 tons ; as 4,000 tons only were 
obtained, it might be concluded that upwards of 75 per 
cent. had been destroyed. 


The general effect of the various circumstances men- 


tioned above would be, however, to decrease this esti- 
mate, and it was provisionally concluded that a destruc- 
tion of from 50 to 60 per cent. had taken place. 


In making this estimate there were, however, several 
undetermined factors. 
It was necessary to know more accurately— 


1. The rate of flow through the tank over a pro- 
longed period. 


2. The actual amount of suspended matter, both 
mineral and organic, that was passing into the 
tank. 


5. The amount of suspended matter, both mineral 
and organic, passing away from the tank. 


4. The actual weight of suspended matter, both 
mineral and organic, left in the tank after a period 
during which the above measurements had been 
carefully made. 


5. The amount and nature of the dissolved 
matter entering and leaving the tank. 


6. The amount of iron in solution and suspen- 
sion entering and leaving the tank. 


7. The amount of gas evolved from the tank. 


The tank was restarted on May 16th, 1900, and in 
the following paragraphs are given the results of the 
measurements which have been made :— 


1. Rate of Flow through the Tank. 


The exact determination of the rate of flow through 
the septic tank has been a matter of considerable diffi- 
culty owing to the unevenness and thickness of the cill 
over which the tank effluent flows. 

A number of measurements were taken of the depth 
of flow at various points along the cill, and thus an 
approximate estimate could be made of the average 
rate of flow over the whole of the cill. 

During the earlier part of the experiments measure- 
ments were made on four occasions. From these the 
average flow from May 16th, the date on which the tank 
was started, to November 14th, the date of the first 
determination of sludge in the tank, was estimated 
at 2,500,000 gallons per day. 

Latterly, from December 15th to January 24th, the 
date of the second determination of sludge, measure- 
ments of the depth of flow over the cill have been made 
hourly. 

From these the rate of flow from November 14th, 1900, 
to January 24th, 1901, has been estimated at 2,000,000 
gallons per day. 

The following observation tends to show that these 
estimates are, at any rate, not excessive. 

On May 10, 1900, when the septic tank was restarted, 
it was found that it could be filled from the bye-pass 
running full bore in 73 hours. The capacity of the 
tank is 1,125,000 gallons, so that this time of filling 
represents a rate of flow of 3,600,000 gallons per day. 


2. Suspended Matter Entering Tank. 
The septic tank is supplied with sewage by means 
of a bye-pass from the main sewer. 
of interest to determine whether the sewage entering 
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For this purpose comparative analyses were made, 
which are summarised in the following table :— 
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Average of daily samples made up of equal portions of hourly samples. 





Sewage sampled at Sewer Head. 





Mean of 28 determinations from August Ist, Sep- 
tember 28th, 1900, gave 25°94 grains per gallon. 


Mean of 11 determinations from October 2nd to 
October 31st, 1900, gave 27'78 grains per gallon. 








The above determinations show that the composition 
of the sewage was practically identical in the two cases. 
Determinations have also been made to ascertain to 
what extent these numbers are affected, according as 
the sampling is proportional or otherwise to the rate 


Sewage sampled at Inlet to Open Septic Tank. 





Mean of 


19 determinations from October 2nd _ to 
October 31st, 1900, gave 26°34 grains per gallon. 


For this purpose two daily average samples of sewage 
were made :— 
I.—Of hourly samples mixed in equal volumes. 
II.—Of hourly samples mixed in volumes propor- 
tional to the rate of flow as recorded 




































































of flow. automatically in. the main sewer. 
[. 
Mean Suspended Matter. Mini Maxi 
ae: Grains per gallon. Inimum. aximum., 
a 23 3 
Period. Samples. ma " 
Mineral, Organic. Total. | Mineral./ Organic.|’ Total. | Mineral.| Organic.| Total. 
Oct. 2nd to Oct. 31st, 
1900 - - - - 19 14°5 11°8 26°3 6°7 8°6 153 | = 23°0 16°3 393 
Nov. 14th, 1900, to 3 
Jan. 24th, 1901 - 49 13°5 12°1 25°6 60 ~ 8°0 14°0 35'0 20°0 -55°0 
Ii. 
tie Mean susp Pein Minimum. Maximum. 
: 0. 0 
Period. Samples. 
Mineral.|Organic.| Total. | Mineral. Organi Total. | Mineral.|Organic.| Total. 
Oct. 2nd to Oct. 31st, | 
1900 - - - - 15 171 13°0 30°1 SP" Oey 17°4 31°0 20°8 . 51°8 
Noy. 14th, 1900, to | 
Jan. 24th, 1901 = AT 161 14°0 30°71 10:4... | hgh 1871 46°2 28°4 746 








The above results show that by mixing the hourly 
samples in volumes proportional to the rate of flow 
of sewage an average sample is obtained, containing 
41 grains per gallon more suspended matter than 
when they are mixed in equal volumes. 

This difference is chiefly to be accounted for by the 
excessive amount of suspended matter brought down in 
time of storm. 

During the ordinary dry weather flow the average 
difference is hardly appreciable. 

The rate of flow of sewage through the septic tank 
was not conditioned solely by the volume of sewage 











passing through the main sewer, although this affected 
it to some extent. 1s 

In the following calculations the lower of the above 
numbers has been taken as the amount of suspended 
matter entering the tank. Any error thus introduced 
would tend to minimise rather than to exaggerate the 
work done by the tank. 


3.—Suspended Matter Leaving the Tank. 


The effluent from the open septic tank was sampled 
hourly, and an average of these samples made from 
noon to noon. 




















Mean Suspended Matter. ae , 
| Grains per gallon. Minimum. Maximum. 
Period No. of | 
: Samples.) 
| Mineral.|Organic.} Total. | Mineral.) Organic. Total. | Mineral.) Organic.|. Total. 
Aug. 2nd to Oct. 31st, | | 
1900 - - - - 39 69 4°1 11°0 2°60 *65 3°25 10°55 8°45 19°00 
Nov. 14th, 1900, to | of 
Jan. 24th, 1901 oi 36 755 3°75 11°3 5°20" 1 sD 7°00 11°00 |’ 4°80 15°80 
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It should be noted that from time to time suspended 
matter was observed to pass away in the septic tank 
effluent in small lumps, although this was obviated 
as far as possible by a screen of wire netting. Some 
amount of suspended matter may have escaped collec- 
tion in the samples owing to this cause, but the por- 
portion thus lost can only have been small. 


4.—Suspended Matter Remaining in the Tank. 


The amount of suspended matter contained in the 
tank was determined on November 14th, 1900, by the 
following method :— 

Sections of the tank were taken by means of a glass 
tube 1 in. diameter and 7 ft. long, which could be 
closed at the bottom by a rubber ball attached to a 
piece of string which passed through the whole length 
of the tube. The tube was in two lengths, joined by 
wide india-rubber tubing ; the ends of the tube were 
provided with brass collars, the whole ‘being mounted 
on a narrow board, which was marked for convenience 
in divisions of 6 in. 

Four sections were taken along both the inlet and 
exit ends of the tank, and six up either side, making 
20 sections in all. 

The contents of the tube in each case were run into 
a bucket, and the whole of the samples thus obtained 
mixed together, giving anaveragesample of the tank. 

The suspended matter contained in this average 
sample was 3624°6 grains per gallon, which is equal 
to 231°2 tons per million gallons, of which 60 per cent. 
was found to be mineral matter. 

As the capacity of the tank is 1,125,000 gallons, the 
amount of suspended matter contained in it was 260 
tons. 

On September 12th and 13th, 1900, about 50 tons of 
wet sludge were removed from the small settling tank 
preceding the septic tank, and at the time of this de- 
termination there was a similar amount remaining In 
it, so that to the 260 tons in the septic tank must be 
added 60 tons of wet sludge, which at a liberal estimate 
would represent 30 tons of dry suspended matter. 

The total quantity of suspended solids therefore re- 
maining in the tank was 290 tons. 


A second section was taken in a similar manner to 
the above on January 24th, 1901, with the following 
result :— 


The suspended matter contained in the average 
sample was 4352°8 grains per gallon, amounting to 
313°5 tons suspended matter in the tank, of which 60 
- per cent. was found to be mineral matter. 


The small settling tank preceding the septic tank 
was not cleaned out during this latter period. 


CALCULATION OF WoRK DONE BY THE TANK. 


From the above data the following figures have been 
calculated :— 


I.—Period from May 16th to November 14th, 1900. 


Total flow of sewage through 
the tank during this period 


Suspended solids entering the 


425 million gallons. 


tank -. - - - - 707 tons. 
Suspended solids leaving the 

tank -~ - - - my LOA *,, 
Amount deposited in the tank 443 tons. 
Amount found in the tank, 

including silt - - =, 290», 
Total suspended solids dis- 

appeared - - - 153 tons. 


= 21°6 per cent. of total sus- 


pended solids in sewage. 


Total suspended solids to be 
dealt with as sludge and 


Siltwe = = = - - 290 tons. 
= 41°0 per cent. of suspended 
solids in sewage. 
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II.—Period from November 14th, 1900, to 
January 24th, 1901. 


Total flow of sewage through 
the tank during this period 


Suspended solids entering the 


142 million gallons. 


tank - - - - - 233 tons. 
Suspended solids leaving the 

tank - ae - ss LOS ss 
Amount deposited in the tank 131 tons. 
Actual amount, found in the 

tank - - - - mee 
Total suspended solids dis- 

appeared - - - 78 tons. 


= 33'5 per cent. of total sus- 
pended solids in sewage. 


Total suspended solids to be 
dealt with as sludge and 
silt - - - - - 63 tons. 
= 23 per cent. of total sus- 
pended sclids in sewage. 


III.—Total period from May 16th, 1900, to 
January 24th, 1901. 


Total flow of sewage through 


the tank during this period 567 million gallons. 
Suspended solids entering the 

tank - - - - - 940 tons. 
Suspended solids leaving the 

tank - - - - 3566 ,, 
Amount deposited in the tank 574 tons. 
Amount found in the tank, 

including silt - - ray OAD a sae) i 
Total suspended solids dis- 

appeared - - - - 281 tons. 


= 246 per cent. of total sus- 
pended solids in the sewage. 


Total suspended solids to be 
dealt with as sludge and 
silt - - - - - 643 tons. 
= 66'°5 per cent. of total sus- 
pended solids in sewage. 


On April 30th, 1901, the sludge had attained a 
depth of 2 ft. 6 in. at the exit end of the tank. It 
was therefore decided to empty the tank, with the ex- 
ception of a quantity of sludge sufficient to re-start 
septic action when the tank was again working. 

The tank was sludged in the ordinary manner, and 
a quantity equal in volume to 2,500 tons of sludge of 
90 per cent. moisture was sent to sea without difficulty. 

This sludge, however, contained on the average only 
85 per cent. of moisture. Of the solid matter, 60 per 
cent. was mineral. ' 

The increased density of septic sludge is an econo- 
mical factor in the working of septic tanks, as the cost 
of removal of sludge is conditioned rather by its volume 
than,its weight. Had the sludge contained 90 per 
cent. moisture its volume would have been equivalent 
to 4,250 tons. 

Besides the sludge, properly speaking, a certain 
amount of water containing much black suspended 
matter was run into a neighbouring tank for further 
treatment with the ordinary sewage. This was done 
by means of the floating arms in the tank, without 
having recourse to pumping. 

The quantity of sludge remaining in the tank was 
estimated liberally at 1,000 tons. 

It may be concluded, therefore, that after 11 months’ 
working a volume of sludge remained to be dealt with 
os to 3,500 tons. 

owing an average daily flow through the tan 
2,000,000 gallons for 334 cae of working, ae sludge ae 
duced by chemical treatment would have amounted to 
9,045 tons, allowing only 13°5 tons per million gallons. 

The result obtained by the careful measurements re- 
corded in the foregoing paragraphs is thus confirmed 
viz., that rather more than one-third of the total sus. 
pended solids in the sewage will have to be dealt with 
as sludge in the septic tank. 

During the course of emptying the tank the experi- 
ment was tried of pressing about 100 tons of the sludge 
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with lime. No difficulty was experienced in producing 
a firm pressed sludge cake containing about 50 per 
cent. moisture. 

5.—The Amount and Nature of the Dissolved Matters 


A series of determinations have been made of the 
amount of dissolved matter entering and leaving the 


MINUTES OF EVIDENCE : 


tank, by evaporating known volumes of the sewage and 
effluent after filtration through paper, and weighing 
the solid residue. 


An average of six determinations (confirmed by 
similar observations in connection with the closed 
septic tank) gave the following results : — 


Grains per gallon. 





Raw Sewage. 


Oper. Septic 'l'ank Effluent. 

















Organic : | Organic 

Mineral. and Total Mineral. and Total. 
Volatile. Volatile. 

33°0 SH) 66'0 | 30°8 25°0 558 


A certain amount of loss of ammonia as ammonium 
carbonate will take place on evaporation in both cases, 
and this will probably be greater with the septic tank 
effluent. 


An examination of the residue obtained by evapo- 
rating large quantities of open septic tank effluent 
(filtered through paper) shows that the mineral matters 
largely consist of iron oxide, from the decomposition 
of organic compounds of iron, and calcium sulphate. 
Among the volatile constituents have been detected 
ammonium carbonate, mercaptan-like compounds of 
very offensive smell, acetic and butyric acids. No 
evidence of the presence of amines could be found in 
the residue on evaporation, but by distilling large 
volumes of the liquid and carefully analysing the 
platinum salts obtained from the distillate the presence 
of amines was indicated. 


Research in this direction is being continued ; care- 
ful comparison especially will be made of the products 
obtained by evaporation and distillation of crude sew- 
age and septic tank effluent respectively. 


The evidence, however, points to a breaking down 
of albuminoid and cellulose matter in the septic tank 
into simpler and to some extent volatile compounds. 
The reactions are probably hydrolytic in character, 
ammonia, amines, carbonic acid, water, and possibly 
alcohol being produced. 


A further quantity of organic matter also disappears 
as methane, nitrogen, and hydrogen (see section 7). 








6.—The Amount of Iron Entering and Leaving the 
Tank. 

As Manchester sewage contains considerable quanti- 
ties of iron pickle (ferrous chloride), it is of importance 
to determine the amount of insoluble iron deposited 
in the tank, and also to ascertain what quantity passes: 
away either in suspension or solution in the effluent, 
and thus on to the bacteria beds. 

The iron in solution was determined in each daily 
sample (mixture of hourly samples) of sewage and 
septic tank effluent by filtering through paper and 
boiling the filtrate with a little nitric acid. A known 
quantity (generally 35 c.c.) of the oxidised solution 
was treated with sulphuric acid (one part acid to two 
of water) and excess of potassium sulphocyanate, and 
the amount of iron determined colorimetrically by com- 
parison with a standard iron solution. 

The iron in suspension and solution was also deter- 
mined in a weekly average sample obtained by adding 
100 c.c. of each daily sample to a half Winchester 
bottle. 

The iron in solution in this sample was determined 


as above. 


The iron in suspension was obtained by filtering 
140 c.c. through paper, drying and igniting the sus- 
pended matter, and fusing with fusion mixture. The 
mass was extracted with dilute hydrochloric acid and 
boiled with a little nitric acid. This solution was made 
up to 500 c.c., and the iron determined colorimetri- 
cally as above. 

The results (expressed in grains of iron per gallon) 
are given on the opposite page :— 


TABLE sHowInG AmounT or [RoN ENTERING AND LEAVING SeEptTic TANK 



























































Tron in Solution determined in | Iron in Solution determined in | Iron in Suspension determined in 
daily average of hourly samples. | weekly average of daily samples. | weekly average of daily samples. 
Open Sep- Open Sep- Open Sep- 
Raw Sewage. tic Tank Raw Sewage. tic Tank Raw Sewage. tie Tank 
Effluent. Effluent. Effluent. 
Hourly Hourly | Hourly | Hourly | Hourly | Hourly | Hourly | Hourly | Hourly 
Tie samples | samples | samples | samples | samples | samples samples | samples | samples 
mixed in | mixed in | mixed in | mixed in | mixed in | mixed in | mixed in | mixed in | mixed in 
1900 equal propor- equal equal propor- equal equal propor- equal 
ai propor- tion to propor- propoi- ‘ion to | propor- propor- tion to | propor- 
tions. flow. tions. tions. flow. tions. tions. flow. tions. 
December 11th - "24 — 56 
€ 12th ‘47 “40 94 
ee? 30 56 56 19 284 | 50 | 4:20 40 1-48 
i 14th ‘61 77 65 
ty 15th 18 16 28 
Average - - - “36 “47 “60 / 
December 18th ‘61 "50 ‘74 | 
. 19th -| 1:18 f “59 118 
2 ‘ . : . 
” Oth 12 40 14 48 23 “BD 500 5-20 2-22 
ati Walsh! HAN eqns 50 67 | 
» 2nd -| “55 56 ‘BT : | | 
Average - “64 | 51 | ‘66 | 
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ROYAL COMMISSION ON SEWAGE DISPOSAL. 


These numbers (which have been confirmed by other 
similar determinations) show clearly that while there 
tends to be more iron in solution in the septic tank 
effluent than in raw sewage, there is considerably less 
in suspension. There must therefore be a gradual 
accumulation of insoluble iron compounds, for the 
most part ferrous sulphide, in the septic tank. 

Less iron is found in solution in the weekly average 
of the septic tank effluent than when analyses are made 
daily, owing doubtless to a certain amount of oxidation 
on standing. 

This indicates that the iron in solution in the septic 
tank effluent will be deposited when oxidation takes 
place in the bacteria bed. Analyses show that no dis- 
solved iron is present in a good sample of filterea 
effluent. 

It has been found that the presence of much dis- 
solved iron in a filtrate may, in general, be taken as 
an indication of imperfect aeration in a bacteria bed. 


Condition of Dissolved Iron in Septic Tank Effluent. 


The above experiments having shown that there was 
a tendency for iron compounds to enter into solution 
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in the septic tank, it was of interest to determine yp, Gilbert J. 


whether these were actually dissolved or whether they 


Fowler, 


were present in the colloidal condition, or, as it is D.S8ec., F.I.C. 


sometimes termed, in a state of pseudo-solution. 


For this purpose a series of determinations were 
made of the iron present in the open septic tank 
effluent after this had been filtered through paper and 
through a Kitasato sterilising filter respectively. 


The filtration through the sterilising tube was ac- 
complished by fixing about an inch of this tube into 
the neck of a glass filter-funnel by means of india- 
rubber tubing. The funnel was in its turn similarly 
fixed into the top of a tap funnel of about 300 c.c. 
capacity, to the lower end of which a tube about 
25 inches long was attached. By filling the tap-funnel 
and tube with mercury, suction could be applied to the 
filter-funnel, and in this way liquid enough for analysis 
was drawn through the sterilising tube. 


The following numbers are the mean result of the 
colorimetric determination of iron in nine samples of 
open septic tank effluent filtered through paper and 
through the sterilising tube respectively :— 








Iron (Fe) in grains per gallon. 








Effluent filtered 
through paper. 


Effluent filtered 
through Kitasato tube. 
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It appears therefore that some portion of the iron is 
present in a true state of solution, probably combined 
with certain organic acids. It is intended to further 
investigate this point by submitting fairly large quan- 
tities of sewage and septic tank effluent to dialysis. 


7. Gas Evolved from Open Septic Tank. 


A circular sheet-iron gasholder, three feet in 
diameter, was suspended in the septic tank, and care- 
ful record made of the rate at which it rose. 

From these measurements it was estimated that when 
the tank is in full activity about one cubic foot of gas 
was evolved from 100 gallons of sewage. From 
30,000,000 gallons of sewage this amounts to 300,000 
cubic feet, or six tons of gas per day. This would be 
equal in heating power to about eight tons of coal. 

Approximate analysis of the gas gave the following 
numbers :— 


CH: - - = - - meat 2) 
CO: - ASS: : E : 
15 intedees = ~ Bs by 2 
N. (by difference) 


30 per cent. 
60. , 
es 
6:0 


1 


2) 


GENERAL OBSERVATIONS AND CoNCLUSIONS. 


1. The results show clearly that a greater amount of 
destruction goes on during the later period of the 
action of the tank, after septic conditions have become 
matured. 

2. The experiments also show the importance of 
working the tank lightly during the earlier stages. In 
the second run of the tank, beginning on May 16th, 
1900, the flow was evidently rather excessive, as it was 
about two months before active septic action com- 
menced, and during this time a considerable amount 
of sludge accumulated. 

5. In considering the work of the septic tank during 
the second period reported, it should be noted that 
the weather during a large part of the time was excep- 
tionally wet, the storm water bringing with it con- 
siderable quantities of silt. In addition to reducing 
the capacity of the tank, it is possible that so much 
inert matter may to some extent prejudicially affect 
the septic action. 

4. Asa general result of the above experiments, espe- 
cially those recorded in section 4, it appears likely 
that a system of septic tanks having a capacity equal 


to half the daily flow of sewage, is capable in Man-’ 


chester of liquefying or converting into gas about 
25 per cent. of the total suspended matter. Rather 
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more than a third will require to be dealt with as 
sludge. The remainder will be partly oxidised on the 
bacteria beds, and partly require to be removed from 
their surface as soil. If this is done in dry weather the 
actual bulk to be removed should not be excessive. 

5. It should be pointed out that the work of the 
septic tank is not confined to the destruction of sludge, 
but it is also of great use: (1) in obtaining an effluent 
of more equable composition for treatment on the 
bacteria beds, and (2) in producing an effluent readily 
capable of nitrification. (See Experts’ Report, October, 
1899. ) 

6. Although it is questionable whether the amount 
of gas given off from the open septic tank in Man- 
chester is likely to be of sufficient value to repay the 
cost of collection, yet it is worthy of suggestion that 
in cases where for sanitary or other reasons it is desir- 
able to cover the tank, the utilisation of the gas may 
afford some off-set to the cost of such covering. 

7. The fact that some time must elapse before septic 
action attains a maximum indicates the importance 


- of adopting some form of tank which will permit of the 


removal of sludge from time to time without interferin g 
with the action of the tank as a whole. A tank 
arranged on these lines has been constructed, and is 
now in operation. 

It is hoped also that this tank will permit of efficient 
septic action taking place, while at the same time it 
will retain a large amount of fine suspended matters 
which would otherwise pass on to the bacteria beds. 

The results will be reported upon in due course. 

As far as can be judged by the rate of evolution of 
gas, the digestion is more rapid in warm weather. 





22776. Do you think acertain amount of sludge should 
be removed periodically from septic tanks, or do you 
prefer to work them for a considerable period without 
cleaning and then remove all the sludge ?—Un- 
doubtedly it is better to remove a certain amount 
periodically, say once a month, or as often as is needed 
to keep the sludge below a certain level in the tanks. 


22777. How do you think the sludge should be taken 
out of the tank, and how should it be disposed of ? 
Does any nuisance attend the operation ?—The sludge 
should be forced out of the tank automatically by the 
pressure of the water. Hand labour should be avoided 
as far as possible, especially in confined space, as a 
good deal of gas is evolved from the moving sludge 
which, although not very offensive to smell, may pro- 
duce nausea and headache in those working in the 
midst of it continually. Precautions also must pe 
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taken in sludge galleries to use only electric light or 
safety lamps, as there may be risk of a flare of marsh- 
gas. The evolution of gas, however, 1s much less if 
the sludge is removed periodically and in such a way 
that half-digested sludge is left in the tank as far as 
possible. As to the disposal of the sludge, it can be 
sent to sea, the same precautions being taken as above. 
In addition it has been found advisable to mix a certain 
proportion of sea water along with the sludge in the 
steamer sludge tanks; in this way fermentation en 
route can be largely prevented. Septic sludge can also 
be pressed with lime, rather a larger proportion being 
used than in the case of sludge from chemical treat- 
ment or sedimentation. A certain proportion can 
be disposed of to farmers at such times as the land 
requires manure. In small places the sludge can be 
lagooned and air-dried on simply constructed cinder 
beds. The operation need not be offensive, and the 
dried sludge can be sold to farmers, especially if mixed 
with lime. The addition of lime is desirable in any 
case to prevent the formation or neutralise the effect of 
free sulphur which may be produced on oxidation of the 
sludge. 


22778. Do you find that the suspended solids coming 
away with the tank liquors tend to increase in amount 
towards the end of the period of working, i.e., as the 
time approaches for removing sludge from the tank? 
—Yes. 


22779. What amount of suspended solids, stated in 
parts per 100,000, are contained in your septic tank 
liquor at the commencement of the period of working 
the tank, 1.e., just after the tank has been cleaned out, 
and at the end of period, 2.e., when the tank is thrown 
out of use for the purpose of cleaning out, and what is 
the average amount ?—The following are typical figures 
showing variations in suspended matters :— 


Organic 
Period. and Mineral. Total. 
Volatile. 
Average for the Ist month 2°0 1-0 30 
. next 2 months; 3°1 ee 5°4 
FA next 2 months 4°] Spl 7:2 


Solids may increase to 10 or 14 parts per 100,000 if 
sludge is not removed. 


22780. Should any portion or the whole of the sewage 
which arrives at the outfall works in storm times be 
passed through the septic tanks ?—A portion only, but 
not the whole for the reasons— 


(1) There is liable to be an undue quantity of sus- 
pended matter passed away from the tanks in 
the early stages of the increased flow, espe- 
cially if the tanks are fairly full of sludge to 
begin with. 

(2) The effluent tends to become merely settled sew- 
age, and to remain so for some time after the 
increased flow, so that the results from the 
subsequent filtration deteriorate somewhat. 


(5) The filters are liable to be overworked. 


My experience indicates that a two to one dilution is 
as much as can with advantage be put through septic 
tanks and on to the filters accustomed to septic tank 
effluent ; beyond this dilution the sewage should be put 


through settling tanks and on to the beds reserved 
for storm water. 


22781. If storm sewage is passed through a septic 
tank does this cause an increase in the amount of 
suspended solids issuing from the tank, and if so, can 
you give us figures (in parts per 100,000) showing what 
the increase is?—In the early stages of the increased 
flow there is no doubt that the suspended matter is in- 
creased largely by portions of floating scum, etc., which 
are broken away. This is readily/seen by the condi- 
tion of the surface of the beds. fterwards, however 
the effluent contains less suspended matter than usual. 
I have no exact figures on this point. ; 


MINUTES OF EVIDENCE : 


22782. May you admit storm sewage to your septic 
tank to an extent which raises the ordinary level of 
the liquid, without seriousi detriment to the functions 
of the tank ?—I see no reason why this should not be 
done within limits. I am-aware of cases where this 
method obtains with ordinary sewage, the object being 
to obtain a head and a measured quantum of liquid to 
discharge on to a filter. ‘This does not seem to disturb 
the working of the tank, and so long as the admission 
and discharge of storm water is effected with the mini- 
mum of disturbance of the tank contents I see nothing 
against the suggestion. 

22783. Are the impurities in solution in sewage 
materially different from the impurities in solution im 
septic tank liquor ?—Much more information is needed 
on that point. The extract from the annual report 
for 1901, which I have handed in, gives the results of 
some observations which have been made in Man- 
chester in regard to matters in solution in septic tank 
liquor. Observations have recently been made, and 
are in progress, by means of dialysis to determine 1f 
possible in more detail the nature of the changes going 
on in the septic tank, but there are not enough data 
to generalise upon. 


22784. Have you any data on the relative value of 
plain septic tanks and septic tanks filled with rough 
stones or flints?—No, save that certain experiments 
have been tried with strainers at the exit to septic 
tanks, which tend to show that such devices are liable 
to become choked with growths of spherotilus, ete. 

22785. Do you find any nuisance from the treatment 
of sewage in septic tanks? Have any complaints been 
made ?—The chief trouble is the gas evolved from the 
sludge in the sludge gangways when emptying the 
tanks. This can be to a large extent obviated in the 
way I have already suggested. There is very little 
smell from the tanks themselves. In close, muggy 
weather some slight odour is apparent, and is remarked 
by workmen, but it is not serious. No complaints 
have, to my knowledge, been made. It must be re- 
membered, however, that the iron salts in Manchester 
sewage no doubt practically prevent the evolution of 
sulphuretted hydrogen. 

22786. Do you think it desirable that the suspended 
solids in sewage should be removed as far as prac- 
ticable before sewage is filtered? If so, what do you 
consider a practicable limit to get down to?—Unless 
the filter is specially constructed with a view to the 
aerobic digestion of as much as possible of the sus- 
pended solids, it is probably economical to keep the 
greater proportion of these off the beds. The econo- 
mical limit will vary in different places. Thus, where 
the area of filters is necessarily limited, it may be 
better to spend more in chemical treatment or other- 
wise to produce an effluent as free as possible from 
suspended matter. On the other hand, where the area 
of beds is not so restricted it is cheaper to spend less 
in this way and wash or renew the material of the beds 
at long intervals. By the latter method the maximum 
reduction in the volume and weight of sludge is 
effected. Unless, however, some special form of con- 
struction is used the economical limit in this case is 
about 11 parts per 100,000. With more than this the 
labour in keep.ag the surfaces of the beds open becomes. 
excessive. 

22787. In what way can the removal of suspended 
solids best be effected ?—This can be done, at a price, 
by thorough chemical precipitation. Small doses of 
chemicals do not effect much more than simple sedi- 
mentation or treatment in septic tanks. Whichever 
of these methods is adopted it is important that the - 
tank be designed carefully to effect the greatest settile- 
ment in a small space, and that the sludge be not 
allowed to accumulate beyond a certain critical depth. 

22788. Have you any experience of any mechanical 
device or any special tanks for freeing tank liquor of 
suspended matter before delivering it to filters ?—Yes, 
I have experimented with various forms of strainers 
and with an automatic self-cleansing filter, and my 
general conclusion is that if any such device is suc- 
cessful in removing suspended matter, it is only at the 
cost of very frequent washing. If it allows the effluent 
to pass through rapidly, then fine suspended matter 
also passes with it. There is the further difficulty 
in using anything of the nature of a strainer for sew- 
age or effluents that growths of sewage fungus tend 
to form aud clog the filter and foul the effluent. 
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22789. What other, if any, method of dealing with 
tank liquor before delivering it to filters do you regard 
as necessary or desirable?—It is possible to remove 
the greater part of the visible suspended matter from 
the effluent before passing on. to contact beds by cover- 
ing a portion of the surface with a thin layer of fine 
material, either small clinker or gravelly sand. Sucha 
method in the case of a continuous filter converts the 
latter into a “controlled filter,” a form of continuous 
filter, which, in my judgment, has best stood the test 
of time. 


22790. May I ask you to put before the Commission 
a full statement of your views as to the comparative 
cost and relative advantages of the various methods of 
settlement. Iam not sure whether it would be possible 
for you to make this comparison on the assumption 
that in each case you reduce the same sewage down to 
the same figure for suspended solids, but if this could 
be done it would be useful to include .a comparison on 
this basis. The different methods of settlement of 
which I should like to hear your views are quiescent 
settlement without chemicals, quiescent settlement 
with chemicals, continuous flow settlement with and 
without chemicals, and septic tank treatment ?—It is 
exceedingly difficult to give a precise answer to that 
question, as circumstances and conditions vary so 
greatly in different places. I hand in a tabular state- 
ment, in which certain main considerations affecting 
the choice of one or other method are given in outline. 
It has hardly seemed practical to make the suggested 
comparison by reducing the sewage to the same figure 
for suspended solids, as in practice one or other method 
would be chosen according as the conditions made it 
more economical to reduce the matters going on to the 
filters, and consequently obtain more sludge, or vice 
versa. Assuming that it were practical to obtain a 
tank effluent containing the same ¢mount of suspended 
matter by the various methods suggested, then the 
filter costs would be brought more nearly equal, but 
these are also conditioned by the presence of colloidal 
matter in what may be termed pseudo-solution, the 
amount of which is not arrived at simply by the ordi- 
nary methods of determining suspended matter. An 
instructive example of the effect of local conditions 
in determining the method to be adopted is afforded by 
the respective works of Manchester and Salford. In 
Manchester a fairly large area is available for filters, 
but little depth, and the whole of the sewage arrives 
at the works by gravitation. At Salford most of the 
sewage has to be pumped, and the area available for 
filters is very limited. Therefore, open septic tanks 
and contact beds have been chosen for Manchester, and 
heavy chemical treatment followed by “roughing 
filters” and deep percolating filters for Salford. Again, 
while little or no nuisance is likely to arise from open 
septic tanks in Manchester, where the iron present in 
the sewage fixes the sulphuretted hydrogen to a great 
extent, it would be unwise to recommend open septic 
treatment for Withington, where a purely domestic 
sewage has to be dealt with not far from a thickly- 
populated residential district. Further, certain sew- 
ages, ¢.g., at Bradford, may contain manufacturing re- 
fuse of such a nature that preliminary chemical treat- 
ment is necessary before attempting biological purifi- 
cation by any method. 

22791. As regards contact beds, is it advisab'e to con’ 
struct the whole or any part of the interior of build- 
ing materials, or may you in some cases dispense with 
this entirely?—In cases where there is a good sound 
clay subsoil, or even in some cases loamy clay, beds 
may be successfully built without any concrete, and 
do good work for years, e.g., especially Oldham and 
Burnley. Rather more area is required for banking 
in this case, so that it may be better in some cases— 
e.g., in many of the storm beds in Manchester—to use 
concrete for the walls and as a foundation for the 
“drains,” and leave the rest of the bed bottom the 
natural earth. 

22792. Do you find that within certain limits the 
depths of contact beds may vary without affecting 
their efficiency? If se, what limits do you think are 
permissible ?—Yes ; I have seen contact beds success- 
fully at work varying from 15 in. in depth (Manchester 
experimental bed) to 15 ft. (London). The limit in 
both cases depends simply on conditions of drainage. 
With a very shallow bed (say 6 in.) the drains would 
take up too much of the contact space; with a depth 


373 


beyond 4 ft. care must be taken that hard and fairly Mr. Gilbert J. 


large material is used, or there may be crushing and 


excessive capillary attraction, preventing free aeration D.Sc., F.I.C. 


and drainage. 


22793. What do you consider is the most convenient 
size for a contact bed ?—The actual size obviously de- 
pends on the quantity of effluent to be dealt with. 
Probably an acre is about the largest size that can be 
conveniently worked as one unit. The number of units 
in a given installation depends upon circumstances, 
but each unit should not be so large that the time taken 
to fill the bed at the time of minimum flow will 
seriously shorten its resting period. The least num- 
ber of units which can be worked to prevent this result 
is eight, unless some form of impounding cr dosing 
tank is employed, which is a useful device in small in- 
stallations. 


22794. What do you find to be the best filtering 
materials? What is the material (which can be had in 
practicable quantity) that, while efficient, is in your 
experience the least disintegrable in a contact bed ?— 
The experience in Manchester has been that hard fur- 
nace clinker is the best material, being vesicular and 
yet permanent. Preliminary washing and selection 
produces a better material than simple screening, but 
increases the cost unduly. After five years’ use the 
material may be taken out and washed at a small 
cost, and then a naturally selected material obtained, 
of better quality than could have been produced by 
washing and selecting the original clinker. Other 
localities may not be able to obtain hard clinker, or 
may be able to obtain other material, e.g., broken 
Staffordshire bricks, broken “saggars,” gravel, more 
cheaply than in Manchester. Ii properly sized, these 
materials should do equally as well as clinker. 


22795. What size should the filtering material be, 
and should it be graded in the beds?—This depends 
entirely on what result is required. Within limits, the 
finer the material the better the result. Probably the 
best qualitative and quantitative results taken together 
are obtained when the size is such as to afford the 
maximum of surface combined with the maximum air 
supply. A different size will therefore be required in 
a primary bed from what is suitable for a secondary 
bed, as the interspaces will be less quickly filled in 
the latter case. In general, the more organic matter 
(suspended and colloidal) there is present the larger 
should be the material. The limit of fineness is pro- 
bably about § in. ; less than this tends to water-log- 
ging, unless only very small doses are put in or the 
effluent applied contains but little impurity. Sys- 
tematic grading is not, in my view, necessary for a con- 
tact bed. The only essential is that there should be 
sufficient coarse material at the bottom to effect good 
drainage. A small amount of material, finer than the 
main bulk, on the top to effect distribution over the 
surface of the bed and arrest coarser suspended matters 
is of some advantage, though it increases the routine 
labour on the bed, especially in wet weather. Whether 
it materially increases the time during which the bed 
will work without taking out the material is not at. 
present quite certain. 


22796. How should the bottom of the bed be con- 
structed ?—The bottom of the bed should be constructed 
to effect the freest possible drainage in the most econo- 
mical manner. Sunk drain channels formed in con- 


crete and covered with perforated tiles over which are- 


placed plenty of large clinkers—or, better, big flints. 
from gravel—are very efficient. Except, perhaps, in 
the case of secondary beds, 
be left full while the bed is resting, as the liquid left 


in tends to become foul and fungoid growths are apt to- 


form. 


22797. Do you think it generally desirable that 
sewage should be subjected to some form of tank treat- 
ment before it is put on contact beds ?—Yes, unless the. 
beds are specially constructed to effect the aerobic: 
digestion of sludge. It has yet to be shown that in 
many cases where there are difficulties in dealing with 
sludge from tanks and where freedom from nuisanca 
is essential, a purely aerobic method is not desirable, 
and possibly even economical. With present expe- 


rience tank treatment appears to be rather less costly 
and troublesome. 


_ 22798. What periods of filling, standing full, empty- 
ing, and standing empty do you consider best in ptac- 
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tical working for primary beds and secondary beds ?— 
That depends entirely on the age of the bed and the 
dilution of the sewage. In the initial stages of work- 
ing, long contacts (e.g., 24 hours) have been found ad- 
vantageous, their effect being to facilitate the forma- 
tion of a slimy layer of colloidal matter on the medium, 
in which the real biological action begins. As this 
layer increases the “absorptive” effect increases also, 
and less time of contact is required. Moreover, a 
greater quantity of water is held up in a bed, and the 
quantity of “draining” increases, till with a bed in 
long use a very short contact, say a quarter of an hour, 
is all that is required. With increase in dilution of 
the tank effluent, due, ¢.g., to storm water, the period 
of contact may be reduced to a minimum. In general, 
after the bed is once “mature” the period of rest is 
more important than the period of contact, and the 
total time occupied in 24 hours in filling, standing 
full, and emptying should not exceed the total of the 
period of rest. Thus, with frequent fillings the time 
of contact should be shortened. If the bed takes long 
to fill, the extra time in filling should be taken from 
the time of contact. The above all applies to secondary 
beds, it being understood that as they deal with an 
effluent containing less impurity they can be worked 
more rapidly than primary beds. 


22799. How should contact beds be filled and 
emptied ?—Contact beds should be filled as far as pos- 
sible equably from the top, and drawn off also as 
equably as possible. In this way the maximum of 
percolating effect is obtained both on filling and 
emptying. This has the effect of increasing oxidation. 
It has been found, e.g., that a bed which was yielding 
well-nitrified filtrates while the surface was rather 
tight, and when consequently it was nearly covered 
by the tank effluent when filling the bed, imme- 
diately ceased to nitrify after the surface was loosened 
and the tank effluent filled the bed up from the bottom. 
Apart from nitrification, however, good percentage 
purification was still obtained, and the result depends 
no doubt to some extent on the age of the bed and the 
consequent proportion of water held up in the pores 
during the resting period. Slow drawing off is advan- 
tageous, as it to a large extent prevents the washing out 
of suspended matters which are otherwise present in 
the first flush. 


22800. Have you had experience of automatic gear 
for filling and emptying contact. beds ?—I have had con- 
siderable experience of these devices both on the ex- 
perimental and working scale at the Davyhulme 
Works and also at the Withington Works. My ex- 
perience leads me to think that in large works where 
skilled supervision must be provided in any case there 
is no advantage in their use. In small works 
I think some simple mechanism is useful, chiefly on 
economic grounds, but it should not be left without 
some attention, if possible, at least once a day. In 
small works with the filtering area divided into few 
units, great fluctuations may occur in the cycle unless 
some arrangement of dosing tank is provided or storage 
in the main tank (septic or other). These fluctuations 
may be harmful by causing the time of filling to be too 
prolonged, with consequent curtailment of the resting 
period. The chief difficulty, however, is the constant 
variation in the water-holding capacity of the beds and 
in the permeability of the surface, causing pondage 
and irregular working. 
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22801. What amount of tank liquor per cubic yard of 
filtering material can in practice be properly treated 
in a primary bed, and what amount of liquid from a 
primary bed can be treated in a secondary bed? Can 
you deal with larger amounts in times of storm? Is 
one contact sufficient for certain tank liquors ?—It is 
almost impossible to answer these questions precisely, 
as the volume which can be dealt with per cubic yard 
depends upon the character of the sewage and the size 
of the material. Thus with a bed of cinder screen- 
ings (2ft. deep of screenings below 3-16th inch and 
6 inches of underdrainage) excellent and sparkling 
effluents can be obtained with one contact with Man- 
chester settled sewage, but, of course, at a low rate 
(viz., about 40 gallons per cubic yards), Whether single 
or double contact should be employed is largely a 
question of available area and fall. With a sufticient 
area of fine material one contact will often suffice, but 
if possible double contact is better as the purification 
is, as a rule, more thorough when carried out in two 
stages, and effluents containing a fair amount of sus- 
pended matter can be more conveniently treated in 
primary beds of moderately coarse material. More- 
over, renewal charges may be concentrated on to a 
smaller area. I have come to the general conclusion 
that in order to obtain a really first-class effluent one: 
cubic yard of material should be provided per person. 
Then, if the flow per head is less or more, the general’ 


result is not affected, except that perhaps with large. 


volumes rather more open material should be pro- 
vided. This estimate includes storm water. 
number of cubic yards is provided, then the arrange- 


ment may depend largely on local circumstances, either- 


single or double contact or percolating filters being em- 
ployed as may be most economical. 
primary effluent which can be treated in a second con- 
tact bed depends on the percentage purification effected 
by the first contact, and this again on the character 
of the sewage and the size of the material employed for 
the first contact. Thus at Manchester the first con- 
tact effluent is very generally non-putrefactive, a second 
contact on an area half that of the primary beds wilk 
convert it into a good effluent. In Burnley, with a 
stronger sewage and with contact beds of a larger size 
of material than in Manchester, the primary effluent. 
is generally far from purified, and a full double con- 
tact is desirable. This general rule as to total volume: 
of material needed is, of course, subject to modification 


in special cases, ¢.g., a predominance of certain trade. 


effluents might call for special consideration. Again, 
less margin may be allowed in the area available if 
competent management can be assured. Further, it is. 
possible to work at a high rate for a short time if double 
contact is provided at the expense of greater cost in 
renewal. 


22802. At what rate or rates do primary contact beds 
and secondary contact beds lose their water holding cap- 
acity!—I hand in a table which shows the measurements 
of capacity made in the case of the experimental beds A 
Bb, and C, during the year ending March 1904, 
numbers are practically percentages, the original volume 
of the empty tank being very nearly 10,000 gallons. It 
should be noted that the measurements were always made 
to a mark irrespective of the level of the material, so that 
sometimes pondage occurred on the surface It would 
be difficult to get out the total number of fillings, but 
it would not be less in any case than two fillings per 
day during five years, 7.e., over 3,500. 
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Mr. Gilbert J. TABLE OF CAPACITIES (Bens A, B, anv C.). 
Fowler, — - = 
a a Bep B, 5TH AND 6TH YEAR. Bep A, 5TH YEAR. BED C, 5TH YEAR. 
12 May 1905. — es 
a oe Capacit Drainage : Capacity | Drainage Capacity | Drainage 
wes. in Gallone, |v Period: ges in Gallons. | Period. nae in Gallons. | Period. 
1903 : 1903 : 1903 : 
30 April 2,600 7 hours i May ae 2,350 10 hours 30 April - 2,200 10 hours. 
3 June 2 2,730 6 4 June : 2,390 9D wie 4 June 2,510 LO; oss 
25 June 2,660 Gibeh 23 June - 2,530 10a 25 June - 2,450 1) eee. 
23 July - 2,930 Grane: 21 July 2,490 10) ae 21 July - 2,580 LO” wy 
1 September 3,040 Gama 8 Sept. - 2,450 LONI 1 September 2,570 10: 3 
13 October - 2.670 63» 1 October - 2,350 Gilpke: 1 October - 2.350. 64. C,, 
30 October - 2,880 Gives: 23 October - 2,340 6 Ae, 23 October - 2,470 (hare, 
7 December - 2,640 Cues 8 December 2,320 64, 5 December 2,260 Cote. 
1904 : 1904 : ‘ 1904 : 
14 January 2,320 10a7%;; 8 January - 2,170 Gress 8 January - 2,180 Wh Ate 
5 February - 2,340 94 ,, 2 February 2,210 LO: 5 2 February 2,200 LO: a! 
7 March 2,370 Gate 4 March - 2,140 104, 5 March - 2,060 Ll Spgs 




















initial capacity may be taken at 200,000 gallons, or 


I also hand in a table which shows the variation in 
44 per cent. 


capacity of some of the primary 4 acre beds. The 


CAPACITY MEASUREMENTS—HALF-ACRE BEDS. 

































































BED No. 1A. BED No. 1. BED No. 8. BED No. 2a. 
Bolg Par eo a ae ee og Srila 2/8 
= A 50,8 | a ap, 3S = ~ oo = 4 20 
Date. | & Pee es eh Date, bh &y | Sel Date. | & pes) aes Date. | & Pee ih S 
a 3a ab ay ‘98 a by on aoa She “ 68 ae 
3; | oe © | gs | 88 A ae Rr 6 a eee 
6 a | BE S. [ledtaunl 8 Siu ie ce ahicoue 6 | Se | 58 
zy | 55 |aa Pn oh HS vy | os |aa 7 | Sc6 | am 
1903: 1903: i 1904 : 1908 : 
27 April] 810 | 121,160 | 26-7] 4 Nov.| 872 | 126,300 | 27°8]18 Jan. 817 | 167,340 | 36-8423 April} 543 | 136,570 | 30-0 
13 May 824 | 131,940 | 29-0 1904 : . 7 Mar. 903 | 133,990 | 29-5 1904: 
22 June | 879 | 132,320 | 29:1] 16 June 1,222 | 99,220 | 21-8 ]27 Sept. | 1,257 | 108,140 | 23-7125 Jan. | 988 | 108,140 | 23:8 
21 Aug. | 970 | 127,690 | 28-1 29 Feb. | 1,037 | 122,030 | 26-8 
26 Oct. | 1,070 | 128,800 | 28-3 18 Aug. | 1,829 | 108,759 | 23-9 
1904 : 1905: 
1 Feb. | 1,236 | 115,910 | 25°5 8 Feb. | 1,685 | 75,860 | 17-5 
5 Dee. | 1,747 | 96,480 | 21-0 
BED No. 2. BED No. 3. BED No. 5. BED No. 9. 
1908 : 1903: 1903 : yet 1903 ; 
16 Noy. 759 | 137,610 | 30°3 |27 J uly | 484 | 188,020 | 41°4}13 Aug. 499 | 164,000 | 36°1 8 Dee. 597 | 203,340 - 
1904: 1904 : 1904 : é 
27 June | 1,111 | 128,860 | 28:0]24 Mar.| 912 136,320 | 30:0 | 24 Mar. 914 | 127,330 | 28:1 























It should be noted that the measurements for 
beds la, 2a, 1, and 8 do not include the contents ot 
the underdrains, as these beds are, as a rule, owing to 
special features in their construction, only emptied 
to the level of the surface of the underdrains, conse- 
quently their capacity measurements will tend to be 


rather below the average of the remainder of the beds, ' 


which are completely emptied after each filling. It 
should be noted that the high measurement recorded 


for bed No. 8 on January 18th, 1904, was after a pro- 
longed period of rest. The exceptional capacity of 
bed No. 9 is due to the fact that it is some 6 inches 
deeper than the majority of beds In the case of the 
experimental second contact bed D, loss of capacity 
did not take place so rapidly as with primary beds, 
but in its fifth year of working it had sunk to 27 per 
cent. of the empty tank capacity. The composition 
of the septic tank effluent dealt with by the beds 
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(Results in parts per 100,000.) 






































































































































































































4 Hours’ OxYGEN ABSORPTION. AMMONIACAL NITROGEN, ALBUMINOID NITROGEN. Nirric NITROGEN. leah: Sr ea up in Pak Ti tics 
* ‘an quor 
Fan gallons per 
aes . - en Septic Tank J Z : : ic 1 8 ie Tank . ; i 
-Periop or Four WEEKS ENDING: Raw Sewage. P Efuont. Primary Filtrate. Storm Beds Filtrate. Raw Sewage. Open' Bertie Penk Primary Filtrate. Storm Beds Filtrate. Raw Sewage. Spee Bae exe Primary Filtrate. Storm Beds Filtrate. Primary Filtrate. Storm Beds Filtrate. Primary Filtrate. Storm Beds Filtrate. cubic yard per day. 
7 le — — = |= = + _ — — — = 
Worst. | Best. | Average. | Worst. | Best. | Average. | Worst. | Best, | Average. | Worst. | Best. | Average. | Worst. Best. | Average. Worst. | Best. | Average. | Worst. | Best. | Average. | Worst. | Best. | Average. | Worst. | Best. Average. | Worst. | Best. | Average. | Worst. | Best. | Average. | Worst.| Best. | Average. Worst. | Best. | Average. | Worst. | Best. | Average. ] Worst. | Best. | Average. | Worst.| Best. | Average. set ee 
| | . 4 
| | 
| 4 ne . ed o . 4 | 
, 1903 eo ee ha! “736 1011 | 10°97 | 6-00 8°10 4°34 “74 2°31 2-00 51 116 3:02 | 1:09 219 -| 3:88 | 1:76 2-48 3:23) 94 1-65 153 “35 “96 85 | 29 51 “49 28 37 22 08 16 15 03 09 “01 “60 06 ‘41 129 86 98 28 
P | | 
yy, 1903 - = . 4 S 3 13°71 6:87 10°26 10°91 3:4 7:37 3°91 “74 2°40 2°06 “60 1:20 2°96 1-06 2713 3°58 1:00 2°32 2°58 “D3 151 | 147 “41 ‘90 74 20 48 ‘1 “16 35 27 07 li “16 05 “10 23 “85 19 33 145 “74 69 22 
| 
, 1903 - 5 5 : 3 -| 1427 561 11°63 10°69 4°34 8-46 4-14 1°20 311 2-06 “66 1°30 3:47 1:90 2°81 4°70 | 229 354 3°29 1:23 2°03 1-76 “70 1°08 “96 “50, “66 “53 29 “42 28 ‘14 “20 16 07 Je “OL 42 09 “o4 1-47 “95 65 34 
| 
Meepaly, 1003 - - - - - -| 1514} 7°81 11°81 | 121 | 6:11 S44 4°83 1-00 2-78 2°51 39 1-44 3°55 121 2:54 4:23 | 1:88 3-09 3:53 “88 1:80 1-47 29 1:07 “92 34 “59 9 26 38 28 07 Vv 15 05 all 01 ‘98 22 | 26 115 63 66 33 
mst, 19038- - - - - -| 1356] 461 10°35 8-91 | 4:57 740 3°34 “74 3°34 214 50 1°34 2:97 1:33 2°34 3°52 164 261 2°47 1:06 1°65 152 “35 1:00 69 “39 *b2 43 27 35 "25 09 16 ‘15 05 oy “02 “82 27 16 112 52 64 31 
I 
ptember, 1903 - : = = . 14°84 5°53 8°39 8:46 4:40 6°30 3°03 “80 184 2°20 “60 98 3°20 1°03 2°03 3°23 112 2°20 241 53 1:26 1:29 29 “76 72 15 “47 43 *25 “34 23 06 13 ‘ld 05 09 02 77 29 “16 96 “O4 — —_— 
a | . 
tober, 1903 = = = = = 17°31 6°73 10°34 1011 5°77 8:00 5°23 “89 2°54 2:37 “74 1:57 321 1:20 2-41 4:23 1:70 3°05 3:29 “41 1°76 | 1:43 “BS 1-01 “90 “34 “bo 38 26 “40 26 07 “16 li “05 12 Nil “S87 “30 “OL 3°52 73 _— _— 
i | 
No rember, 1903 - = = ~ : 12°40 5°20 7°66 9°60 4°34 610 2°54 144 1°87 2°69 “BL 117 3-41 70 1°67 3°65 “82 174 1-42 “69 112 | 2-06 18 “63 “82 20 39 “53. ‘19 27 “12 07 10 18 “01 “06 17 “60 “34 Nil 92 “AT 26 16 
| | 
nber, 1903 - : - = 2 14°51 6ll 10°20 12°63 6:00 8°32 5°20 ll4 2-59 4-06 “76 1°73 2°65 117 203 3°35 1:53 2°45, 2°41 “88 154 | 217 29 1:08 “78 AS “48 “45 “20 oo) “20 “05 13 25 02 10 “OL “Sl “30 07 92 “AS 52 15 
ber, 1903 - - = cs 16°40 7:89 12°11 14°40 6°86 9°83 5°57 1:54 3 19 411 “74 2°47 4:47 1°78 2°66 4:82 1:47 3°32 3°00 “82 1:90 2:18 70 1:46 “98 “30 “bS “69 19 “45 30 “06 18 25 05 14 “02 1:08 “41 19 1:29 62 — — 
| | 
| . 
7 = = - | . e 
y, 1904 - - = s 15°37 S11 11°43 12°51 6°97 9°91 629 1°63 3°29 4°31 1:09 2°53 4°53 “76 2°50 4°53 “93, 2°75 3:18 “65 1°72 247 “41 1°39 “87 26 0) “63 19) “45 ‘29 “06 16 29 “03 13 “08 92 40 O07 1-01 “60 — a. 
y, 1904 - D = : -| 14°74 691 10°80 10°46 571 8-29 494 1:37 2°84 3°23 “86 2°04 2°04 118 1:89 317 1-05 1:96 2:23 “70 143 1:76 “47 1:07 69 13 “43, 52 13 “BL 26 03 13 “19 “02 “09 “06 1-01 “46 “44 117 “63 — -- 
, 1904 (5 weeks) - - - -| 1491 8°57 11°94 12°51 } 7°89 10:09 514 154 3°31 4:14 “86 2°59 312 “94 2°35 3°94 1:29 2°72 2°41 “82 168 227 “59 1:37 “70 26 “A9 “60 “19 “40 “23 “05 15 23 “03 12 “02 “80 38 23 101 “52 64 31 
| | 1 
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ROYAL COMMISSION ON SEWAGE DISPOSAL. 


referred to is given in the following table, the average 
suspended matters present amounting to a total of 
10-0 parts per 100,000, of which 5-7 were mineral. (See 
Table headed “Summary of Results furnished to Royal 
Commission on Sewage Disposal,”) 


22893. Is the loss of capacity in direct proportion to 
the volume treated and the amount of suspended solids 
contained in the liquid which is put into the bed or to 
the fineness or coarseness of the material of the bed, 
or on what does it depend?—The causes of loss of 
capacity are set out in the extract which I hand in. 
In regard to paragraph (b) it may be added that the 
colloidal matters in the sewage are deposited on the 
medium, and constitute part of the jelly-like material. 
Further, a residual humus is formed in oxidation of 
the organic matter present, which either tends to fill 
up the bed or to come away in the effluent. 


‘Causes or Loss or Capacity or Contract BEpbs. 


From the experience gained with beds A, B, C, and 
D, and also with the other experimental beds reported 
upon, it has been |jconcluded that the chief causes of 
loss of capacity are the following :— 

(a) Settling together of the material. 

(t) Growth of organisms. 

(c) Impaired drainage. 

(d) Insoluble matter entering bed. 

(e) Breaking down of material. 

(a) Settling together of Material.—This must always 
occur, and largely accounts for the initial rapid 
decrease in capacity. It may be well, at the outset, to 
place the material in the bed to a slightly greater 
depth than that actually required, so as to allow for 
this settlement. 


(b) Growth of Organisms.—This is at once the cause 
of increased efficiency in the bed, and of loss of 
capacity. On examining the material of a contact bed 
in active condition, every piece is seen to be coated 
over with a slimy growth. If this is removed it soon 
dries to a stiff jelly, which can be cut with a knife. 
Under the microscope masses of bacteria and zoogloea 
will be found to be present. If placed in a tube con- 
taining air and connected with a manometer the jelly 
will rapidly absorb all the oxygen and produce carbon 
dioxide. 

This action will sometimes produce a vacuum. of 
several inches of mercury. There is little need, there- 
fore, to force air into a bed, as the natural interchange 
of gases which takes place is sufficient for adequate 
aeration. As a matter of fact, there is always a large 
amount of oxygen to be found at the bottom of a bed 
in good condition. The behaviour of the bacterial 
jelly appears to afford the clue to the successful work- 
ing of bacteria beds. By working them at a high speel 
“—i.e., filling them frequently in the day, without long 
periods of rest—the effluent may remain good, but 
the bacterial growth so rapidly increases that the bed 
becomes too spongy, and will not allow the water to 
drain away. Here, too, is the explanation of the fact 
that, within limits, decrease of capacity is accom- 
panied by increase of efficiency. 

This decrease of capacity may, however, become so 
great as to outweigh the advantage of increased effi- 
ciency. A long period, say one or two weeks’ rest, 
must then be given to the bed. 


The superfluous bacterial growths will during this 
time be rapidly consumed, and the capacity of the 
bed will greatly increase. These rests should not ex- 
ceed a fortnight at most, as the bed then tends to dry 
up and the activity of the organisms diminishes. 


It is therefore important that the decrease of capa- 
city should not be allowed to become excessive before 
resting, or it may not be possible to completely recover 
the loss during the time of rest. 

In the case of the beds A, B, and C, before the best 
conditions of working had been ascertained, the capa- 
city had been allowed to decrease to an undesirable 
extent. 

(c) Impaired Drainage.—Defective drainage decreases 
the actual water capacity of the beds and prevents 
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thorough aeration, and every means should be taken, 
therefore, to make it as perfect as possible. 


insoluble matter in decreasing capacity depends on its 
nature. If sandy in character its effect will be small, 
as the sand itself has a water-holding capacity. 


In Manchester the chief insoluble matters entering 
the bed are finely-divided clay (especially in; wet 
weather) and compounds of iron. Most of the iron in 
the septic tank effluent is in suspension as sulphide. 
This can largely be retained on the surface of the 
bed. The small amount of iron which is deposited from 
solution can affect the capacity only very gradually. 
As a matter of fact, most of the insoluble matter pass- 
ing on to the beds appears to be in the top six inches, 
and if the cinders below this are left undisturbed a 
fairly sharp line can be distinguished between the sur- 
face layer and the cinders. The fact that no perma- 
nent loss of capacity has occurred over 15 months 
shows that most of the insoluble matter must have 
remained on the surface of the bed, and such as has 
entered must itself possess a water capacity. 


Evidently, then, it is of importance to retain in- 
soluble matter as far as possible on the surface. This 
may be done by making the upper layer of rather finer 
material than the body of the bed. Experiments are 
in progress to determine whether in course of time 
this upper layer can be used after removal for grow- 
ing vegetables, as it has been found to contain large 
quantities of nitrates and some phosphoric acid. 

(e) Breaking Down of Material.—Little, if any, evi- 
dence of this is present in the beds under discussion. 
Its occurrence would be a more serious cause of loss 
of capacity than any of the foregoing, and should be 
avoided by using only hard refractory material. 


22304. Can the material of a clogged bed be washed, 
and, if so, how can this best be done, and at what cost? 
—Yes, easily, by means of an elevator working in a 
sump through which effluent runs and into which the 
clogged material is tipped. The water and material 
are carried by the elevator on to a rotary screen. This 
is done at Burnley at 1s. per cubic yard, exclusive of 
capital cost of plant. 


22305. How can the capacity of contact beds be best 
maintained ?—The method of procedure which expe- 
rience leads us to recommend for the successful work- 
ing of contact beds is :— 


_ @.) The bed should: be worked very slowly at first 
in order to allow it to settle down and the bacterial 
growths to form. In this way there will be less danger 
of suspended matter finding its way into the body of the 
bed while the material is still loose and open. 


(ii.) The. burden should not be increased till 
analysis reveals the presence of surplus oxygen, either 
dissolved or in the form of nitrates in the effluent. 


(iii.) Analyses of the air in the bed may usefully be 
made from time to time during resting periods. 


(iv.) The variations in capacity should be carefully 
recorded. If the capacity is found to be rapidly de 
creasing a period of rest should be allowed. 


(v.) Long periods of rest should be avoided during 
winter, as when deprived of the heat of the sewage 
the activity of the organisms decreases. If necessary, 
the burden on the bed should then be decreased by re- 
ducing the number of fillings per day rather than by 
giving a long rest at one time. 


(vi.) The insoluble suspended matter should be re- 
tained on the surface by covering, at any rate, a por- 
tion of the latter with a layer of finer material not 
more than 3 in. in depth. The suspended matter thus 
arrested should not be raked into the bed, but when 
its amount becomes excessive it should be scraped off. 
This should be done, if possible, in dry, warm weather 
after the bed has rested some days. By placing the 
inlet and outlet penstocks as close together as pos- 
sible the suspended matter will tend to concentrate 
in their vicinity, and its removal will be facilitated. 


22806. What are the average analyses of your single 
contact effluent and your double contact effluent ?--he 
analyses are as follow :— 


aie 


Mr. Gilbert J. 
Fouwler, 


(d) Insoluble matter entering bed—The effect of o ‘Rea, BG. 
12 May 1905. 








378 MINUTES OF EVIDENCE: 


Mr. Gilbert J. 
Fowler, 
D.Sc. F.I.C. 


EXPERIMENTAL FILTRATION. (May 1900—March 1901.) 
se Average Results (parts per 100,000.) 
12 May, 1905. 





Incubator Test. 





4 Hours : ee ; ates 
Ammoniacal | Albumir.oid : ; Nitrous Nitric 
Oxygen +: _ : Chlorine. ie +: Putrescence. 
absorption. Nitrogen. | Nitrogen. Nitrogen. | Nitrogen. | 3 jinntes | 3 minutes 
before. after. 





Bases. Cae S. P. 8. b. S. PR. 


15°7. 15:3 | :035 











*P = Primary Bed. 





S. Pe S. Pp. 8. P 8. P. S. 
434 0 
e 2 . 4 . . . . ° 
023 | 646 1:17 | 1:20 336} 1:09 -25 mg “35r 








*S = Secondary Bed. 


FILTRATION ON THE LARGE SCALE (PRIMARY BEDs). 


Average Results, year ending March 29th, 1905, 





22807. What number of gallons of liquid are treated 
daily per cubic yard of filter material in your firsl 
bed, and what number of gallons are treated daily 
per cubic yard of filtering material in the two filters? 
—About 90 gallons per cubic yard in the first bed and 
about 65 gallons per cubic yard in the two beds. 


22808. Do you find any chemical] poisons in the final 
effluent ?—No. 


22809. What is the average amount of suspended 
matter in the primary bed effluent and the secondary 
bed effluent? Does most of this suspended matter 
come out with the first flush or not?—The average 
amount in the primary bed effluent is about four parts 
per 100,000. There is practically none in the secondary 
bed effluent if the bed is not overworked. Most of the 
suspended matter comes out with the first flush. 


22810. To what extent do you find that the oi ganic 
matter of the suspended solids issuing in the effuent 
from a contact bed is different from the organic matter 
of the suspended solids going on to that bed ?--It is 
more granular and less colloidal. It contarns much 
organic life. Further investigation is needed beicre 
a full statement on this point could be made. 


22811. Is the first flush of effluent from either set of 
beds ever putrescible ?—Yes. 


22812. Do you find that by increasing the number 
of fillings in storm times or other times the amount of 
suspended solids is increased?—No, except through 
clay passing through the filters in the early stages of 
a storm. 


22813. May contact beds in times of storm be used 
as streaming filters without detriment to their cus- 
tomary efficiency, and, if so, do you think there are 
advantages in so working them ?—Yes, but short con- 
tacts are better. Streaming requires less attention 
and is useful therefore in an emergency. 


22814. What was the cost of your contact bed in- 
stallation per acre, and how much liquid do you treat 
per acre per 24 hours in ordinary times and in storm 
times? Please state whether you have single or double 
contact, and what is the depth of your beds?—The 
engineer will give evidence as to the cost. The amount 
treated is about 400,000 gallons per acre in ordinary 
times, and as much as 1,000,000 per acre on a very wet 
day. We have single contact, and the depth of the 
beds is 3ft. 4in. 


22815. Have you made any experiments which throw 
light upon the action of contact s when full and 
when resting?—Yes; very briefly the results are: 
(1) Long contacts with new beds show that much im- 
purity may be removed simply by physical effect of 


contact. (2) Absorption of oxygen and proportion of 
CO, by jelly-like humus from beds shows active oxida 
tion during rest. (3) Washing out of bed with tap 
water during rests shows that nitrates are formed dur- 
ing this period and partly used up in oxidising organic 
matter during the standing full period. 


22316. Have you made a study of the conditions of 
aeration of contact beds, and, if so, with what results? 
—Yes, I have never found any serious deficiency of 
oxygen except when the bed was obviously overworked. 
In that case the bed recovered rapidly on resting, as 
will be seen from the table which I hand in. 


TABLE. 


Sample of Air from Bed D (Experimental Secondary 
Bed). 


In each case the air was drawn from one foot below 
the surface, i.e., halfway down the filter. , 


Ca ee ee ee ee 





No. of Percentage Composition. 
days (Volume. ) Remarks. 
resting. CO, Oxygen. 
Owing to. ex- 
6 days - | 22percent. 8-9 per cent. perimental 
work tefore 
con mence- 
LOya say = 12 per cent. 193 per cent. ment of rest, 
the bed was in 
. bad condition, 
Wve 55 0°9 per cent. 20:5 per cent. thoroughly 
sodden. 


22817. Do you find any nuisance from the treatment 
of sewage on contact beds? Have any complaints been 
made ?—There has been no nuisance, and no complaints 
have been made. 


22818. As regards continuous or percolating filters, 
what do you find are the best filtering materials ?—I 
may refer to what I said in reply to a similar question 
in connection with contact beds (see 22794). It is of 
vital importance in a continuous filter that there should 
be no breaking down of the material with consequent 
formation of inequalities in the distribution ; for the 
same reason all fine dust must be carefully removed from 
the material, therefore while the same materials may be 
used for their construction, as are used for contact beds, 
great care must be exercised in their selection. 


22819. What size should the filtering material be, and 
what depth ’—The following experiments show that with 
the same liquid the purification increases directly with 
the fineness of the material. 


ROYAL COMMISSION 


PERCOLATING Fitters dealing with Manchester Open 
Septic Tank Effluent. 
Analytical Results. 
Showing effect of size of material on filtrate obtained : 
1. Material anything above 3-16 in. Very little 
coarse. 
2. Material passed through ?in. mesh and rejected 
3 in. mesh. 
3. Material larger than 2 in. 








3. 

4 Hours’ Test - - - 4°63 
Ammoniacal Nitrogen - 2°98 
Albuminoid Nitrogen - 29 
Nitrous Nitrogen - - 02 
Nitric Nitrogen - é : ‘07 
3 Minutes’ Oxygen Test - 2°36 2°53 
3 Minutes’ Oxygen Test 2°86 3°29 

(after incubation). 
Putrescibility - - - 263/40 | 35/38 
Chlorine - - - - -- 18°6 
Average amount dealt with 94 75 

per cubic yard per day. gallons. | gallons 
Depth of filter - - ~ - 3 feet. | 6 feet. 





: 92820. Do you think it generally desirable that sew- 
age should be subjectei to some form of tark treat- 
ment before it is put on percolating filters ?—in certain 
cases, if very efficient screening is resorted to, tank 
treatment may be successfully dispensed with before 
the liquid is applied to the percolating filter, but 
correspondingly greater provision will have to be made 
at the outlet of the filter. In this case, moreover, the 
filter must be constructed of coarse material. 


22821. Can you say whether the material is better 
disposed in the form of two beds, to be fed in succession 
with the same liquid, or in’one deep bed ?—That point 
has not come within my direct experience. 

22822. How should percolating filters be fed ?—1 
prefer a “controlled” filter of the type of those at 
Friern Barnet and Flixton, 7.e., with a fine top layer. 
This form of filter has shown itself capable of working 
successfully for many years. It cannot be easily over- 
dosed, and has no mechanical parts to get out of order, 
though the maintenance charges may be rather higher. 
I have found by experiments that precisely the same 
results can be obtained from two filters, identical in 
all respects, except that one was fed by an expensive 
distributor and the other by a fine top layer. 


22823. Should the feed be intermittent or con- 
tinuous ?—I have found that a continuous flow at a 
moderate rate, with occasional intervals of rest, gives 
a better result than intermittent flushes ; where this 
condition cannot be secured any intermittent dose 
should be as small as possible. 


22824. What is the best form of distribution? What, 
in your opinion, are the conditions which have to be 
fulfilled by a perfect distributor, having regard not 
merely to the distribution of the liquid itself, but also 
to the purification of the liquid and the life of the bed ? 
—A good distributor must fulfil the following condi- 
tions :—(1) It must distribute the liquid equally on 
all parts of the bed; (2) it must not be subject to 
stoppage by friction, wind, blockage of holes, or frost ; 
(3) it must never discharge more than the bed will 
purify ; (4) its cost must not be in excess of the work 
done. 


22825. Do you think it best to put on the filter a 
fairly constant amount of liquid, or do you consider 
that the amount can be increased in times of storm 
without impairing the efficiency of the filter or the 
quality of the effluent ?—So far as my rather limited 
experience goes I am inclined to think that the amount 
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passing on to the filter can be increased in time of Mr. Gilbert J. 


storm without prejudicial effect. 

228-26. Is there any practical advantage in artificially 
heating the liquid which is being treated upon perco- 
lating tilters?—I have no direct experience on that 
point. 


22827. Have you had any experience to show whether 
open sides are an advantage to a percolating filter ?— 
Our experience goes to show that aeration takes place 
from the top and not from the sides of a percolating 
filter, as it has been found that a filter which was par- 
tially enclosed at first gave no different results when 
the sides were left open. 


22328. Have you made any study of the conditions 
of aeration of percolating filters?—The following 
typical analyses, made under strictly comparative con- 
ditions, show that there is a slightly greater per- 
centage of oxygen in a continuous filter than in a 
contact bed, but the difference is not considerable :— 


Examination of air in Experimental Box Filters. 


(a) Tumediately before working: 





Conti:.uous Filter. | Contact Bed. 
| 


Oxygen - - 21:0 per cent. 5 | 20°6 per cent. 


CO, i? = + p ” i 06 ” 











(b) Continuous filter, during working of filter : 
Oxygen - - : : : 
CoO, bs > . me = 


19 per cent. 

0:5 # 

(3) Contact bed, two hours after discharge : 
Oxygen - - - - : 
CO, - 2 : ; 


18°7 per cent. 
LO 


22329. What do you consider is the most convenient 
superficial area for a percolating filter ?—(see 23020). 


22830. Do you think it desirable that the bottom of 
a percolating filter be raised from the ground ?—Only 
so far as is necessary to ensure a perfectly free clear- 
ance for water and air at the bottom of the filter. 


22831. Do percolating beds, in your experience, 
choke?’—I have not noticed this in my own experi- 
ae but have seen cases where choking has taken 
place. 


22832. Of what nature are the suspended solids in 
the filter effluent? How much is organic matter, and 
are they putrescible apart from the liquid portion of 
the effluent ?—The following analysis of the suspended 
solids in the effluent of a continuous filter in Man- 
chester was made by Mr. Raymond Ross, of Burnley. 
It is putrescible apart from the liquid portion of the 
effluent. 


Analysis of Suspended Solids from Continuous Filter, 
Manchester. (R. Ross.) 


Moisture - - - 82-29 
Mineral - - - “ 9°37 
Organic - - - : 4 - 834 
Dried residue - - - % 2 =) 
Nitrogen - - - - : - 2-79 
Carbn -— - - : : 23-04 
Hydrogen 3°44 


Mineral matter mainly ox'de of iron. 


22833. To what extent do you find that the organic 
matter of the suspended solids issuing in the effluent 
from a percolating filter is different from the organic 
matter of the suspended solids going to that filter 2 


Extended investigation is necessary to properly answer 
this question. 


_ 22834. Have you any experience of, or any sugges- 
tions to make on, the settlement or other separation of 
the suspended solids issuing from a percolating filter ; 
and to what minimum figure do you think such settle- 
ment or other final treatment can be carried as a 
practical measure ?—Settlement appears to me, from 
the character and amount of the suspended matter 
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issuing from the open continuous filter in Manchester, 
to be inadequate, and some form of straining filter is 
necessary. If this reduces the final suspended matter 
(i.e., the total amount obtained on standing) to, say, an 
average of 2 grains and a maximum of 3, this should 
fulfil all practical requirements. 


22835. Do you find that the suspended solids in your 
filter effluent vary very much in amount from time to 
time; and, if so, can you explain the causes of such 
variation ?—Yes, but have not followed this question 
very closely. 

22836. What was the cost of your percolating bed 
installation per acre, and how much liquid do you treat 
per acre, per 24 hours, at ordinary times and in storm 
times ?—The experimental filter in Manchester was very 
costly, but it would not be fair to give the figures as a 
basis of comparison. 


22837. Have you made any experiments which throw 
light on the action of percolating filters, with regard to 
the oxidation of the ammoniacal and organic matter in 
solution and of the organic matter in suspension? Have 
you evidence to show that ammonium salts and organic 
substances in solution, not of a colloidal nature, pass 
rapidly through a percolating filter, or that they are 
first absorbed by the filtering material or by growths 
on that material, so that their passage through the 
filter is a very gradual one?—As regards the ammo- 
njacal and organic matter in sclution, much depends 
on the size of the material and consequent proportion 
of liquid held up in the interstices. Experiments with 
fluorescein show that with an open filter a certain pro- 
portion of the liquid comes through very rapidly; a 
remaining portion takes a much longer time. Labora- 


tory experiments have shown that ammonium salts are ° 


absorbed by washed and sterile clinker, and I have very 
little doubt that their passage through a percolating 
filter is in reality very slow, a constant sequence of 
physical and chemical changes taking place depending 
on the size and character of the material, the extent 
to which it is coated with gelatinous matter, the varia- 
tions in the strength of the effluent applied, and in the 
rate of its application. In general the action of a 
percolating filter tends to the formation of nitrates, by 
oxidation of ammonia, rather than to the breaking 
down of complex organic compounds in solution. The 
organic matter in suspension is certainly changed in 
passing through a percolating filter, but further study 
is necessary before speaking in detail on this point. 


22838. Have you observed the effects of changes of 
atmospheric temperature on the working of a perco- 
lating filter ?—I have noted that unless the effluent is 
kept constantly moving by the distributor used for 
feeding the filter, it will freeze in cold weather. 


22839. Have you found any trouble from vegetable 
growths in percolating filters? If so, have you been 
able to form any opinion as to the causes of these 
growths, and as to the way in which the growths can 


MINUTES OF EVIDENCE : 


be prevented ?—With an experimental filter of fine 
material some amount of growth formed on the surface 
after long use, and in an open filter slimy growths. 
certainly tended to form here and there on the sur- 
face. This appears to me to be due to the fact that 
large quantities of unpurified effluent are applied in 
one place, and consequently fungoid growths of the — 
usual character follow. The remedy would appear to 
consist in applying less per square yard or in carrying 
preliminary treatment further. 


22340. Do you find any nuisance from the treatment 
of sewage on percolating filters? Have any complaints 
been made?—With the experimental filter in Man- 
chester it cannot be said that any appreciable nuisance 
arose. An extraordinary development of insect life, 
flies, spiders, etc., was, however, remarked, though the 
flies did not appear to get away from the filter. In 
more than one other installation I have seen, however, 
I am bound to say that the clouds of peculiar large- 
winged flies were extremely objectionable. I have 
pore noticed any appreciable smell from percolating 

ers. 


22341. Would you kindly compare the cost (initial 
expenditure and annual cost of upkeep and working) 
and relative advantages of percolating filters and con- 
tact beds? Do you consider that one form is best for 
some kinds of sewage, and the other form for other 
kinds of sewage ?—The following extracts from a paper 
read by me before the Congress of the Royal Sanitary 
Institute in Glasgow in July, 1904, will best answer 
this question : — 

“Through the kindness of some of my friends I am 
able to give a preliminary table of data which, though 
not complete in all respects, will serve as an illustration 
of my argument, and as a basis for what I hope may be 
a useful discussion. For these data I have to thank 
Mr. Newton, of Accrington; Messrs. Pickles and Ross, 
of Burnley; Mr, Watson, of Birmingham; and Mr. 
Valentine, of Oldham. 

“The following are some of the conclusions which 
appear to me to be justified by the table : — 

“1, That it is not possible to say on merely general 
grounds that one process is to be preferred to another, 
equally good results being obtained by a number of 
methods if carried far enough. 

“2, That percolating filters are more expensive than 
contact beds in first cost. 

“3. That whether they justify this extra first cost 
depends on local conditions, 

“4, That where pumping would be necessary in order 
to operate sprinkling filters, as at Burnley, Manchester, 
and Oldham, then contact beds are cheaper. 

“5. That where a sufficient area of contact beds can 
be obtained at a low cost of construction, as at Oldham, 
they are cheaper under all circumstances. 

“6. That, for purposes of comparison, costs should be 
calculated on the dry weather flow. 

“7, That, other things being equal, a small flow per 
head conduce3 to economical treatment.” 
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lt is fair to say that in the discussion which followed 
the reading of the paper it was contended that con- 
tinuous filters could be put up much more cheaply than 
in the cases quoted in the table. This may be so, but 
in order to form a judgment of their economy the 
amount treated per acre yard would have to be known. 


22842. Do you find the chance of nuisance is any 
greater with one form of filter than with another ?—I 
have referred to the development of insect life in con- 
nection with percolating filters (see 22840). I have never 
come across a case of nuisance from contact beds nor 
from continuous filters worked as “ controlled ” filters. 


MINUTES OF EVIDENCE : 


22843. Have you made any comparative observations 
which show how many gallons per cubic yard per 24 
hours of your tank liquor or tank liquors could be 
satisfactorily purified on a percolating filter, and how 
many gallons per cubic yard on contact beds? If so, 
would you. kindly state the results, at the same time 
telling us in precise terms what was the composition of 
your tank liquor or tank liquors, and what you are 
considering to be a satisfactory effluent ?—The follow- 
ing results, obtained with small experimental filters 
3ft. deep and 2ft. square, worked under absolutely 
comparable conditions, may give some information in 
regard to this question :— 
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22844. Could you express an opinion as to how tne 
number of gallons would vary with variations in the 
strength of your tank liquor, and on what figure or 
figures you would rely for defining the “ strength”’ of 
your tank liquor ?—The amount treated on our contact 
beds will vary from 350,000 gallons in dry weather to 
as much as 1,000,000 gallons per acre per day in wet 
weather, The chlorine number is generally taken as an 
index of the strength of the sewage. As a matter of 
practice, however, it is not alway. possible to adjust the 
rate of treatment exactly to the strength of the sewage, 
as the volume is often largest while the sewage is still 
strong. As a practical measure to prevent as far as 
possible the pollution of the stream receiving the 
effluent, it is best to treat as much as possible of the 
foul first flush, even if some of the latter part of the 
rainfall passes away unfiltered. In this way the aver- 
age effluent entering the stream will be better, and the 
beds will not be taxed on the average out of proportion 
to the flow, experiment having shown that a number of 
contacts can be given in quick succession provided they 
are succeeded by adequate rest. 


22845. Have you had any experience of storm-water 
filters ?—The results of my experience with the storm- 
water filters at Manchester are summarised in the fol- 
lowing paragraphs, taken from the annual reports of 
the Manchester Rivers Committee :— 


Tur Storm BrEps. 


“The original intention was to put only the weak 
night sewage on to the storm beds in dry weather, but 
in order to produce as good an average effluent as pos- 
sible pending the completion of the works, the effluent 
from the chemical treatment of a part of the day sewage 
has been put upon them. This should be borne in 
mind in judging the average quantities dealt with by 
these beds, as they were constructed with the view of 
dealing at a rapid rate with dilute sewage only. 

“As regards analytical work, separate analysis 18 
made each day of the average tank effluent passing to 
each area, and of the discharge, individual beds being 
sampled separately from time to time, as appears de- 
sirable. 

“ All these arrangements are subject to modification 
in time of storm. The procedure depends in such a 
case on the dilution of the sewage, the number of fill- 
ings being increased and the water allowed to pond up 
to the level of the bellmouth, or even to flow con- 
tinuously through the bellmouths for limited periods. 
The average results obtained when the beds were work- 
ing in this manner are given in the Table. 

“Tn time of storm the number of fillings on tha 
half-acre beds is also increased, and in this connection 
special attention is directed to the Table where details 
are given of the results of dealing with storm water on 
a number of specified dates. 

“The composition of the total effluent obtained on 
these occasions is arrived at by averaging the analytical 
results from the various effluents leaving, the works in 
proportion to the volume of each. 

“ These results show that it is possible to deal satis- 
factorily with very 'arge volumes of storm water, the 
returns for October 28th, November 2nd, November 
28th, and February 4th being especially noteworthy. 

“In some cases—e.g., October 28th, 1903—in order 
to make the best use of the acreage available, the tank 
effluent was allowed to pass away unfiltered at its 
period of greatest dilution, only the stronger effluent 
bemg put upon the beds. By this means, although 
the rate of filtration is not very excessive, the average 
result obtained is more satisfactory than if the beds 
had been used during the period of greatest dilution. 


MINUTES OF EVIDENCE 


“The results given in the Tables show that the purifi- 
cation effected by these beds has been highly satisfac- 
tory. Owing, doubtless, to the fine material of which 
they are composed, and the fact that in dry weather 
they are only filled once a day, the nitrification in the: 
matured keds has been exceptionally high. The beds 
which were started in the summer took less time to 
mature than those which were started in the winter 
months, but all are now giving satisfactory results. 
This large production of nitrates in dry weather 
enables the beds to be successfully used at a more 
rapid rate, or even as streaming filters in time of storm, 
end entirely bears out thé intention with which the 
beds wera constructed. 


“'Ithe control of the whole of both areas of 
storm beds has been in the hands of two men, their 
shifts overlapping two or more hours in the middle of 
the day. Since the whole area has been in operation 
one or two men have been pretty generally employed 
in removing the grease, which still tends to collect at 
the corner of the beds, though to a less extent than 
formerly ; these men also attend to the light harrow- 
ing of the beds, the harrow being drawn by a donkey. 
The frequency of this latter operation depends upon 
the weather, but it is seldom required more than once 
a month, even on the oldest beds. The largest bed 
can be harrowed in one shift, so that it is not a very 
costly operation. 

“The scraping operations mentioned in the annual 
report for 1902-3 were continued during the months of 
May and June, 1903, the whole of the easterly area 
receiving attention; the amount of labour, however, 
varying considerably on different beds, the extra labour 
in many cases being due to relevelling the surface. 
The cost varied from about 30s. to £12 per bed, all 
of which is included in the filtration costs. 


“Tt may be of interest to note that a sample of the 
scraped-off material from a specially bad part of the 
surface was found, on drying and extracting with ether, 
to yield -37 per cent. of greasy extract. Dr. Carl 
Schreiber, in his investigation of the grease on the — 
Berlin land filters, concludes that °10 per cent. is suffi- 
cient to render sand impervious to water. 


“The scraped-off material was burnt in heaps with 
the addition of a little coal. After being once started, 
the heap gradually burnt through with practically no 
further attention, owing chiefly to the particles of coke 
and coal intermixed with the original clinker as well 
as to the grease and other organic matter present; a 
hard red clinker finally resulted, which, although it 
contained too much dust to be profitably screened, 
afforded a fair material for making paths. 


“In determining the necessity of harrowing or 
scraping the suface of these beds, it should be men- 
tioned that operations are not found to be necessary 
immediately the surface of the beds shows signs of 
becoming less pervious. So long as the requisite 
quantity of water can be passed through the bed in 
a given time, analysis of the filtrate shows that the 
purification is not impaired, but rather increased, by 
a certain amount of surface resistance. 


“Tf, however, the upper part of the bed becomes 
really sodden, then the purification rapidly falls off, 
and under these circumstances it is necessary to rest 
the bed and to loosen the surface. 

“Examination of the material of the oldest beds a 
few inches below the surface has up to the present 
shown the clinkers to be quite sharp and clean. The 
storm beds, in fact, in their mode of action, and in the 
character of management required, bear a close analogy 
to water-works filters.” 
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It should be stated that during the past six montns 
the actual expenditure on these beds has increased, 
though the average cost per-million gallons has not 
risen proportionately. 

I ie rite that Sen: experience at Withington has 
shown that preliminary settlement is advisable before 
sewage is passed on to the storm beds. 


22846. Do you consider storm-water filters lose any 
of their efficiency by being used intermittently at long 
intervals?—If once thoroughly matured I think a long 
resting period might be allowed without detriment. 
In the early stages, however, it is necessary to work 
the beds up in dry weather, otherwise they would be 
a very long time before they would adequately deal 
with storm sewage. 


22847. Have you any practical suggestions for dis- 
posing of sludge ?—Sewage screenings should be burnt 
in destructor. The town’s refuse destructor should, 
where possible, be placed at the sewage works. 
Material from detritus tanks can be tipped without 
ottence, and, after thorough oxidation, could in some 
cases be disposed of as rough sand. As regards sludge 
from tanks, I believe that wherever practicable it is 
well that land should be provided into which this can 
be dug, as is the case at Birmingham. Methods for 
drying and utilising the sludge in various ways, either 
by mixing with lime and selling for manure, as at 
Glasgow, or recovering grease and other products, as 
at Bradford and Cassel, have so far had only a limited 
success. There are, however, possibilities in this direc- 
tion which have yet to be worked out. 


22848, Do you find that some methods of disposing of 
sludge are more likely to cause nuisance than others P— 
Whatever method is used, it is important that the 
sludge should not be exposed in an unoxidised condition 
for any length of time. It should be trenched into the 
ground at once, or, if lagooned, covered with a layer 
of peat or such-like material, as at Frankfort. Lagoons 
of sludge or heaps of pressed cake may readily become 
offensive. 


22849. What, in your opinion, constitutes a good 
effluent ?—A good effluent, in my opinion, (1) does not 
cause a deposit in a stream; (2) does not deprive the 
stream of oxygen; (3) does not encourage weeds or 
fungus; (4) does not contain pathogenic germs; (5) is 
not injurious to fish, plants, or living organisms. 


22850, Do you consider that the type of effluent from 
a contact bed is superior or inferior to the type of 
effluent from a percolating filter?—A double contact 
effluent is generally superior to the effluent from a per- 
colating filter of coarse material, inasmuch as it is not 
so likely to cause a deposit in a stream. There appears 
to be little difference between a double contact effluent 
and a continuous filter effluent if the latter is strained 
through fine material. I regard the interaction of 
nitrates and organic matter which goes on in contact 
beds as of great importance. A continuous filter may 
often contain more nitrates than a corresponding effluent 
from a contact bed, but not be so good in other 
respects. 


22851. What test or tests do you chiefly rely upon in 
judging of the quality of an effluent, and for what 
reasons ?—In the first place the amount of dissolved 
oxygen which the sample is capable of absorbing from 
fully aerated water. This test, 7.¢c., the “aeration 
test,” may be carried out in different ways. The 
practice in the laboratory at Davyhulme is to mix one 
volume of the sample with nine volumes of aerated tap- 
water and incubate at 80 deg. F. for two days, the 
dissolved oxygen being determined before and after 
incubation by the Winkler method. This test appears 
to me to be the most natural to apply, and an effluent 
which absorbs only a limited quantity of oxygen under 
these conditions is not likely to give rise to serious 
trouble in an ordinary stream. As a further precau- 
tion, however, the behaviour of the sample on incuba- 
tion alone, and the amount of suspended matter pro- 
duced from it under these conditions, should be noted, 


22852. Is one standard for all effluents passing into 
non-potable streams possible and desirable ?—I do not 
think that one standard for all effluents passing into 
non-potable streams at all possible or desirable. 


22853. Should there, then, be more than one stan- 
dard: and, if so, how should a plurality or series of 
standards be formulated? Wat amount of suspended 
matter would you allow in an effluent ?—I consider that 
each eass should be carefully and scientifically con- 
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sidered on its merits, regard being had to the conditions 
at the point of discharge. 

22854. What is your experience of the effect of storm 
water upon filters of various sorts ?—Provided that the 
storm water is settled before passing on to the beds we 
have not found any permanent damage to be done, 
though in long-continued wet weather the maintenance 
charges certainly rise and the efficiency of the filters is 
for the time somewhat impaired. 

22855. How far do you consider it advisable for a 
sewage installation to be worked automatically —I do: 
not consider that automatic working is desirable or 
useful in large works. In the case of small installations 
some simple form of automatic apparatus is often use- 
ful, but rather with the intention to minimise super- 
vision than to dispense with it altogether. 

22856. Have you made any systematic observations 
as to the effects of discharging etfluents of known 
volume and known composition into ditches, canals, 
brooks, or rivers of approximately known volume ?— I 
have found that even with effluent from first contact 
beds the condition of the Ship Canal is improved from 
the point of view of putrefaction below the Manchester 
outfall, although the analytical figures, e.g., 4 hours’ 
oxygen test, are somewhat greater below the outfall 
than above. 

22857. Could you make a short statement setting 
forth the values you attach to the different chemical 
tests in use for determining the qualities or conditions 
of sewages and effluents, and giving your reasons? 
What are your views with regard to the quantitative 
determination of the “strength” of a sewage, tank 
liquor, etc. ?—I may here refer to my lecture, “The 
Application of Chemical Analysis to the Study of the 
Biological Processes of Sewage Purification,” delivered 
at the Public Health Laboratory at the University of 
Manchester, March 14th, 1904, a copy of which I hand 
in. (Published by Sherratt and Hughes at the University 
Press, 27, St. Ann Street, Manchester,) 

22858. Are there any further points on which you 
would wish to speak at this stage?—I am of opinion 
that our knowledge as regards the physical and 
chemical changes which take place in the course of the 
purification of sewage is still very far from complete. 
A large amount of careful work is needed in a number 
of directions, of which the following in particular may 
be instanced, viz., to determine :—(a) (1) What 1s the 
purely physical effect of contact material of different 
sorts and sizes on solutions containing the substances 
found in sewage or produced during its transformation ? 
(2) To what extent is anaerobic action desirable, and 
what are in fact the precise changes which occur when 
the various substances present in sewage are subjected 
to anaerobic fermentation? (3) The actual quantitative 
proportion of the organic matter which can b2 converted 
into simple products, either gaseous or soluble, in water 
by anaerobic and by aerobic change. (4) How far the 
changes taking place in a biological filter are to be 
classified as purely chemical, or as being produced by 
bacterial activity, or by the activity of higher animals 
and plants. (5) What are the precise effects of sewage 
and the various products of its transformation on the 
life present in streams, whether microscopic or other- 
wise? (b) I consider it very important that the laws 
for admission of trade refuse into sewers and water. 
courses should be clearly defined. (c) I feel strong!y 
the importance of the adoption of a broad policy in 
sanitary administration. Municipal financial resources 
being necessarily limited, care should be exercised that 
expenditure should be to the best advantage; thus, for 
example, it may be of more importance to the health 
of the community that money should be spent in ob- 
taining good housing accommodation and adequate open 
space than in producing a sewage effluent of an irre- 
proachable character. TI believe also that the rivers 
would be in better condition if authorities endeavoured 
to cope with the whole of the first flush of storms by 
settlement or otherwise, even if this were done at some 
sacrifice of purity in the dry weather effluent. Each — 
localitv will have to judge for itself how the available 
monev can be most wisely spent, and what is the limit 
of necessary expenditure. (d) It appears to me to be 
increasingly necessary that towns should derive their 
water supply from sources beyond the reach of pollu- 
tion. It would appear that more might be done in the 
way of utilising gronmd water supplies, as has so suc- 
cessfully been accomplished at Frankfort. Where the 
source of water is exposed to pollution from sewage, or 
ordinary sewage effluent, it should be carefully filtered. 
There are possibilities in the use of stone as a stand-by 
in the case of temporary breakdown of the filters 
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Sewage from infectious diseases hospitals, or from indi- 
viduals suffering from infectious disease, should be 
sterilised before admission into streams. (e) A recent 
visit to the Government Experimental Station at Berlin 
has impressed me afresh with the great importance of 
the formation of a central authority such as has already 
been suggested by the Commission. Such an authority 
should have ample means and opportunity for carrying 
out the numerous careful researches which are needed 
if sewage purification is to be carried on throughout the 
country with efficiency and economy. In conclusion, I 
should like to thank the officials of the Rivers Depart- 
ment and the staff at Davyhulme for their help in pre- 
paring the information required for answering the fore- 
going questions, and in particular I should mention my 
chief assistant, Mr. Edward Ardern, now resident chemist 
at Davyhulme; Mr. Stanley Royle, engineering assis- 
tant ; and Mr. David J. Hallard, rivers inspector. 


22859. (Sir William Ramsay.) Mr. Fowler, in Quesion 
22727 you give the quantity of iron in solution coming 
from the galvanising works as practically 18 per cent 
of the liquors ?—Yes. 


22860. And then you give the gallons per day ccming 
from such works as 550,000, galvanisers and brass 
finishers ?—Including cooling water from wire rollers. 


22861. Is the large proportion of the water cooling 
water ?—Half a million of it. 


22862. Is cooling water ?—Very nearly that. 


22863-6. Then what amount would you say is the 
solution which contains the 18 per cent. of iron ?—It is 
estimated at 1,600 gallons, the remainder of the 50,000 
gallons being washing-off water, containing a smaller 
percentage. 


22867. Is it not possible to get the galvani-ers to 
recover that iron; it is a very large proportior ?—We 
have approached them with that object, and they say 
that they have spent a great many hundreds of thousands 
of pounds in fruitless experiments, and they do not seem 
to wish to go much further with it; but we still have 
hopes that something may be done. I may say that we 
have very greatly reduced the percentage of iron in the 
Manchester sewage by dealing, or causing the firms con- 
cerned to deal, with large amounts of iron in suspension 
from aniline producticn which used to gc into the sewers, 
and speaking from memory the percentage of iron 
oxide in the mineral matter of the dried sludge 
was reduced thereby from about 50 per cert. to seme- 
thing like 25 or 18 per cent. Those figures are given 
in the last published report, published in March 1904, 
so that we have made a very great reduction, but there 
is no question that there is a very large amount of iron 
in the Manchester sewage which constitutes part of the 
sludge—as I say about 20 per cent. of the total mineral 
matter in the sludge is iron oxide. 


22868. (Mr. Power.) In the septic tank sludge, you 
mean ?—Something like that, I think; I have not got 
my report here, but at any rate the figures can be verified 
from that, and in the matter which is washed out from 
the beds, suppesing we take the material of our beds and 
wash it up, avery large proportion of the mineral matter 
is oxide of iron. 


22869. (Sir William Ramsay.) Then of course you 
have no chance of getting sulphuretted hydrogen under 
any conditions in the septic tanks ?—I think not, unless 
they are allowed to stand for some time. I have made a 
point of that in my evidence; that it is important, if 
you are not to get nuisance from septic tanks, that 
the sewage should not be long in passing through, or 
that it should not be allowed to stand, and it happens 
curiously that only the other day, owing to certain con- 
structional work, we had tostop the flow through our septic 
tanks for some days, and the manager at once com- 
plained that the stench was becoming rather serious. 


22870. Of course the iron which is present is ferrous 
salts ?—To be sure. 


22871. These will oxidise when exposed to the air 
but not in the septic tank; they may be reduced in tke 
septic tank ?—They may be reduced in the septic tank ; 
in the sewage they are mostly present as ferric salts, 

22872. Ferric ?—Unless a large gush comes down at 
once; but if you have an ordinary sample of sewage 


apart from these occasional flushes, you will see most of 
the iron will be there as some kind of ferric hydrate. 
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22873. Colloidal ?—Colloidal; iron in the ferrie state. Mr. Gilbert J. 


Ot course it is there mostly in the ferrous state originally, 


Fowler, 


and as it goes down the sewers and comes into contact D.Sc., F.I.C. 


with the air it rapidly oxidises. 


22374, And probably will not be attacked by the sul- 
phuretted hydrogen when it is in the insoluble ferric 
state ?—I think probably it would be; all that iron 
material quickly blackens with sulphuretted hydrogen. 


22875. It would be a very important thing to put 
pressure upon those people to try to avoid such a thing 
as that ?7—Oh, a very important thing indeed. I may 
say, as possibly of interest in this connection, that the 
black suspended matter which passes away from the 
septic tanks certainly contains a large amount of sulphide 
of iron ; if you allow it to oxidise it goes red, and you can 
extract something like 10 per cent. of free sulphur from 
it; I have sent up to some of the works in Manchester to 
see whether they could recover the sulphur, but they said 
there was a fair amount of sulphur there, but any idea 
of burning the stuff to get SO, would be of no value, 
because of the large amount of carbonic acid from the 
organic matter present which was given off at the sam? 
time. 


22876. In answer to Question 22723, the second regula- 
tion for admission of refuse into sewers in sub-section () 
requires that the resultant effluent shall be free from 
solids in suspension beyond fifteen grains to the gallon ; 
do you think that is as low as it can be conveniently got ?— 
Well, you see one had to average that figure. That figure 
is more or less of a rough practical guide rather than a 
severe limit, because, for example, ordinary sewage, normal 
sewage, will contain more than that. On the other hand 
there are certain effluents which the manufacturers would 
have difficulty in getting down to that figure; other 
effluents there are, on the other hand, which they can 
readily get much below that; and so we put that in as a 
rough average, with a reservation that certain effluents 
might find it difficult to come within it; but on the whole 
it has worked very well, and I have found ina great many 
cases where the chief problem has been to get rid of the 
suspended matter the manufacturers have had no difficulty 
really in coming within that limit. 

22877. Then in the regulations for the admission of 
trade refuse into sewers in the city of Manchester, there 
is a provision that the drainage shall be conveyed into 
the sewer at a uniform and regular rate of flow 
throughout the twenty-four hours of every day. I wish 
to ask is that regulation pretty well kept ?—On, 
yes. 

22878. You do not find difficulty in that way 7—We 
have no serious difficulty in that way; it is simply a 
question of providing the tanks with floating arms. 

22879. In your answer to Questioa 22729 you state the 
method of starting new beds, half-acre beds ; ** Half- 
acre beds which after several weeks working failed to give 
a non-putrefactive effluent when only filled six times a 
week, two hours contact being allowed, immediately gave 
non-putrefactive effluent when the period of contact was 
increased to twelve hours.” We have had evidence to 
show that that is not always the case. Do you find it 
uniform that this is so, or is it the result of some special 
experiments?—It is almost uniformly the case immediately 
at the beginning of the working of a bed, and 
certainly in the case of the beds above mentioned, 
wh'ch had been working a few weeks. My further 
experience has led me to think that the whole thing 
is a purely physical question at the very beginning. 
It is possible that a slightly different impression is 
conveyed by this answer from what I would now 
wish to convey. I mean quite this—that with the 
absolutely new material you put sewage on to it, or 
effluent on to it, and hold it in contact for a prolonged 
period; then almost all the colloidal matter in the effluent 
is retained by what some call absorption, physical absorp- 
tion by the medium, and you get a wonderfully clear 
filtrate, even after the first contact, if the contact 
is sufficiently prolonged, and that will go on for some 
time until there is a certain amount of accumulation of this 
colloidal matter, and then the bacterial activity is not suffi- 
vient to prevent a slightly increased putrescence in 
the nitrate. I do not know if I am making myself clear, 
but the first change appears to be purely physical ; then 
some time must needs elapse before the bacterial activity 
will begin, and before this colloidal matter begins to be 
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oroperly oxidised; and there is an intermediate stage 
when you will not get perhaps such good effluents. You 
get a very good effluent at the first, and you get a good 
effluent when the bed is matured, and there is an inter- 
mediate stage, it seems to me, when you may fail to get 
such a good result. 

22880. How long does this intermediate stage last as a 
rule ?—Well, that will depend on the season of the 
year to a very large extent. It is always better to start 
beds in the spring if you can ; I think there is no doubt 
about that from our experience ; but with the Manchester 
sewage under the best conditions I should think it will 
take you some three months before you can begin to get 
nitrates in it. 

22881. (Mr. Power.) Even under this plan ?—Even 
under this plan. ~ i 


22882. Have you applied the plan generally to sewage 
with a view to rapidly maturing beds—to domestic 
sewage—or do you think it is peculiar to Manchester?— 
I think I would be inclined to apply it generally, because 
you see you at once get an idea in that way when tostart 
your work, whereas otherwise you may be going on for- 
cing a good deal of colloidal matter through, and at t 
same time not be getting your bed into condition as 
fast as you otherwise might. 


22883. You might be losing colloidal matter ?—Yes, 
passing right away unpurified. 


22884. (Sir William Ramsay.) A little further on 
you say, “‘ With beds which have been in use for several 
years the total period of filling, standing full, and emp- 
tying, need not exceed two hours ;”’ but youdonot mean 
to say, surely, that you have two-hour cycles ; you give 
a period of rest, do you not ?—Oh, yes. My point was 
that I would keep my period of rest as long as I could, 
but not be so much concerned about my period of contact. 


22885. I see—period of rest empty, that is ?—Empty. 


22886. In your reply to Question 22735 there is a 
curious remark ; perhaps you would wish to modify it. 
“Tt appears to me that, on the whole, the strength of 
sewage is best measured by the number of gallons per 
head arriving at the works daily.” It does not appear 
to me that the amount of sewage has anything to do 
with its strength ?—Pardon me. 


22887. You can measure strength in one gallon of 
sewage, or in one million gallons; it may be the same 
strength ?—Yes; there comes the question as to what 
you mean by “ strength.” 


22888. What do you mean by strength ?—Well, I 
mean just what I have said; that is to say, I notice 
there is a copy of my lecture there. I might refer to the 
case in point, where I quote the case of latrine sewage 
in Calcutta, with which you are doubtless familiar. 


22889. Yes ?—Page 11 of my lecture ; I give here the 
actual figures of Johannesburg; some of the Johan- 
nesburg tank-cart sewage, and there there would bea very 
small amount of water in proportion to the organic 
matter, and you get what I call a very strong sewage, 
namely, with thirty parts per 100,000 of chlorine, and 
from six to twelve parts of albuminoid ammonia, you 
see. 


22890. May I suggest that the words ‘‘ of population ”? 
after “per head”? will make it all right, so that it will 
read “‘ per head of population.” I think that is owing 
to a misunderstanding of what is meant by ‘“‘ per head ” ? 
—Oh, I see; yes, just so. 


22891. Shall we insert the words “of population” 
there to make it clear ?—Very good. 


22892. Now I understand, of course. 


22893. (Colonel Harding.) Might I interrupt Sir William 
for a moment to ask a question on that point. It occurred 
to me that if it were possible. to measure the strength of 
sewage in the number of gallons per head coming to the 
works that would be extremely convenient. If one 
could speak of a 45-gallon sewage and a 25-gallon sewage 
and form by that means a measure of the strength it 
would be invaluable, the Suggestign being that the larger 
the number of gallons per head’ the weaker the sewage 
would be; that is so, is it not ?—Undoubtedly. ped 


_we have 1-1. 
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22894. I have endeavoured to follow out your sugges- 
tion by comparing sewages with which you will be familiar. 
I have taken Manchester, Heywood, Salford, and Burnley, 
and endeavoured to see how that would work parallel. to 
the albuminoid ammonia measure ?—Yes. i 


22895. I am obliged to leave out Salford, because I 
see they do not give the albuminoid ammonia measure ; 
they only give the oxygen absorbed. Leaving out Sal- 
ford, I find that Manchester is a 45-gallon sewage, 
Heywood a 30-gallon sewage, and Burnley a 27-gallon 
sewage ?—That is so. 

22396. Well, judged by the albuminoid figures 
given by those several authorities, in the case of Man- 
chester, which has the highest number of gallons per 
head, we have 0°55 albuminoid; then for Heywood, 
which has thirty, gallons per head only, we have 0°8; and 
for Burnley, which has twenty-seven gallons only, 
So that your system of measure would seem 
to be in general harmony there with the albuminoid 
ammonia measure ?—I think it would be. I may say 
perhaps that in practice I have come to the conclusion 
that in designing works one should deal, not with the 
volume but with the population, and calculate your tank 
space and your filter space at so much per head of the 
population, and then you are quite independent of the 
varying water supplies. 


22897. Of course in taking the gallons per head as a 
measure of the strength of sewage, one is obliged to take 
so many things into consideration also ?—Of course. 


22898. First, the volume of trade effluents, the subsoil 
water, and how far water closets are general in the com- 
munity?—To be sure; I think I have made that 
qualification. 


22899. If one has to do that, then is there much value 
left in the gallons a head measurement; is it not really 
sate, and does not one get quicker to the point, if one 
takes the measure of the albumincid nitrogen as the 
measure of the organic impurities ?—Unfortunately in 
designing works you have not any figures of that sort 
as a rule to go upon; there is no sewage to analyse, 
you see. ; 


22900. That observation, no doubt, applies to entirely 
new works ?—To be sure; of course it is simple, 
no doubt, when it is a question of the extension 
of an old works, but I have been concerned lately with 
designing schemes absolutely de novo, and that is the 
only way that I can get at it. 

22901. Anyway, your suggestion is an interesting one ; 
it will be useful to work it out and see how far it may be 
taken as of general application. 

22902. (Sir William Ramsay.) Have you tested for 
mineral poisons in your sewage and effluents ?—No; 
only so far, I know that sulphocyanates are present. 

22903. Nothing more ; 
tried, I am bound to say. 


no arsenic ?—I have never 


22904. In ycur reply to Question 22741 you say: “ The 
addition of chemicals in time of storm I do not consider to 
be of much, if any use.” By chemicals, do you mean the 
sewage chemical precipitants, ferric cake and ferric 
sulphate, and so on ?—That is what I mean. I may 
say on one occasion I added for the sake of experiment 
as much lime and iron as I possibly could, when there 
was a big storm flow on but I do not think I did any good. 

22905. In answer to Question 22746, you refer 
to certain tanks, which tanks, ‘““by continuous 
settlement, from three to four hours being taken 
in passing through the tanks ’’—the septic tanks ?—I 
think it was under the head of sedimentation tanks. 

22906. Sedimentation tanks ?—Of course, it does not 
come out here, but in these questions that were sent, they 
were divided under certain heads. 

22907. You say in answer to Question 22749 that 
you prefer to use settlement tanks in parallel. 
What are your reasons ?—My reason briefly is this—that 
beyond a certain length of tank the amount of added 
settlement that you get is very small, and moreover there 
is greater difficulty in cleaning the tanks one after the 
other. 

22908. The first tank will be filled inordinately 7— 
To be sure, though I ought at the same time to qualify 
that by saying that sometimes it is an advantage that 
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your first tank should be filled inordinately, as you 
have said. For instance, at Bradford they work their 
tanks of set purpose in that way, so as to get an enormously 
concentrated sludge in their first tank for the purpose 
of grease extraction, and where that particular purpose is 
required, then no doubt there is a useful purpose served. 


22909. In answer to Question 22752, you speak of pass- 
ing the grit in with the rest, and sending it through the 
ejectors or sludge pumps. Does not the grit damage the 
sludge pump ?—No, not so far as we know. 


22910. Would you screen the sludge before you pass it to 
the pumps? A little further down, you say that “in Man- 
chester the exceptionally large amount of cotton waste 
and other fibrous material in the sewage renders it neces- 
sary to screen the latter” ?—To screen the sewage. 
My point was that in some places, as for instance in 
Birmingham, you can satisfactorily screen the sludge, 
but I do not think that would be practicable in Manchester. 


22911. Are there any houses near your works. You 
speak of no complaints of nuisance, but are there any 
houses the householders of which could complain ?— 
There are very few close to the works; there is the 
manager’s house on the works, of course. I am bound 
to say that he has not an ideal time, but then his house, 
I think, is badly placed, because it is just at the entrance 
‘to the works, and occasionally, at the inlet from the 
screen-house, you do get smells, but they do not get 
away to any distance. 


22912. In answer tc Question 22759, you speak of 
mixing by baffling-boards or otherwise, but not to such an 
extent as to break up the precipitate into a very finely 
divided state. Have you experience of this happening ? 
—Only so far as this—that when I have experimented 
with ferric salts I have noticed that we have got a very 
finely divided precipitate, and that firely divided pre- 
cipitate took a long time to settle; therefcre I inferred 
that if you beat up any other precipitate into that same 
degree of fineness you would not get it to settle quite 
as well. 


22913. In the Table in 22763, phosphoric ac.d 
isreturned es 0°17; should not that be 0-71. That 
is very low ?—I have not got the original report here 
with me, but I am afraid this is correct. 


22914. It is very low ?—It is low, I knew. 


22915. In answer to Question 22766, you use 
the expression, ‘“‘ worked over.” What does that 
mean—removing the fine deposit ?—What I mean 


is that that fine deposit has been through the various 
processes of bacterial digestion; it has been worked 
over by the bacteria. 


22916. Oh, by the bacteria, yes. In the eatract 
on the working of the open septic tank (Question 22775), 
there is a sentence: “The result obtained by the 
careful measurements recorded in the foregoing para- 
graphs is thus confirmed, viz., that rather more than 
one-third of the total suspended solids in the sewage 
will have to be dealt with as sludge in the septic tank.” 
Is it not very much more than one-third ?—That we 
have actually to deal with? © 


92417. To deal with ?—It depends simply upon how 
much you allow to pass away. 


22918. But in practice what happens ?—In practice 
I may put it in this way: We used, in the old days of 
chemical treatment, to send away an average of three and 
a half trips of our steamer per week; we have now 
reduced that quantity to two and a half trips; but in 
those two and a half trips you have, of course, included a 
large proportion of the sludge that is brought down in 
storm times and deposited in the storm tanks; and, 
_ therefore, it is a little difficult, unless I actually get out 
the whole figures from the septic tanks—which I am 
bound to say I have not at my finger ends—-to say exactly 
what amount is taken out from the septic tanks alone. 
I think, speaking very generally, that we do take out as a 
matter of fact about two-thirds instead of one-third of 
what we used to. I should think that would be safe. 
But, of course, we do that for this reason, that we find 
that it is economical not to send so much suspended 
matter on to our beds. The whole question of sludging 
resolves itself into that—how you will deal with it; if 
you find it economical to deal with a certain amount of it 
on your beds by scraping it off or by washing at long in 
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matter at all if possible, or if you try to work things so 
that they receive an effluent with as little suspended 
matter a3 possible, then of course you will obtain more 
in your tanks and spend more on your tanks. 


22919. Do you vary your treatment, or have you 
found the conditions suitable for Manchester 7—We 
have come pretty much to this conclusion, that it is not 
with our present beds at any rate economically advisable 
to allow more than eight grains per gallon; that is to 
say, about ten or.eleven parts per 100,000 to pass away 
on to our beds, whereas these figures allowed for con- 
siderably more than that. 


22920. In the same extract, under the bead of ‘“‘ The 
amount and nature of aissolved solids,” you use 
the expression ‘‘Research in this direction is being 
continued; have you made any further experi- 
ments since this was written ?—There is a paper, 
I may say, coming out in the forthcoming 
Society of Chemical Industry Journal on the question 
of these colloids ; we have ivund one outstanding result 
which is rather of interest, namely, that if you com- 
pare Manchester sewage with say Moss-side sewage, 
which is entirely domestic, comparing the two as regards 
the proportion of the oxidizable matter which passes 
through the dialyser,there is a very much larger proportion 
in the case of Manchester than in the case of Moss-side ; 
you get a curve in the case of Manchester something like 
that (indicating), you get in the case of Moss-side a curve 
something like that (indicating), so that you get a very 
sharp means of distinguishing between the oxidizable 
matter of a practically harmless character and that due 
to sewage. 


22921. The Manchester oxidizable matter being very 
largely ferric salts ?—Mostly sulphocyanates and 
pheno's. 


22922. No ferric salts ?—No. 


22923. Again in the extract under the head ‘‘ Gen” 


eral Observations and Conclusions,” you say ‘‘lique 
fying or converting into gas about 25 per cent. 
of the total suspended matter.” It really means 
digestion comes to about 25 per cent. of the total 
suspended matter. 
I am afraid I do not feel competent to express myself 
strongly on that point, because we have found that 
these changes are so very complex; that is to say, if 
you take septic tank effluent which is moderately clear 
at the beginning and allow it to stand in a closed bottle 
it will deposit an enormous amount of stuff, and we have 
found so far as our dilution experiments have gone—I 
do not like to speak positively because we have not done 
very many—but so far as we have gone they agree in 
this, that there is rather more colloidal matter in the 
septic tank effluent than in the raw sewage, but then 
Manchester sewage is quite special in its character,we must 
always remember. 

22924. In reply to Question 22822 you give an opinion 
as regards continuous filtration ; is that opinion the result 
of practical experiment or what you have seen ?—The 
controlled filter. 


22925. The controlled filter ?—It is the result of 
practical experiments. 


92926. By yourself ?—By myself on a small scale ; 
that is to say, I find I get absolutely identical results 
whether I distribute by means of a fine layer of material 
or by means of a distributor: that is to say, at a certain 
rate ; naturally you can not pass quite such a large amount 
through, and I go on my general experience of other 
places. I know of works—I know Friern Barnet, for 
instance, which is one of the oldest works in existence 
which has gone for fifteen years or more without any 
difficulty at all—yielding a beautiful effluent ; I know of 
other works of the same class round Manchester—very 
fairly large works, as the Flixton works, for examp-e 
—which do extremely well. 


22927. Inanswer to Question 22734 : “What do youtind 
to be the best filtering material.” You say that vesi- 
culsr material is better than non-porous. We have 
had answers from other witnesses suggesting that non- 
porous material is better, because it is more easily 
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holes and cavities in it. 


22928. Which do not get clogged ?—Which do not 
get clogged; that is what I mean; at the same time 
giving you a large surface. 


22929. Then in answer to Question 22795 you 
speak of water-logging; have you experimental proofs 
of this; I think it is the first we have had 
mentioned; I do not know that we have had the 
expression ‘“water-logged”’ before in connection with 
a filter; one knows filters get stopped, but I have 
never heard of them getting water-logged ?—There is 
the one-acre filter at Barking, a case in point, for years 
that has been water-logged, at the bottom. . 


22930-1. Does that mean that it is stopped at 


the bott:m?—That is what I understand. It gets 
impervious at the bottom and fillsup. It simply 
will not drain from the bottom, the bottom 


layer of that filter—I am not sure that it is not 
published in a report—has become completely consoli- 
dated ; and I have noticed this, that whenever in our 
ordinary beds by some carelessness in putting in the 
material, a certain amount of fine stuff has got in—there 
may be a layer of it just at that point—the water re- 
mains and will not get away. That was particularly 
the case with one bed; and to watch this process I had 
pipes sunk at various points, and wherever there was a 
bad patch the water would stand in the pipe, although 
at other parts of the bed it might be quite free. 


22932. Passing on to Question 2230', you say that one 
cubic yard of mxterial should be provided per person ; 
would that also apply to a percolation bed ?—I think 
so, for this reason, that, further on, I shcw that as far 
as our experience goes—of course, I can only speak from 
my own experience, but I have also got figures from other 
places which seem to bear it out—that you obtain only 
rather more nitrate from a continuous filter, when you 
try experiments on absolutely comparative lines. For 
instance in Manchester, what we did was this—we had 
two measuring boxes about two feet square by eighteen 
inches deep into which we put the effluent we were 
going to experiment with, absolutely the same in both 
cases. Then, we had two experimental filters under 
those of two feet square and three feet deep, one fed by a 
little Stoddart distributor very carefully adjusted, and 
the other worked as a contact bed ; and below that again 
we had boxes to receive the whole of the effluent, first 
flush, and everything, so that we got an absolutely true 
comparison, and—I have given you the figures later on — 
you will find that the continuous filter gave slightly the 
better result from the point of view of putrefaction and 
the production of nitrates, but that there was compara- 
tively little to choose ; and that, and my other observa- 
tions of other places where accurate comparative experi- 
ments have been made, lead me to think that the whole 
thing is really a matter of surface and air supply. 


22933. (Chairman.) On Question 22716, does the surface 
water from the areas which have not been built over 
enter the sewer ?—“‘ What is the drainage area. . .” 


22934. Yes, exactly. Well, my subsidiary question is, 
does the surface water from the areas which have not been 
built over enter the sewer ?—No, there are no sewers, 1 
understand; these districts are, for instance, Heaton 
Park. Heaton Park is a huge park which has recently 
been brought into Manchester, and it is a large tract of 
purely agriculturalland, you see, but the Engineer will 
be able to deal with that question fully. The unbuilt 


areas are very largely open tracts of land which are 
not sewered at all. 


22935. Quite so, but does the surface water from them 
get into the sewers ?—No, not into the sewers. 


22936. Oh, it does not get into the sewers ?—Oh, no. 


22937. Then Question 22722, do you mean in your 
answer that the overflows do ngt come into operation 
until the flow is five times the maximum rate or five 
times the average rate ?—They were designed—I have 
not said what they do—they were designed to come into 
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operation at a dilution of five to one on the average 
rate. 


22938. Then on Question 22725, you say the volume 
which passes over the overflows cannot be accurately 
stated ; can you give any approximate figure ?—Well, we 
worked at this with some care, and we hardly like to 
commit ourselves ; but, quite approximately, of course, 
one might get at it by adding to the dry weather sewage 
the rainfall and subtracting the twelve or thirteen thou- 
sand million that come down to the works. One could 
make that calculation and then one will obtain 


22939. (Colonel Harding.) Six thousand million 


gallons about ?—Six thousand million gallons. Some- 
where about that. 





22940. (Chairman.) Would you put it approximately 
that 6,000,000,000 gallons went over the overflow ?— 
Not 6,000,000,000 gallons; some of it no doubt would 
go over the overflows, but a large amount would not 
get into the sewers at all—would form sub-scil, water 
and so forth. 


22941. Then Question 22741, you say that no doubt a 
good deal of mud passes on to the beds in time of storm 3. 
do you suppose that causes much serious choking ?—L 
do not think so, because the greater part of it remains- 
on the top and is afterwards scraped off. I may say, 
to anticipate perhaps a little, I have only this morning 
got some of the recent measurements of capacity from 
our beds, which seem to show that no serious chokage 
has taken place. When once the bed is allowed to drain 
and dry in fine weather there is no evidence 2f anything’ 
serious having happened. 


22942. And in answer to Question 22743, you say 
the suspended matter carried by the stream is injurious 
either owing to its clogging the gills of fish or 
blocking up water works filters. Have you any experience 
of water works filters being blocked up in that way ?— 
No personal experience, but it just occurred to me that 
that was one of the things which would have to be con- 
sidered ; for this reason, that, of course, if you take a 
water works that I am to some extent familiar with, 
the water works at Hamburg where they take the water 
of the Elbe, and settle it in tanks, and then pass it on 
to filters, of course unless you had an enormous tank area 
to allow of a very long subsidence finely divided clayey 
matter would undoubtedly pass away from your settling 
tanks, I should imagine; it is more supposition on my 
part than actual experience, I am bound to say, but that 
is what I had in my mind. 





22943. You do not of your own personal experience 
know of any case ?—No. 


22944. You have no experience, so to speak, in what 
distance a river will get rid of the suspended solids that: 
have been thrown into it ?—Of course, that involves a: 
very large number of questions. I know from first hand 
information that in the case of the sewage of Hamburg, 
when that is first discharged there is a certain amount 
of deposit on the bottom of the river; then the tidal 
flush comes and sweeps it all away immediately 
afterwards ; there is nothing left; and, of course, I am 
thoroughly familiar with the state of affairs at the Rath- 
mines outfall in the Liffey, and there, there is evidence 
that with the outrush of the tide everything is taken right 
away; but then, almost every river and every estuary 
varies ; and I have put it in this way that one has to find 
out what the river is capable of carrying in suspension, 
and anything beyond that must, of course, be deposited 
sooner or later. 


22945. I mean you have not actually any experience 
of a riverandits powers of digestion ?—No; no personal 
experience other than this particular case of Rathmines, 
which I have had occasion to go into very caref. lly. 


22946. Question 22760, you say an average analysis 
ef the effluent from chemical treatment for the 
quarter ending December, 1902, gives such and such 
results. What was the chemical treatment ?—Lime 
and copperas treatment it was. 


22947. And what was the amount of the chemical 
you added ?—In 1902, speaking from memory, there 
would be about from two to four grains of lime and about © 
twograins of copperas ; but, of course, there again I must 
make the distinction between Manchester and other places 
because Manchester sewage is very largely precipitated 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 


‘by the various chemicals in it before it gets to the works 
at all; as it comes down to the works you can see it all 
-flocculent in the sewer. 


4 
22948. Then Question 22772, tu what extent do you 
nass storm sewage through your tanks ?—Through the 
septic tanks ? 


22949. Yes ?—Well, I know that Mr. Wilkinson has 
‘worked that out very carefully, and it comes to a very 
high rate at the maximum; but it is only fair to state 
-that our works are not yet completed, and owing to 
the present arrangements we are bound to pass more 
through the septic tanks than I think is altogether de- 
-sirable because there is nowhere else to put it. It will 
run through probably in three or four hours ; but I know 
Mr. Wilkinson has gone into that carefully himself. 


22950. (Mr. Power.) What is the maximum flow through 
-a septic tank in time of storm you are proposing to allow 
~when you get your whole works completea ?—I should 
‘say six hours, roughly speaking. A 


22951. And at that stage you would turn the sewage 
into the settlemert tanks ?—As matter of fact it is 
going through every tank we can get hold of at the same 
time. 

22952. I mean when, under the completed process, 
‘the flow is more rapid than six hours; then you 
will turn your sewage into the settlement tanks ?— 
‘In practice it is impossible to make a distinction 
-of that sort, because a storm will come down 
-on you rapidly and the whole works begin to run 
at an increased pressure, and I know ‘of no method by 
which you ean say, “ Now we will pass so much through 
these tanks and then we will stop and go on with our 
settlement tanks,” when you really are faced with 
-® storm. 


22953. It is left to the judgment of the man on the 
-spot ?—It must be, I think. A great deal of manage- 
ment is required. In one or two of my answers to these 
questions I have indicated how we have endeavoured to 
cope with things when we have had to deal with a storm. 


22954. But you would prefer not to exceed a rate of six 
in the septic tank ?—I should prefer not to; of course, in 
practice what we should do, and what we do—as a matter 
-of fact, we pass it through the septic tanks until we have 
-got so many beds filling at once, and we give a general 
instruction that no more than a certain number of beds 
shall be filled at once ; that represents roughly a certain 
rate of flow; but, of course, sometimes you have, as 
‘I say, to take what comes; you cannot always stick to 
_-your general instructions ; but when we have got our com- 
pleted arrangements, that is what we shall endeavour 
-to do—not to exceed a certain number of bacteria beds 
filling at once; but then at the same time, of course, 
we are always passing some on to our storm beds. Jam 
afraid it is impossible to make actual distinctions for 
-the reason that I have put down—I have not got the 
questions just in front of me—but unfortunately w: 
have an enormous volume coming down all at once and 
-the whole of it is fairly strong. 


22955. It comes down to you at a’ very great rate 
-for a short time, you mean ?—Just so. 


22956. And you have to accommodate it somewhere ? 
—We have got to deal with it as best we can ; and prac- 
-tically what I have done on several occasions is this: I 
have by hook or by crook—if I may say so—coped 
-with the immense rush of the first few hours and then 
‘the whole of the sewers have got thoroughly cleansed and 
-the sewage is beginning to get dilute, for instance, if the 
storm has been going on all day, I have on more than one 
-occasion given instructions to shut down all the filter beds 
and to allow what comes after simply to stream through 
the sedimeatation tanks and not be filtered at all, because 
-although you send away a certain amount unfiltered in 
that way, and although you may be working for a short 
time your whole works at a rate which is far from any 
calculated rate that you may have originally intended, 
yet the ultimate result, I think, is for the best, because 
you purify to a greater or less extent the worst part cf 
‘the sewage and then you allow your beds a period of 
complete rest to get over the very hard work that they 
have had to do. 


22957. That is an important consideration qua the 
beds to give them the rest afterwards ?—On one or two 


occasions I believe that that has saved the situation. 
remember perhaps the worst experience that we had 
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course, as soon as the sun got up melted all at once, and 
the whole of it came down upon us, and we had to cope 
with it, because there is no outlet from our works ; it had 
to go through the tanks and there was no way of sending it 
away, and consequently the beds certainly had a very 
bad time, but towards the end of the day I gave instruc- 
tions ; I said, ‘‘ Now you must shut off all the beds and 
through the whole of the night allow the stuft to pass away 
simply with settlement,’? and in the morning, to my 
great relief I found the beds were in a very fair con- 
dition; but I think it was just that complete twelve 
hours’ rest which saved the situation. 


22958. In reply to Question 22747, you give a Table 
as to the results of quiescent settlement of dry weather 
sewage; have you any corresponding data for storm 
water sewage ?—Yes, I think you will find it; I do not 
know whether I have putitin here, but we made anumber 
of determinations with storms. 


22959. Two and a half hours settlement—tota)] sus- 
pended matter 4:2 ?—Yes. 


22960. Have you theught of quiescent tanks for 
storm water, suppose it was practicable to have them 
at Manchester ?—If it was practicable I am quite sure 
you would get better results ; still, | have a number of 
results for storm water amongst my notes, but I do not 
think that particular question was asked here. 


22961. Would there be advantage, do you think, 
in dealing with storm water by quiescent settlement 
similar to that shownin your Table to have been obtained 
with the dry weather sewage ; the Table shows an enor- 
mous reduction in two and a half hours?—Oh, that will be 
so ; well I can tell you at once from memory, because it 
was given in evidence I think before the Local Govern- 
ment Board ; we found that in half an hour, I think I 
am right, nearly 90 per cent. of the total suspended 
matters in storm water settled. Of course, they are 
of a very heavy nature, and they drop almost at once. 
We made a number of careful experiments on those lines 
in designing the storm water plant. That gave us con- 
fidence that a very quick passage through tanks would 
remove from storm water a very large proportion of the 
suspended solids, and that is no doubt the case. 


22962. The supernatant liquor from such quiescent tank 
cantaining storm-water would be chemically unobjection- 
able ; it might go straight into the stream without going 
through your storm bed ?—In many cases yes; only you 
will have this difficulty of the first flush ; as I think I have 
said in one of these answers, if you could get the whole 
of your storm at once to mixit in one huge tank to let it 
settle, then’what was sent away would be all right, but un- 
fortunately of course you cannot do that, and as a matter 
of practice you fiad that there is no relation in our—I 
am speaking carefully—thereisno relation in our experience 
between composition and volume. You may have your 
sewage, as I know, very carefully observed, the sewage may 
be running down to you beyond your six times increase 
of volume, and yet it will be foul sewage. 


22963. Strong sewage ?—Yes, because all the sewage 
in your sewers and all the deposit is swept up into a sort 
wave. 


22964. It comes in front of the other ?—It comes in 
front of the other. 


22965. (Chairman.) On Question 22777, at the end of 
your answer, you say the “operation need not be 
offensive, and the dried sludge can be sold to farmers, 
especially if mixed with lime.’? Well now, do you find 
that any particular precautions are necessary to prevent 
the process being offensive ?—Well, we find that the 
particular trouble that we had was with certain tanks 
which had been allowed to go on for a certain period 
without any of the sludge being taken out, whereas if 
you can take it out in small quantities at a time and take 
itout in such a way that you do not mix in a large 
amount of what you may call undigested sludge, that 
there is no trouble at all; because it was only with two 
tanks which were not designed as septic tanks—which 
were only ordinary settlement tanks, used temporarily 
as septic tanks—and that we got all the sludge, through 
some curious circumstance in the flow of the sewaye, 
heaped up at one end, and consequently we yot that 
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enormous mass of half digested sludge which had retained 
a lot of gas; as soon as it got a free vent all this gas 
came out, whereas with our ordinary septic tanks, which 
enable us to take it out in small proportion at a time, we 
have never had the same difficulty. 


22966. Then Question 22789, you say that ‘it is 
possible to remove the greater part of the visible 
suspended matter from the effluent before passing on 
to contact beds by covering a portion of the surface with 
a thin layer of fine material.’? Do you find that that has 
any tendency to check aeration ?—No, I cannot say that 
it does if it is kept clean, of course. We have experimented 
a good deal as to the best form of covering. If you cover 
the entire surface then you get a water-logged surface, 
but if you only cover a part, and if you keep that fairly 
constantly scraped and attended to, we have found no 
difficulties in that way. I have tried several experiments 
with beds covered partly in that way as regards the forma- 
tion of nitrates, and if anything we got rather more from 
them than from others. 


22967. Question 22790, in the matter of the treatment 
of the Withington sewage, do you think that there would 
be any objection to a closed septic tank there ?—I am 
doubtful whether it would greatly help matters, because, 
unless you have a tall shaft, you get the smell concen- 
trated at the exit; if you take it up in tho shaft then 
that attracts everybody’s attention to the place, and 
whether there is a smell or not I am afraid you very 
likely would have complaints. 


22968. Question 22792, may we take it that you 
think that a cubic yard of a contact bed, say 2 feet deep, 
is as efficient as a cubic yard of a bed which is, let us 
say, 4 feet ?—Unquestionably, taking always the same 
size of material. All these comparisons must be with 
the same size of material. 


22969. But the question of depth makes no difference ? 
—Within the limi's which I mention here. 


22970. Then Question 22797, does your answer imply 
that you know of any cases where it is desirable to put 
the crude sewage straight on to the bed ?7—Yes, I do as 
matter of fact. 


22971. You do ?—I have been consulted about cases 
where freedom from nuisance is absolutely essential, 
and where a nuisance was complained of (where I am 
bound to say, I personally should not have thought that 
anything was happening at all), but freedom trom nuisance 
was of the first importance, and in that case I know of 
no method of dealing with sludge to absolutely avoid 
nuisance other than the pure aerobic method. 


22972. In the next question you say that in certain 
cases a very short contact, say a quarter of an hour, is 
all that yourequire ; that you have found by experience ? 
—Oh, yes. 


22973. On Question 22819, you give us the results 
there of some experiments; did those experiments 
extend over a considerable time ?—Oh, yes, they are 
the average of a very large number of results. 


22974. They are ?—Yes, the first one, or rather the 
last, the 6 foot filter went for several years. 


22975. Then Question . 22827, as to the perco- 
lating filters: you say that your experience goes 
to show that aeration takes place from the top and not 
from the side. Have you made prolonged observations 
on that point ?—Well, what led me to that opinion.was 
really this, that with these filters which we had—I may 
say it was the Stoddart experimental filter—when it began 
one side of it was partly closed by a bank, and I had left 
it so on purpose for the reason that I thought that in 
a large installation the interior of your filter must neces- 
sarily bea long way from the outside air, and this was 
a filter perhaps as big as twice these two tables (indica- 
ting)and I got certain results and they were not very good, 
and the quality.of the results was put down to the fact 
that it was not open on all sides, so I had the bank dug 
away, I had the whole bed altered, and the bottom altered, 
and everything made exactly to specification ; [had hand 
picked material, and everything done that was possible, 
and it was left to the perfect satisfaction of the maker, 
end the results were absolutely identical. I continued 
to experiment in this way with seme large box filters— 
cubic yards—which I have been experimenting with. I 
started with only just a tap to deliver at the bottom 
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and got several results, and after they had been going 
for some time I bored holes all along the bottom; the 
results were not altered in the least, although there was 
a possibility of free RS ee of air throughout the filter. 
All these results have led me to think that the air is drawn » 
down through the filter ; and,moreover,in these box filters 
I have taken samples of air, and from the other filter I 
have taken samples of air from the interior of the filter, 
and I have always found ‘plenty of oxygen. In 
Question 22828 I give some analyses. 


22976. As regards that table you give us in reply to 
Question 22841, “ construction cost per acre yard ’’—I do 
not quite understand what that means ; does it mean an 
acre of 1 yard deep ?—Yes. 


22977. Well, then Question 22842, Ido not know 
whether we might ask you a very general question. Sup- 
posing that you had to treat the sewage of a water-closet 
town of about 20,000 inhabitants, in which the sewage 
was an average domestic sewage, what other method of 
treatment would you consider most economical, sup- 
posing the Local Government Board would allow you 
to adopt any method you please for some time to come ? 
—I think under those circumstances J should probably 
he inclined, in fact almost certainly, to adopt continous 
filters, but not necessarily sprinkling filters, because 
I think there are a number of objections to what are 
ordinarily known as sprinkling filters ; but as matter of 
fact, I may say that I have at the present time a small 
scheme, not of quite such a size as you mentioned, which 
is at present being considered by the Local Government 
Board, where I have suggested continous filters of this 
controlled type. There again I should hesitate to give 
an absolutely general reply, because a good deal depends 
on the amount of attention that you can be certain of, 
and the precise result that you wish to get. Each case 
even there, even apart from levels, I think must be con- 
sidered on its merits. There is no doubt of this, that 
apart from questions of econemy, my experience has 
shown that, with double contact properly carried out you 
are almost certain to get a good effluent; I know that, 
the Withington effluent, for instance, is one of the best 
on the watershed. . I know that the Burnley effluent has 
always been good, not even fair; and I know that our 
own experiments showed that we never got by any ex: 
ception a bad effluent feom double contact ; ‘and, therefore 
for absolute certainty I think that double contact is the 
thing to ke relied upon. (Qn the other hand, if you can 
be certain of some supervision, and if you are concerned 
tor economy in construction, apart from questions of 
pumping and levels, and so on, then possibly you may 
be wise to go in for a continuous filter. 


22978. (Sir William Ramsay.) Have you any views 
on tanks ?—In the same way would you submit a sewage 
to a particular tank treatment, chemical precipitation or 
subsidence ?—I should in most cases give it tank treat- 
ment; which might be described as a rapid septic treat 
ment, I should be very careful not to make my septic 
tanks too large ; and the line I am going on is to design 
them for a 40 gallcn per head flow and calculate the flow 
at 24 hours on a 40 gallon per head discharge ; if it is 
more than that then the flow through will be more rapid ; 
if it is less than that then it will stay in longer; of 
course, the sewage will be more concentrated. 


22979. But do you call a twenty-four hours rest in the 
tank a rapid septic action ?—Fairly so; I should be 
inclined to cut it down; that is the longest time that I 
should allow. 


22980. (Chairman.) In the following Question, 22843, 
Iam not quite sure whether you agree with the conclusion 
which seems to me to arise from your answer. It seems 
to me that the figures in the table you give gé to show 
that a unit of material in one form of filter has just the 
same purifying effect as a unit in the other ?—Within 
certain limits that is the conclusion I have come to. 


22981. That is your conclusion ’—I may elaborate it 
a little in this way, that speaking very generally, in the 
purification of sewage, I think of the two things, the 
nitrification of the ammonia and the gradual decomposition 
and the oxidation of the colloidal matter. Now, -in 
order to oxidise that colloidal matter it seems to me that 
it must be first retained on the surface of the medium, 
and there it is simply and solely a question of surface 
one way or the other. The oxidation of the ammonia 
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on the other hand, although it is partly also a question 
of absorption, yet it is more a question of direct 
oxidation to nitrates. Nitrification is simply nitrification 
of ammonia, the nitrifying organisms have been 
repeatedly proved to only nitrify ammonia; therefore, 
in so far as in a percolating filter you have the 
rapid passage of the ammonia in solution under good 
conditions where you get good aeration, you do, a3 a 
matter of fact, get better nitrification as a rule in these 
percolating filters; these results here and other experi- 
ments that I have made show that also, but the really 
difficult matters, the colloidal matters, are it seems to me 
oxidized just in the same way in the two filters. It is 
just a question of the surface area and the air supply. 
I might perhaps be allowed to say that I was talking to 
Dr. Calmette of Lille the other day, who has gone into 
this question, and his final conclusion was that there is 
no such thing as a continuous filter, and .there cannot 
be, because you cannot go on storing up this colloidal 
matter on your surface without allowing it an interval for 
complete aeration, for the oxidation to take place ; and 
therefore, in any form of continuous filtration you may 
go on for a period, but when that period has elapsed and 
you have got up to the maximum that your bed will 
store, then you get bad filtrates at once, and you are 
bound to have intermittence ; that is how I understood it. 


22982. (Colonel Harding.) On this point, the observa- 
tion of Dr. Calmette to which you refer surely must be 
wrong, is it not; he assumes there is a storage in the 
continuous filter of matter, and leaves out of consideration 
the fact that the matter comes out in the effluent ?—I 
think you will agree that there is a storage, Colonel 
Harding, for a time at any rate. The point is that what 
goes into the filter at one moment may take many hours, 
or possibly days, or even years, before it finally gets out, 


22983. That may be, but it does not necessarily follow 
that the action may not be continuous; one has heard 
of cases where it has gone on night and day for at least 
four years ?—Absolutely ? 


22984, Without any rest. or interruption except purely 
accidental, due to derangements of some of the machinery ? 
—Then, of course, to push the point a little further, even 
with the sprinkling filter—it is perhaps rather paradoxical 
—but a sprinkling filter is that of intermittent, inasmuch 
as you are not putting the sewage on the same spot all 
the time. 


22985. But that is a detail; it does not matter whether 
it is absolutely continuous or not; it is in effect continuous, 
there may be a certain intermittence in the upper layers 
of the filter, but there is an equalization lower down. But 
the point—Sir William Ramsay will excuse me inter- 
rupting his questions for a moment—the point raised 
seemed to be that the action of a percolating filter must 
necessarily at times be interrupted, in order to remove 
the accumulations of suspended matter within it ; is not 
that the suggestion of Dr. Calmette ?—That is what I 
gathered from what he said. 


22986. The experience that we have found in various 
places is this, that suspended matter comes continually 
out of the filter, by no means in exact proportion 
to what goes on at a slowrate of flow; there is some 
accumulation which may have, at certain times, to be 
washed out by a more rapid flow, but which naturally 
comes out at different seasons of the year owing to the 
action of certain organisms ?—But is that absolutely 
oxidised, that matter ; 
“matter is that comes out in that way, and how long has 
that been in forming? 


22987. It is very difficult to say, of course, how long 
it has been, but it is to a great extent oxidised ?—Of 
course, I have been so much struck of late by the results 
at Accrington ; when these filters first started there was 
only a very small amount of suspended matter coming out. 
Now, after five years, there is eleven grains per gallon of 
suspended solids, which are of sucha nature that they have 
to be precipitated by allumino ferric at the outlet of 
the filter. 


22988. I am anxious, of course, not to argue this point 
out, but so far as your own information goes with the 
small percolating filters that you yourself have tried, 
have you found absolute choking to arise if the material 
is fairly coarse ?—No, not choking. 
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22989. Then you have found sucporded matter come My. Gilbert J. 


through ?—With the coarse material, yes, quite so. 


Fowler, 


22990. Then surely the action may be continued baie ei 


indefinitely if there is no choking, if this comes through ?— 
But the whole point is, is it not, the kind of filtrate, and 
by that I include the character of the suspended matter 
which comes through. Ionly want to get at it in this way, 
to find out what actually is the nature of the suspended 
matter that comes through. I can conceive that at 
first it is very fairly oxidised, but that if you go on and 
on you may get a fair amount of nitrification still, but 
that there are subtle changes in the character of the 
suspended matter that comes out; I am only asking 
for information, I am not stating facts now. 


22991. That is not the point I wanted to get from you. 
What I wanted to get from you was whether in your 
own experience you found that if certain matters came 
out—I do not care what state they are in, whether fully 
or partially oxidised—it was possible to work a percolating 
filter for long periods without its getting absolutely 
choked ?—Oh, that I can say without any doubt as 
regards the chokage ; my thoughts were running on the 
character of the effluent. 


22992. Then did I misunderstand your approval of 
Dr. Calmette’s observation ?—No; I am rather inclined 
to approve it from the point of view of the precise ccm- 
position of what you get out of your filter including the 
suspended matter, if you want to get an absolutely 
thorough oxidation continuously. You can work your filter 
continuously merely as a mechanical operation, I have 
not any doubt; but what I understood from him, and 
where, I am bound to say, I rather agree—although this 
is one of the points on which I freely confess I have no 
accurate knowledge, it is one of the things I want to obtain 
more knowledge upon—but what my thoughts were 
turned to was this, that if you go on steadily in this way 
year after year that by degrees the suspended matter that 
you get out will not be so thoroughly harmless as it might 
have been at first, and that in order to continuously 
maintain a perfectly good effluent both as regards the 
matters in solution and the matters in suspension a certain 
amount of intermittence is necessary; that is how T 
understand Professor Calmette. 

22993. And that is what you agree with from your 
own observation ?—So far, although I must say that lam 
only learning ; I am really only trying to get information 
on that point, but I am not convinced at present that you 
can go on for ever. 

22994. (Sir William Ramsay.) In answer to Ques‘ion 
22803, I should like to ask if you know whether 
any experiments have ever been tried to find out the 
actual amount of oxygen which can be taken up by a 
unit area of a bed full of liquid, It would obviously be 
a very useful set of experiments to make but very difficult 
to carry out. You put in a certain amount of oxygen 
along with the water ?—Very little I do not attach 
much importance to the amount of oxygen which goes 
in with the water ; in fact I may say that with our septic 
tank effluent I should imagine it was negligible. 

22995. Then its first unit is only one : how much oxygen 
is taken up by that unit area ?—That is another question: 
that is a whole research in itself which I want time end 
opportunity to go into; at present I am bound tv Say 
I have not got either. 

22996. I was afraid you would say that. Then a little 
further down you say, “ The superfluous bacterial growth 3 
will during this time be rapidly consumed, and the capacity 
of the bed will greatly increase. These rests should 
not exceed a fortnight at most, as the bed then tends {o 
dry up and the activity of the organisms diminishes.” 
Again, I should like to ask is that a matter of observation 
or probability ?—Observation, to this extent, that if you 
wash out the material of the bed you get a brown humus- 
looking substance, which on rough drying is a quivering 
mass of jelly; if you allow it to go on oxidising in the 
air it breaks down, until it is simply granular earthy 
matter. Consequently it is obvious that that gelatinous 
material has oxidised; what I want to do when I have 
time and opportunity is to find out quantitatively how 
much of that is oxidised and what amount of carbonic 
acid is produced and nitrogen and so forth; that has 
never yet to my knowledge been done, and I am rather 
afraid that we shall find that the actual oxidation is less 
than is sometimes suppcsed. 
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22997. Yes, youlay stress upon making the upper part 
of the beds of finer material than the body of the bed. 
Is that intended to keep back the fibrous matter ?—The 
visible suspended matter. 


22998: The visible suspended matter which can be 
easily removed afterwards, if I remember rightly from 
looking at your beds ?—9Oh, yes. Now, there again you 
raise the economic question; I am not absolutely con- 
vinced in my own mind yet whether it would not be wiser 
to let the whole of that go on to the beds; save your 
constant charges of scraping on the top, and spend a little 
more in occasional washing. All these things are matters 
of cost which only years of experience can actually tell. 


22999. I suppose those top layers will contain nitrates 
in them, after being allowed to stand ?—Oh, yes. 


23000. To begin with they do not; they contain matter 
capable of giving nitrates but they do not themselves 
contain nitrates when they are removed ?—Yes, just so. 


23001. You scrape off the top layers which we have 
been talking about; these, of course, do not contain nitrates 
when they are fresh, but only after standing 7—Well, 
standing a few hours. 


23002. What do you mean by “very slowly,” the beds 
should be worked very slowly ; you are speaking of con- 
tact beds being started ; I should like you to give numeri- 
cal value to the words “ very slowly ” ?—I think, as I have 
stated somewhere else ‘‘ when we are beg: nning.” 


23003. That is what you refer to ?—Only filling three 
times a week. 


23004. (Mr. Power.) And on sustaining the contact ? 
—Yes just so. 


23005. (Sir William Ramsay.) I think it would be 
advisable if you would explain the meaning you attach 
to the word “streaming.” You use it, and I think we 
understand what it means—running through continuously? 
—Yes; our storm beds, I may explain in detail, are 
especially constructed to enable that to be done at the 
outlet ; we have the ordinary exit valve to drain the bed 
completely, and at right angles to that there is a bell- 
mouth. We can shut the exit valve, fill the bed, and let 
it pour out over that bell-mouth, and on occasion we stream 
the beds in that way, and of course when you have got a 
great deal of water down upon you. it saves labour. 


23006. We have had evidence to show that that sort of 
process destroys the bed on the one hand, and does not help 
the storm effluent on the other, but at Manchester you 
appear to have pretty good results ?—Because we do not 
let it go on beyond a certain amount; there will be suffi- 
cient stored nitrate in one of those beds to enable you to 
stream a very dilute effluent for a certain time; then 
you must stop, and you have to watch that to see just 
how long you can go on. If you go beyond that, immredi- 
ately you wi'l have anaérobic conditions probably. 


23007. It is a considerable time since we visited your 
works ; as far as | remember the streaming beds were 
separate from the filtration beds ?—That is so, yes. 


23008. Are they still separate ?—Oh, yes. 


23009. You do not use the streaming beds except dur- 
ing the storm overflow ?—That is all, and only at the end 
of the storm. I think in one of these answers I say « there 
are special instructions given, that at first they shall give 
full contact. if possible.” 


23010. Are they lying vacant, doing nothing 7—Yes. 


23011. (Mr. Power.) Do you not use them—give them 
a dose now and again ?—Yes, we fil them about once a 
day, because we have to bear this in mind, that there is 
no possibility of second contact there, therefore anything 
that goes into the canal has to be purified, and after one 
contact we do get, as a matter of fact, a very decent 
effluent. 


23012. (Sir William Ramsay.) So they are always 
kept in working order ?—That is so. 


23013. In answer to Question 22819, you give results to 
show that with the same liquid the purification increases 
directly with the fineness of the material; but would it 
not also increase with the time ?—I do not think so. 


23014. You do not think it matters at what rate the 
percolation takes place ; you are speaking of percolation 
filters 7—Of course, here the experiment was merely to 
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determine the effect of the material ; 
must keep all your other factors the same. 


23015. And that was done; the rate was the same ?7— 
The rate is given here, but you will find here, in the worst | 
case, we put on the least amount, so that we are really 
giving something in there. a 

23016. I am afraid I do not see where the rate is ?— 
The average amount dealt with per cubic yard. 


23017. Oh, I see, in the given time ?—Yes, put there; 
“per day’ I ought to have said; perhaps I had better 
put that now. 


23018. I think it would be better; the rate of passage 
indeed would be the best heading. In answer to Question 
22822, would you mind saying what experiments showed. 
you that the same results could be obtained from the two 
filters, one fed by an expensive distributor, the other by a. 
fine top layer; perhaps you would rather not mention 
the names ?—I do not think it is desirable to mention the 
name of the distributor, but at the same time the exper- 
ment was briefly this. I had two cubie yards of filtering 
material of exactly the same description, and fed, as I 
said before, with exactly the same effluent, a measured. 
quantity from the box above, and the whole of that 
effluent taken in a box below; and the only difference 
was that in the one case I just covered a_ portion of 
the surface, made a sort of little basin of fine material, 
and in the other case there was the distributor. I have 
had other cases which lead to the same conclusion, I 
may say. 

23019. Would it be possible for you to say something 
about the size of the material used in those percolating 
filters ?—It is given, I think, in the answer to Question 
22819, but. I can put it in again if you like. 


23020. Just the same? Yes, I see it is the same 7— 
The two were absolutely identical. Perhaps, as you 
have just got to that Question 22828, I see I have givenno 
answer to Question 22829 : ‘What do you consider is the 
most convenient superficial area for a percolating filter ?” — 
I think it would be possible to say that that area should 
be such a fraction of the total area that if it is thrown 
out of work it will not interfere with the general treatment. 
I have heard of cases where the whole of the sewage has 
been put on to one bed, and if anything goes wrong of 
course the whole work is stopped. 


23021. I do not know whether you know that Dr. 
McGowan has been carrying out some experiments with 


therefore you 





‘Ducat’s filter as regards aeration ?—I did not know that. 


23022. And he has found that when the sides are 
stopped up there is a very great difference in the amount. 
of oxidation which takes place. That looks as if the 
sides played a more important part than from one or 
two of the answers one would imagine ?—But is not the 
surface of the Ducat filter rather fine material, if I recol- 
lect aright ? 

23023. Yes, it is rather fine material ?—Just so. 

23024. It ponds, as a matter of fact, at the top ?— 
Well, that is what I was trying to arrive at. In our 
case you see you had no possibility of the air getting 
in by the side, so that I thought it came in from the top. 

23025. (Dr. McGowan.) So it does; that is our 
experience; it comes from the top downwards ?—Oh, 
yes. 

23026. The experiments are not concluded yet. You 
see that Ducat filter treats sewage containing about 20 
parts of suspeided solids per 100,000. It has been sug- 


‘gested by Mr. Fioris that whea the side pipes of the 


filter are closed, and 10 air can escape through them 
outwards, the passage of the solids through the filter is 
impeded and they therefore tend to settle. After the 
side pipes had been closed for a comparatively short time 
— some six Weeks—ponding took place over the surface 
of the fitter. The experiment is not concluded yet, but it 
looks to me as if that answer of yours on the question of 
side aeration might possibly have to be modified, taking 
the amount of the suspended solids as a factor ?—That 
is to say, if it cannot get in at the top it may get in by 
the sides. 

23027. (Sir William Ramsay.) Yes ?—I shall quite agree 
to that, but all that I meant by my answer was that if it 
has freedom it will naturally come in from the top, and 
the side aeration is of little importance. iad al 
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23028. A question arises from your answer to Question 
22840 ; is it conceivable that any disease could be propa- 
gated by those flies ?—Well, I am not competent to give 
medical evidence. 


23029. I admi‘ that, but nothing of that kind has ever 
come your way, has it—with, for instance, people who live 
on the sewage farm ?—No, we have no flies. Well, I do 
not know whether I have not heard of it, but still the 
general trend—speaking simply as a layman in this 
respect—the general trend of research surely is to point to 
fiies being a very serious cause of transmission of disease. 

23030. It occurred to me it might be serious ?—I am 
bound to admit that the flies which I saw on the percola- 
ting filters in Berlin were extremely unpleasant. 


23031. Dr. MeGowan wants me to ask you about your 
answer to Question 22851. Why do you mix the volume in 
the sample with nine volumes of aerated tap water; why 
nine in particular ?—Originally it was done in order to 
compare our results with those in the Mersey and Irwell 
Joint Committee’s laboratory, and also to ensure that we 
had a good access of oxygen, enough to oxidise everything. 


23032. As regards standards you say you do not think 
that one standard should be adopted for all non-potable 
streams. Of course you would guard that again by saying 
it depends upon the size of the stream, the nature of the 
effluent, and the rate of the stream ?—Crowds of things. 


23033. Whether fish are required to live in the stream, | 


and so on ?—Yes. 


23034. Is there any way you could suggest how this diffi- 
culty could be got over. © Of course there is the Mersey and 
Irwell standard, which is a very lax one, but one fee's 
that in very many cases it is not nearly tight enough; 
it might be made very much better—more stringent ?— 
I am afraid the Lancashire people would not like to hear 
that. 


23035. But for potable waters you would grant that it 
is too lax ?—For potable waters I would not allow, surely. 


23036. If fish are allowed to live in the stream again ? 
» There it would depend solely on the size of the stream. 


23037. IT fancy you would agree with this view—that if 
some sort of regulations were made like those which the 
Alkali Act prescribes, a great deal of latitude being given 
to the inspectors, and some standard laid down, a very 
lax one, the proviso being that the inspectors should 
receive instructions to try to tighten, to make the standard 
more stringent, that their common sense could be trusted 
gradually to bring about an improvement. You know 
the recommendation in one of the former reports has 
been that there should be a central board, that there 
should be also a number of rivers boards; these rivers 
boards will be furnished with inspectors; should they be 
given some power like the inspectors under the Alkali Acts 
have, by which they could gradually increase the sti ingency 
without interfering with the liberties of the manufacturers 
or of the towns in disposing of their sewage ?—I think 
that is a very reasonable suggestion; in fact, I have 
rather hinted at something of the kind, I think, before. 
I think we had some question of that the last time I 
was before the Commission, and in one of my answers of 
Question 22858, I have gone into that question a little, 
and I certainly think that standards should be more for 
the purposes of comparison, and for encouraging emu- 
lation amongst authorities than as instruments of rigid 
contro]. That is briefly niy position on the question of 
standards. 


23038. Just one other question : Do you think the same 
inspectors could deal with the question of water supply 7 
—I think so. I might, perhaps, be allowed to say that I 
have recently been to the Government experimental 
station in Berlin. I think I have mentioned that. ‘ My 
recent visit to the Government exp21imental station at 
Berlin has impressed me afresh with the great importance 
of the formation of a central authority.? I may say, 
although I dare say I am not giving any news to the 
Commission in this respect, that both my companion and 
I were very much impressed by the work that they are 
doing over there. There were some fifty members on 
the staff; enzginers, chemists, biologists, bacteriologists, 
every kind of profession which could in any way help 
in matters of sewage and water supply—the two are taken 
together—and practically no town in Germany now is 
encouraged to enter into expensive works for sewage 
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treatment until they have had a thorough report by the 
officers of this Government station. We went to Cassel 
in order to inquire into the fat extraction process there, 
and we found that an official from the Berlin station was 
going down that day to thoroughly examine into it, 
and give a final report on the question, and until he had 
done so, no definite steps would be taken by the town, 
or anyone concerned. In that way the town have an 
opportunity of the very best advice possible on every 
question; at the same time they can themselves help in 
all the preliminary inquiries. That has been done in 
several cases. In the case of the town of Hanau the 
question arose as to whether sewage should be allowed 
into the river after the adoption of water-closets, and a 
large amount of evidence was collected by the officials 
of the town, and supplemented by a final report from 
Berlin, and that is the way the matter is being dealt 
with throughout Prussia, at any rate. 


23039. The Berlin office I presume is a Government 
office ?—A Government office. 

23040. Not a municipal one in any sense ?—No. 

23041. (Colonel Harding). Dr. Fowler has answered 
his quesiions so fully that it is only on one or two points 
that I want to ask a few questions. On the question 
of volume of sewage at Manchester, I notice you say the 
maximum amount—reaching the works—in twenty-four 
hours, is 163,000,000 gallons ?—Yes. 

23042. That is really about six times the dry-weather 
flow, quite roughly ?—Yes, six times the actual dry- 
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weather flow ; more than six times what I call the strict - 


dry-weather flow. i 


23043. But roughly, six times. Now, may one take it 
that that is the capacity of your mains ?—Oh, we can 
get more than that down, because if you look at the next 
question, I think, or the question just above, the maxi- 
mum rate was 220,000,000. 


23044. For a short time ?—For a short time, and if 
that went on all day you see we could get on still more. 


23045. Then probably that is what may come up to 
the point of the overflows ?—Yes. 


23046. You tell us that the total amount that has 
come to the works in a year is 12,000,000,000 gallons ?— 
Yes. ; 


23047. And that is about forty per cent. more than 
the total volume of the dry-weather flow for the year ?7— 
Yes. 

23048. I find that your dry-weather flow figure, reckoned 
out for the year, works out at about 9,500,000,C00 gallons? 
— Yes. 


23049. So that the thirteen would be nearly half as 
much more ?—Yes, that is what I have taken. 


23050. I note those figures with some interest, because 
I want to get at this. If an authority deals with six 
times its dry-weather flow, what may that he taken to 
represent in volume compared to the dry-weather flow 
volume alone. For instance, if the total dry-weather 
flow for the year be 100, what does it mean to treat six 
volumes ; does it mean treating 150 ?—I have always 
taken it as meaning that; in roughly calculating out 
what an authority would have.to deal with, I have always 
taken their dry-weather flow and added fifty per cent: 
more for storm water. 


23051. That is the point I wanted to get at; I wantcd 
to know what in your opinion that volume would be. It 
is exceedingly dificult to get the information which cou'd 
I suppose, be got by a careful examination of the rain 
records and so on ?—It would, of course, always vary 
according to the inclination of the sewers, and so on; 
but speaking very generally, and with my experience, 
from what I know of Withington sewage and other ple ces 
that I have watched, I think it is a safe thing to say that 
if you take the six-times limit you will get 50 per cent. 
more to deal with. 


23052. That was the point upon which I wanted to get 
your opinion ?—I can say that with some confidence. 


23053. To what extent may the water supply of a town 


be taken as the measure of the volume of sewage ?7—][ © 


think itis a very good measure provided that you also take 
into account any other sourcesin the way of wells, and so 
on, which may exist—large breweries, for instance, often 
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have their own wells. That is manifestly the volume of 
sewage ; anything beyond that, any question of subsoil 
water, is dilution. 


23054. I am rather struck with the difference of Man- 
chester; I notice that the gallons per head of sewage, 
reckoned on your population, was forty-six; taking 
your dry-weather flow and dividing it by the population, 
it gives you forty-six gallons a head of sewage ?—Yes. 


23055. And that your water supply, including what is 
used for trade purposes, is only twenty-nine ?—Yes, 
the balance is subsoil. 


23056. Would it be so much as the difference between 
forty-six and twenty-nine ?—There is this average of 
6,000,000, yousee, on a strict dry-weather flow of twenty- 
one. 


23057. In many cases I have found that the water 
supply is a rough measure of the amount of sewage pro- 
duced, but I am rather struck with the difference at 
Manchester—forty-six to twenty-nine ?—There is a 
great difference, and we went into that question very 
carefully ; General Carey knows the detail of that very 
well. That was the basis upon which our scheme was 
devised. We took, if you will remember, General Carey, 
for Manchester the dry-weather flow as calculated by the 
water supply ; we added a certain percentage for private 
sources and so on, and we took our six times as six times 
that ; we left out of account, you remember, the 6,000,000 
gallons of subsoil water. 


23058. (Major-General Carey.) Quite so. On _ that 
point perhaps I might ask Dr. Fowler as to the total dry 
weather flow, how it is made up; the dry-weather flow 
on the water supply proper comes to about 9,200,000 
gallons at sixteen gallons a head ?—Pardon me, the 
water supply is more than that; do you mean leaving 
out of account trade waste ? 


23059. If you take your answer to Question 22714, your 
water supply totals up to twenty-nine gallons ?—Twenty- 
nine gallons. 


23060. That is at sixtecn gallons a head for the domestic 
supply ?—Yes. 


23061. That works out to 9,200,000 ?—Just so. 


23062. In addition to that you have 7,475,000 of trade 
water 7—Yes. E 


23063. That totals ap to 16,675,000 ?—Yes. 


23064. And if you add to that 6,000,000 of subsoil of 
water it makes 22,675,000 ; there is a certain difference 
between that total and your total dry-weather flow of 
25,000,000 ?—There is the difference between twenty- 
two and twenty-five. 


23065. And twenty-five, yes ?—We took as the strict 
basis 21,000,000, and that included extraneous water cf 
various sorts, from wells and suchlike. 


23066. Just so; that is exactly what I wanted to 
kpow—— 


23067. (Colonel Harding.) And you think that is the 
explanation of the great discrepancy between the two 
sets of figures ?—Oh I do, undoubtedly. 


23068. That in Manchester there is much independent 
water supply ?—I know of certain breweries which have 
their own wells. 


23069. You really think that it is of sufficient impor- 
tance to account for the great discrepancy between the 
two sets of figures ?—I know of no other way of account- 
ing for it; of course this figure of 6,000,000, is, after all, 
an approximation. 


23070. (Major-General Carey.) It may be an under- 
estimate 7—It may- be an under-estimate, and it is an 
estimate, moreover, which I think one of the answers 
shows varies at difierent periods of the year In a rainy 
period you will-have much more subsoil water than at 
another period, and it will continue after a period of 
rain for a long time; there are certain parts of Manchester 
I know which are simply full of subsoil water; the drains 
are laid near canals and so forth. 


23071. (Colonel Harding.) Proceeding then with the 
question of dealing with a certaim number of dilutions 
of storm water, we are much interested in your evidence 
because you have had opportunities at Manchester ot 
trying actual experiments upon storm beds concerning 


easy ?—QOh yes. 


OF EVIDENCE : 


which you have given us valuable information. Do yor 

say that those beds act very much like the sand beds at ’ 
Watermouth and Bath. I suppose you mean to convey 

to us that you think their action is more mechanical than. 

chemical, unless yeu except the storage of nitrate during 

the times of rest ?—Yes, I think I would say so. What: 
was in my mind was that the fine material acts mechani- 

cally in retaining the fine particles. 


23072. Just as sand filters do for waterworks ?7—Yes,. 
precisely ; it is really a coarse waterworks filter; and ~ 
we find further, as I have stated in one of these answers, 
that you get your best results when the whole surface is 
covered. If the bed is very loose, and the water drops: 
immediately into the under-drains and fills up, you do - 
not get such a good filtrate. 


23073. In streaming through such a filter, you are 
getting results which are largely mechanical results 7— 
Largely so. 


23074. But the chemical results are due almost en- 
tirely, are they not, to the nitrates which may have beer 
stored in the filter during times of rest ?—To be sure, 
and that has always been the principle upon which I 
looked forward to dealing with storm water, because FE 
foresaw that it was impossible to make your works of 
such a size that from the mere point of view of engineering: 
you could deal with it; but if you had a certain area 
which was in a high state of efficiency owing to the long 
rest periods, then for a short time that area would be | 
able to cope relatively with more than it otherwise would. 


23075. Let me put it in this way. Were those storm 
filters used as streaming filters continuously, it is quite 
evident their action would be merely mechanical ?— 
That undoubtedly would be so. 

23076. And it is merely the intermittence of their 
action which allows of the storage of nitrates which 
makes their action somewhat chemical, the action being 
mainly mechanical ?—Yes. 


23077. It would not be possible on such storm filters 
to deal with storm waters which had not been previously 
settled ?—I do not think so. I feel that; I think I can 
answer that pretty directly; I do not think you can— 
not satisfactorily. 


23078. Can you pass crude storm waters on to 
such a storm bed as you have at Manchester ?— 
Not satisfactorily. As a matter of fact I have had 
rather an interesting experience on that very point 
at Withington, where no tankage was allowed, 
and I found we were having such a struggle in getting: 
deposits off the top of the beds, and we got rather foul 
effluents, that I have converted some old experimentak 
contact beds into settling tanks, and ws pass the 
sewage through these before it gets on to those beds. L 
think as a matter simply of practical politics some amount. 
of settlement at any rate should be resorted to—for this: 
reason: that if you have your storm beds of very coarse 
material, you will get practically no result; the swage 
will simply stream through and come out at the bottom. 
very much as it went on. If, on the other hand, you 
have them fine enough to get a result, then, unless yow 
have settling tanks, you will block the surface with the 
first rush of stuff you put on. 


23079. You have made that quite clear; to get uw 
storm filter to be effective it must be fine, and if it is fine 
you must previously settle a large part of the suspended 
matter ?—That is certainly my opinion. 

23080. Are you able to tell us from memory, or by any 
figures before you, what is on the average the amount of 
suspended matter which you are able to se‘ tle off by those 
storm filters ?—I do not know that I can speak more than 
from my general knowledge, but I should think we have 
sent, without doing any damage, at times, effluents. 
containing as much as probably 12 or perhaps 20 parts. 


23081. As a maximum ?—As a maximum; I do not: 
think more than that. 


23082. But you would prefer the 12 to the 20 ?— 
Certainly, you may put it in this way, you have a big storm. 
rush with perhaps 100 grains per gallon rushing through. 
your settlement tanks and you will get out 80 per cent ; — 
that gives you your 20 grains. 


23083. If it were possible to much more completely 
clarify storm waters the filtration would become quite 
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23084. Hither through contact or percolation beds ?— 
Yes; the more you spend on tanks the easier is your 
subsequent treatment. I think perhaps before leaving 
that point I should like to say that one trouble that we 
have with these beds, and in fact with our beds generally, 
is that of grease, beause in all works there is a considerable 
amount of grease, and a rush of sewage often brings this 
past the skimming boards and on to your beds and it is 
more the grease contained in the suspended matter, 
and the grease actually floating on the surface, that 
is apt to clog the bed than the actual granular 
suspended matter. We are taking steps now, in fact 
that is the reason of my recent visit to Germany, to find 
out the best way of coping with this difficulty. 


23085. To pass on to the question of septic tanks, I am 
interested to see that you are firmly of opinion that it is 
‘advisable to frequently remove a small quantity of sludge 
from septic tanks with the idea of maintaining something 
like constant capacity in septic tanks. You said some- 
thing about the necessity of working septic tanks 
in a series so that there should be a first and last com- 
partment besides the main central compartment ?—Yes. 


23086. And if I remember rightly, in some former 
evidence you gave before us, you said that the object 
of having this last compartment was by the frequent 
removal of the sludge formed in it to be able to reduce 
the amount of suspended matter coming away with the 
effluent ?7—Yes. 


23087. Will you tell us how far your experiments 
have justified your hopes in that direction ?—We have 
had a long experience in trying to solve that difficulty 
and I think at last we are enabled to do so, because I 
have found, as a general thing without any doubt, that 
the quantity of suspended matter which passes away 
is chiefly dependent on the quantity of sludge in the 
tank ; that if you keep your sludge down at the exit, 
to a certain minimum depth then you will not get any 
very large amount of suspended matter going over. You 
can always keep it to the economic limit of eight grains, bat 
in order to keep your sludge down to that limit, you have 
to frequently take out a small amount, and we have 
found it is quite easy to take it out from the inlet end 
by having a submerged wall provided with penstocks 
from which the sludge can be forced by the pressure of 
the water. The difficulty was at the far end, but after 
trials of numerous methods, we seem to be at any rate 
on the point of success. I do not like to speak too con- 
fidently. but so far as we have gone, the thing seems to 
work by having a series of manholes built on to the 
bottom of the tank, and provided with radiating 
arms which cover a large surface of the tank underneath 
the sludge, and by opening one of these arms after another, 
the pressure of the water forces the sludge through and 
back down the pipe, and we find we have got a very large 
amount of sludge in that way in that very simple manner. 
Of course this is Mr. Wilkinson’s device, he will be able 
to tell you a little more about it, but I have seen a design 
in his office for making these manholes very neatly and 
simply so that they do not take up much space in the 
tank, by making them practically all of iron with just 
a sufficient base to be attached to these distributing 
tubes. In that way you get the advantage of the 
circular tank which is used in order to drive the sludge 
out from the bottom without the disadvantage that in 
such a form of tank you get both digested and undigested 
sludge coming out at once; here in a rectangular tank 
you get the two things separate. 


23088. (Mr. Power.) You get the bottom layer throv gh- 
out 7—You get the far end and the near end. 


23089. (Colonel Harding.) I was anxious to get your 
view upon that point because you agree with me that 
the reduction of suspended matter in a septic tank effluent 
is the great problem we have to solve if purification 
of the septic tank effluent is to be effectively carried out. 
What the economic limit would be would depend, I take 

‘it, on your different works. If you have a very small 

area for filters then you will have to go further in 
reducing the amount of suspended matter that you 
allow to go on to them ?—I think I have said that in 
my evidence in comparing Manchester and Salford. 


23090. You have shown at Manchester that you are 
able to deal with a certain quantity of suspended matter, 
I think about eleven grains per gallon is it not ?—Well, 
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23091. You are able to deal with that practically * 
on the Manchester filters, it is kept mainly on the surface » 
there is no doubt some digestion of the matter and what 
remains there in a condition of humus is scraped off ?— 
To a large extent. You see anything that is on the 
surface is dried and practically all the labour consists in 
removing it. 


* 23092. So that there can be no direct answer to the 
question what is best to be done in regard to the extent 
to which you should separate out suspended matter. It 
must be dependent on local circumstances to a very 
great extent indeed ?—I think so. 


23093. In some cases it may be better to settle almost 
everything out of the sewage and filter clarified sewage ; 
in other cases where the disposal of sludge is extremely 
difficult, then you must settle less and deal with more 
upon the filters ?—That is my point exactly. 


23094. I was interested with your suggestion that 
there may be cases where it is better not to settle at all, 
but to endeavour to deal with all the suspended matter in 
sewage aerobically ?—I feel certain that that is the case. 
Of course you are yourself well aware of the Leeds experi- 
ments which I think were most interesting. 


23095. At Leeds the experiment was carried out on 
percolating beds, and certainlyif that should prove to be 
practicable, it would be a method of treatment least 
likely to give rise to nuisance ?—I think it is an excellent 
method. 


23096. My object in just referring to it was to ask you 
how far you thought it was possible to carry out a process 
of that kind on contact beds ?—I am hoping to have 
more information on that point before so very long. L 
feel confident from what I have seen at other places, 
for instance at Hampton, that the thing can be done, 
because it is all a question of the cost of cleaning up 
material, and that has been proved to be capable of 
being done at a very reasonable cost. But of course a 
method has been suggested recently, as you are probably 
aware, by Mr. Dibdin, of using more expensive material, 
of using slates in fact, slate chippings which will enable 
this stuff to be flushed out in situ. I am bound to say 
I am rather interested in that suggestion, and I hope to- 
have some experimental knowledge of it before so very 
long. 

23097. There is a slate filter on trial at the present 
moment at Leeds; I do not know whether you have 
seen it ?—I saw it, but it was being tried as a continuous 
filter, and for that purpose I do not think it is well suited. 


23098. It is most ineffective for the purpose, but it 
has since been changed into a contact filter and in re- 
arranging the material it was found that all the lower 
portions of the slate were broken up, and that that kind 
of slate at least is unable to bear the weight except at a 
very shallow depth of material. 


23099. (Sir William Ramsay.) There were regular slabs 
of slate built all together ?—That is how the thing is 
designed. J think that something more might be done 
in the was in which it is put, in fact in some correspondence 
I think I suggested that by modifying, by carefully 


arranging the slates, you could get it, that by simply 


opening a small portion of the filter you could expose the 
whole of the material and sluice it all down if necessary ; 
but I hope to be able to try the thing in a small way at 
Withington, where we are faced with the sludge difficulty 
in a much more serious form. 

23100. (Colonel Harding.) The suggestion that it may 
be possible to deal upon filters, contact or percolating, 
with screened crude sewage, is one of very much interest, 
ara I think well worth investigation. You have re- 
ferred to the possibility of the use of slates which will 
enable such a contact bed to be washed out ?—That is so, 

23101. It may interest you to know that at Leeds we 
have suggested spherical material of hard burnt brick, 
and that there they are just now trying an experiment 
with such material ; and the special feature of the material 
is that all the air spaces would be alike ?—To be sure. 

23102. And that it would probably be quite possible te 
wash out a contact bed so constructed 7?—I saw the 
material when I was over in Leeds; I think it is a very 
good idea. 
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23102. In the first instance the idea th-re was to use 
it tor perevlating filtracion, for wuich it would be very 
suitable, but what you have said jnst now leads me te 
point out that it might enable a contact filter to be 
cleared of matter which had been changed, oxidised to 
the condi.icn of humus ?--Yes. 


23104. And it would be important,would it not, to note 
the difference between material which is passed through 
a filter like that and settled afterwards and material 
which is seitled before filtration ?—Certainly; it is just 
on that question that I feel very strongly we ail want 
to know a great deal more. 

23105. We shall want settlement some time ?—Cer- 
tainly. 

23106. But the suggestion of treating crude sewage 
on filters is interesting, because the settlement afterwards 
will mean the settlement practically of oxidysed matter ? 
—I hope so. 


23107 Your experience with contact beds at Man- 
chester of course has now extended over some time 
and is undoubtedly on a large scale, and we are very anxious 
to get certain information from you. I have not gathered 
from what you have said in your answers to the ques- 
tions, that you have yet reached the necessity at Man- 
chester in connection with your large beds—either to 
change the material or wash the material ?—No; 
there is perhaps one bed which we are at present a little 
anxious about; it is in its 5th year. My estimates 
were founded on five years life. Only this morning 
I got from my assistant the capacity measurements of the 
bed la, to which reference has been made before, and 
it still shows a very good figure. That is the oldest bed 
we have got. — 


23108. These are the practical points upon which 
I want you to be good enough to give us your opinion 
from your large experience at Manchester. How far is it 
prasticable and economical to reduce the capacity of a 
contact bed. Clearly a contact bed will go on passing 
sewage in reducing quantities until at last you reach 
minute quantities ?—Oh yes. 

23109. And that will last a great many years, 
but what is the economical limit, I mean the proportion of 
capacity to which you think that contact beds may be 
reduced ?—I think that one might put it perhaps in this 
way that the capacity should not be so reduced that the 
whole volume of the sewage cannot be dealt with in a 
reasonable way. Manifestly when the bed is new, in 
order to cope with the whole of your sewage, you will have 
to fill it perhaps once or at most twice a day; as time goes 
on, you will find the labour of opening and shutting your 
sluices inereasing. 

23110. Then in laying down an installation, the area 
must not be calculated upon what will be first passed ? 
—Oh no, no. 


23111. You must consider what will be passed when the 
beds have been working a considerable period ?—Your 
calculation should be based on what is practical to be 
done in the number of fillings per day when your bed 
has reached its ultimate capacity. 


23112. You have said quite properly when you reach 
the point that you have not contact beds enough to deal 
with your sewage, you must then increase their capacity 
by washing them out or by introducing new materials ?— 
Certainly. 


23113. In laying out a scheme, what do you think is 
the reduction of capacity which is economically and 
practically to be looked forward to ?—I think you may 
look forward to a capacity of somewhere between 17 
and 20 per cent. 


23114. Of what ?—Of the empty tank capacity. I may 
put it in this way. I have often made the calculation 
in my own mind; from our experimental beds we 
found that these experimental beds went on for so 
many years, the A.B.C. beds got almost constant 
for several years at 18 or 20 per cent., and that meant 
to something like 200,000—I am speaking from memory—- 
I think it was 200,000 gallons per filling per acre, 20 per 
cent., 150,000 1s one-third; 150,000 gallons is the oné- 
third capacity of a half acre bed, that is to say one filling 
per acre at one-third capacity is 300,000 gallons. That 
is to say, in order to cope with half a million gallons per 


> 
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acre, which is what the works were designed to do on 
the whole, you would have to fill that bed once and a half 
per day. Now, when you get down to 20 per cent. your. . 
filling per acre will be 200,000 gallons, therefore you will : 
have to fill it on the average two and a half times per day 
and that is quite practicable. That is the average you see. | 
In time of storm, you will have to fill it twice as often per- 
haps, that is to say about five times per day. Now five 
times per day is the limit that we have told our workmen 
they are not to go beyond; they are not under any 
circumstances to fill those beds more than five times 
per day. If the capacity I might say gets down to such 
a point as in order to cope with the flow you must fill 
your bed more than five times per day, then the time 
has come to do something to that bed, because more than 
five fillings per day will not give you adequate aeration. 
I do not know if I have made myself clear ? 

23115. I am very anxious to condense the interesting 
information which you have given us if possible. Your 
original water capacity at Manchester would probably be 


. about 45 per cent. of the cubic capacity of the tank ?— 


That is about it. 


23116. Then down to what figure do you consider it 
is practicable to reduce that capacity; down to the 
figure 20 ?—Down to 20 certainly. 


23117. Putting it in that way I shall be expressing 
your views ?—Oh yes; 20 is quite practicable. 

23118. We have reached that. Now I want to know, 
from the experience you have already attained at Man- 
chester, how many years do you think it would be possible, 
in your conditions at Manchester, to work the contact beds 
before you reach the limit to which you have just referred ? 
—We have worked them as matter of fact well into the 
fifth year. How long more will they go is a matter cf 
experience. I should say they will go one, possibly two, 
years more with care, but our oldest bed is in its fifth 
year. We have had an experimental bed going six 
years at an average rate of half a million gallons all the 
time, and I made my estimates for renewal on a basis of 
five years. 


23119. The actual life of the beds, as tested by practice, 
is evidently a little greater than what you had anticipated ? 
—Yer. 

23120. And when the time comes, you do not consider 
that the cost of washing them out will be prohibitive ?— 
No. 


23121. I notice in your answers you quote the cost at 
Burnley ?—Yes. 


23122. You do not express any opinion I think as to 
whether you think that cost is one which is likely to be 
exceeded or otherwise at Manchester ?—I do not see 
how it can be, because we can do it certainly more cheaply 
than they can by doing it on a bigger scale. Of course I 
have gone very carefully into that question. I may say 
J have got an estimate for doing the whole lot by contract 
for ls. 6d. In making my estimate of the probable cost, 
I put it down at 2s. per yard, so as to be perfectly safe, 
and it was still financially possible. 


23123. That opinion of course is a very important one. 
It is necessary to remember that the cost of Is. per 
cubic yard is not the whole cost, because there is involved, 
is there not, some washing away for the broken down 
material, therefore there will have to be an addition of 
new material to make up for that ?—That is so to some 
extent. In my estimates I may say that I calculated 
that in, so that, as I say, I have not based my estimates 
on ls. a yard in giving them to my Committee. 


23124, But you have taken into account that some 
of that material will be washed away and is undesirable 
to be put back at all, and that you will have to make up 
with new material 7—To this extent; but you have also 
to remember this, that a good deal of that broken down 
material can probably ke used in other ways; not the 
very finest, but for instance, we are at present con- 
templating the construction of a number of second contact 
beds, and the material which is still sizeable, if one might 
say, which is not simply slurry, would make excellent 
material for these second contact beds, and therefore to 
that extent is an asset. And that is how they are doing also, 
of course, at Burnley. And apart from that the material 
which we put back in the primary bed occupies almost 
the same space as the material we took out, because it 
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is so much looser to. begin with. I have made special 
experiments on that line, and I find that although we 
have a loss in weight the stuff occupies very nearly the 
same space. 


23125. The practical point I wanted your opinion 
upon, was whether you consider it economically practicable 
to wash beds, and I gather that you do ?—I do. 


23126. And you think that the length of life of a 
contact bed, working on the conditions of Manchester, 
will be sufficiently long to permit the using of coutact 
beds economically ?—I may say I am sure of it. 


23127. Of course their life would be lengthenea by 
more thorough sedimentation, but in your case you con- 
sider it is economically better to deal with part of the 
suspended matter on the contact beds themselves ?— 
I think so. That is a point upon which I am at present 
not certain as to how far the mere removal of the sus- 
pended matter to a greater extent would, in our case at 
any rate, so greatly increase the life of the bed, because, 
amongst + arious causes which produce the loss of capacity, 
the suspended matter is only one, and that not in my view 
altogether the most important. 


23128. No doubt you are quite right that there are 
other causes at work, such as disintegration and con- 
solidation ?—Exactly. 


23129. There is a point in connection with sludge upon 
which I should like to have your opinion. You have 
said that, in your case, the farmers will take the sludge 
in small quantities? —In small quantities at certain times 
of the year. 


23130. As a fact it is not necessary for you to press 
it on the farmers, because you are ab‘e to send it to 
sea ?—Yes. 


23131. You have the good fortune there to have an 
issue out of all your difficulties ?—I may say that at this 
present moment I am advising a return to pressing as 
regards part of the sludge, for this reason, that although 
we are producing less sludge, our costs are not reduced 
in proportion, and in that way we do not get the advantage 
which we should get of the use of our beds as to some 
extent sludge destroyers, and, in order to get that ad- 
vantage, we have entered into an agreement with Salford 
to remove their sludge as well and lay up their steamer. 
With only one steamer we cannot entirely cope with the 
whole of the sludge, but by pressing a certain proportion 
of ours and taking the rest to sea, we then bring our 
sludge cost more in proportion to our actual sludge 
production. 


23132. I hope you will be successful in reducing the 
cost. But the point that I wanted to get information 
upon was in relation to authorities that are not able to 
send their sludge to sea at all. If the sludge does not 
commend itself to the farmers of the neighbourhood, 
and if they cannot send it to sea, what other methods 
are there of disposing of the sludge? One method has 
been suggested to us, and it is that particular method 
that I want your opinion upon. Is it practicable to burn 
sludge cake without producing a nuisance and within 
reasonable limits of cost. Have you any experience ? 
—Well, we have tried to burn a little in our destructor, 
with no very great success I am bound to admit, and 
of course I am familiar with other places which have 
tried it. There is great danger of a lot of dust difficulties 
and cost of various sorts. You can get evidence of course 
on that particular point from others better than from 
me. For instance, at the Bolton works they can tell you 
a good deal upon that point. 


23133. I think it was from Burnley that evidence 
was given to us that sludge was burned ?—At Burnley they 
send it away. 


23134. Huddersfield ?—At Huddersfield 


have 
done a good deal. 


they 


23135. And we were told that there was no nuisance 
from it. Shall I be right in taking the amount of water 
in cake at about 50 per cent. ?—Yes, that is about right. 

23136. And it costs a good deal to evaporate that ?7— 
Yes; and then you have a great deal of mineral 
residue. 

23137. I do not press you on the question of percolating 
filters at Manchester, because you tell us that your 
experieice at Manchester has been limited to certain 
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experimental beds, and that you have not carried out 
works on a large scale ?—No. 


23138. And in reference to other places, that you pro. 
bably got the evidence direct from them ?—Certainly. 


23139. About trade effluents; something was said to 
you by Sir William Ramsay about the amount of iron 
liquor. I was rather surprised to find that in the classitied 
list you gave us I did not find iron liquor occupying a 
separate place; is it included in one of the others ?7— 
I think it is there, is it not. 


23140. Is it included under galvanising ?—Yes, that 
is the iron liquor from galvanising ; it is included under 
that. 


23141. That would be. ferrous sulphates and ferrous 
chlorides ?—Mostly ferrous chlorides ; or almost entirely. 
They treat the iron wire; it is mostly from wire works, 
galvanised iron wire; they treat it with hydrochloric 
acid. ; 


23142. Briefly, in regard to trade effluents, what you 
find is that although certain trade effluents delay the 
maturing of your filters and take up oxygen which other- 
wise would be useful in oxydising organic matter, you 
have no great trouble if the flow is a regular one spread 
over twenty-four hours ?—We have a trouble, a serious 
trouble of course in coming within the limits of the oxygen 
test of the Mersey and Irwell Joint Committee, not in pro- 
ducing a non-putrefactive effluent so much, but of course 
we have that much more permanganate taken up through- 
out our works. We start with ten grains, or ten parts 
per 100,000 and we have to bring it down to one and a 
half. 


23143. (Sir William Ramsay.) That is a case where 
the standards might be altered ?—Well of course that is 
what we think. 


23144. (Colonel Harding.) No one suggests that the 
trade effluents assist you; they are a trial and a trouble. 
in a way, but you can deal with them supposing they do 
not come in rushes ?—Yes. 

23145. And your Corporation considers it is good 
policy to receive them ?—Oh yes. 

23146. (Mr. Stafford.) I was interested in what you 
said about the German Government setting up a Central 
Authority in Berlin for dealing with sewage effluents. Do. 
you think that with regard to these matters their 
investigations are more thorough than what is done 
over here by the English Local Government Board?— 
I think so, because you see they institute very careful 
experiments of their own. For instance, one question 
that was being discussed when I was there, was the treat- 
ment of the effluents from these huge colour works on the 
Rhine. They are working themselves and experimentirg 
in the Laboratory and overlooking experiments by the 
manufacturers, and at present the matter stands that 
there is no way of dealing with them. 


23147. Do they charge a fee, do you know, the German 
Government ?—Oh yes. 

23148. For this advisory work?—For any analyses that 
are made, and I imagine they charge a fee for their report 
as well. Oh yes, I have got a list of fees they charge 
for analyses, but I do not know what they charge for 
reports. 

23149. (Sir William Ramsay.) Is it compulsory that 
the town should employ the Government experts ?—I do 
not think it is compulsory, but as a matter of fact they do. 


23150. Because it would be rather a curious situation 
if the Government insisted upon their being employed 
and at the same time charged them a fee ?—Of course, 
naturally, one has to take into account the difference 
between the German and the English temperament. 

23151. (Major General Carey.) In answer to Question 
22770, you mention some advantages of the covered septic 
tanks, “‘On the other hand, wind and rain have a dis- 
turbing effect on an open tank, and tend to break up the 
scum and allow pieces of it to pass away in the effluents. 
A closed tank is more sightly, and, where complaints of 
smell are likely to arise, is desirable.’? Is there not a 
certain element of danger in the closed septic tanks 
owing to the confined gases against which certain pre- 
cautions may have to be taken ?—I think with reasonable 
care there need be no danger. Of course I am bound to 
admit that accidents have occurred and also that in cer- 
itan cases it is a wonder that more have not occurred, 


Mr. Gilbert J. 
Fowler, 

D.Sc., F.1.0. 

12 May 1905. 
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23152. Very serious accidents I think, occasionally ?— 
I have known them, but I think with reasonable pre- 
Of course if you had an 
assistant, as in a case I know of, who put a light at the 


12 May I¢ 1905. top of it, and airily told the surveyor that he had got a 


flame about two feet high, it is a different matter. We 
were all rather pleased that nothing worse had occurred. 


23153. I think the tank at Cromer was blown up owing 
to some want of proper care in bringing a light in. Now, 
Question 22801, as to this proportion of cubic yards of filter- 
ing material per head of population ; that is a very interest- 
ing one to me and I think an extremely useful one to the 
Local Government Board, if it is correct. Does that 
proportion provide for the treatment of storm sewage as 
as well as the dry weather flow per diem ?—Yes. 


23154. And also allows a margin of occasional rest to 
the beds ?—Yes. I got at it, I may say briefly, simply 
by counting up what would be required after a complete 
dvuble contact at Manchester and what is as a matter 
of fact provided at Burnley where they get a perfect 
effluent. 


23155. It works out roughly at that ?—It a Is out 
roughly at that at Manchester, after a complete double 
contact for a first rate effluent. 

23156. Including the storm water ?—Yes. 


23157. And works out near enough to be accepted 
as a unit ?—If you want to be safe I think that is a figure 
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to take. It is what I am taking myself, though I am 
bound to say sometimes you have to cut under it. 


23158. As regards percolating filters, I understand 
you have not made any experiments with filters over , 
six feet in depth—percolating filters 7—I have one going 
in a small way-at the gas works in Manchester, endeavour- - 
ing to oxidise this ammonia recovery liquor; I have 
got one twelve feet deep and I am getting rather good 
results out of it. 


23159. You have not got any record of your results ?— 
Not yet. 


23160. In your table of comparison, Question 22819; you 
only refer to six foot percolating filters ?—That is as far 
as we went. 


23161. Question 22841, in the table you give “ renewal 
cost per acre yard per annum ”’; is that per acre yard deep 
or what is per acre yard ?—Yes, per acre a yard deep. 


23162. That £50 for Manchester or £41 at Oldham, 
is the estimated amount of the annual expenditure that 
may have to be incurred in renewing the filter ?—That 
is the average of the ultimate expenditure, say at the 
end of five years, averaged out over the year. 


23163. Quite so; the estimated expenditure per 
year spread over five years ?—That is it; as a matter of 
fact-we are arranging our finances to lay aside every year 
so much, 
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Storm, February istt 16, 171, 1900. February I5!* Thaw of Snow previously fallen; Rain, 9am. to 7pm. February 16‘, Showery during morning; Rain at Midnight. February 17", Showery from Midnight to 3am, Rain at 2pm. Last Day of Rain, February 14% Total Flow 235,845,000 Gallons. Total Rainfall- 24 Inch. 
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MANCHESTER. 


Appendix to Evidence of Mr. Gitpert J. Fow ier. 


Tables showing average analyses of sewage, tank liquor, and filter effluents at 


Manchester, April, 19@3—December, 1904. 


PROCESS OF TREATMENT: 


Septic Tanks and Double Contact Beds, 


6225—Ap. I. 3h 
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APPENDIX : 403. 


MANCHESTER. 

SEWAGE.— Month ening April 22, 1903. 
Average daily flow - - - 31,424,000 gallons - Rainfall — - - - - - 0°061 inches. 
Maximum daily flow -  - 60,000,000 __,, - Rainfall - - - - arxQH30: -,, 
Minimum daily flow - - 15,480,000 _,, - Rainfall = - - - : - nil. 


Average Analysis of Sewage. 











a Best. | Worst. | Average. 
Ammoniacal Nitrogen - : - - - - - Ae i 1°09 3°02 2°19 
Albuminoid Nitrogen - - . - - - - oH "29 "85 51 
Oxygen absorbed from KMnQO, in 4 hours - - - - 7°36 15°13 10°11 
Suspended Solids 2 : S : z ms = - | Bs a ~ 








- Number of samples analysed for the average = 38. 
_ Sepric TANKs.— 


Average daily iiow through the Tanks - - - . - - 4,700,000 gallons. 


Amount of Sludge dealt with during the month - - - - - 3,500 tons (No. 2 Tank emptied 
April 18-28, after 2 years). 


Average Analysis of Tank Liquor: 














——— Best. Worst. | Average. 
Ammoniacal Nitrogen - - - - - - - . 1°76 3°88 2°48 
Albuminoid Nitrogen - - - - - - - - “28 "49 37 
Oxygen absorbed from KMnOy, in 4 hours - - - - 6°00 10°97 8°10 
Suspended Solids - - - ~ =“ ag- - : — — — 











Number of samples analysed for the average = 20. 


FILTERS.-— 
Total number of times Primary Beds were filled during month - - 790 
Number of Primary Beds in use during month ele 5 bash |e 
Number of hours Storm Filters were used as Streaming Filters - All beds (except No. 10), 1 hour, 


March 27 ; beds 1-6, 1 hour, April 
1; bed 13, 4 hour, April 4. 

Number of times Storm Filters were filled during month - - = 15 beds received 377 fillings ; average, 
644 each per week. 

Estimate of amount of Tank Liquor treated per cube yard per 24 hours Primary beds, 55 gallons ; storm beds, 

















65 gallons. 
Average Analysis of Filter Effluent: 
A.—Primary Beds. 3.—Storm Filters. 
——— | Best. | Worst. | Average. 
A. B. A. B. A. B. 
Ammoniacal Nitrogen - - - - - - - 94 35 3°23 153 1°65 "96 
Albuminoid Nitrogen - - - - - - - - "082 ‘035 "22 146 16 094 
Nitric Nitrogen - - : - - dhe - - - ‘60 1°29 ‘01 "41 ‘06 ‘86 
Oxygen absorbed from KMnOqgin4hours- - -~— - 74 ‘Bl 4:34 2°00 231 1°16 
Dissolved Oxygen taken up in 48 hours at 80° Fahr. - - 28% os 98% — 44% 28% 
(Percentage loss 9 vols. tap water, 1 vol. sample) 
Someeerds=) 0 = - = = = = At = — as — 
yes 
6 22 


: eee ag 
Number of samples analysed for the average = { 8” 1: (dissolved oxygen). 


Remarxs.— Analytical results in parts per 100,000. 10 acres of Primary Beds not yet mature, receiving from: 
3 to 5 fillings per week, 12 to 24 hours’ contact. : 
Gilbert J. Fowler 


May 4th, 1903, (Superintendent and Chemist), 
6225—Ap. I. 3 E-2 
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MANCHESTER—continued. 

Ever wean e— Month ending May 20th, 1903. 
Average daily flow - - 37,261,000 gallons - Rainfall : = is 2 - 0°137 inches. 
Maximum daily flow - 79,460,000 _,, - Rainfall 3 : j - 0465, 
Minimum daily flow - 18,326,000 _ ,, - Rainfall " - u £ - nil. 

Average Analysis of Sewage. 
ai 
—__— Best. Worst. Average. 

Ammoniacal Nitrogen - - - . - - - - | 1°06 2°96 213 

Albuminoid Nitrogen - - - - - - - aaa 20 74 “48 

Oxygen absorbed from KMnO, in 4 hours - - 6°87 13°71 10°26 

Suspended Solids - - - - - - - - — — —_ 

Number of samples analysed for the average = 48. 
Septic TANKS.— 
Average daily flow through the Tanks - - > - - 2 2 - - - 5,820,000 gallons. 
Amount of Sludge dealt with during the month - - - - - - - 2,500 tons. 
Average Analysis of Tank Liquor. 
—_———— Best. | Worst. | Average. 

3 

Ammoniacal Nitrogen - - - . - - - ae 1:00 3°58 Zoe 

Albuminoid Nitrogen - - - : - - - "165 506 35 

Oxygen absorbed from KMnO, in 4 hours- . - - 3°54 10°91 7°37 

‘Suspended Solids - - - - - - - - 56 | 76 6°3 

Number of samples analysed for the average = 25. 

FILTERS, — 

Total number of times Primary Beds were filled during month - - - | 959. is 


Number of Primary Beds in use during month - 


Number of hours Storm Filters were used as Streaming Filters - - 


Number of times Storm Filters were filled during month - - - - 


Estimate of amount of Tank Liquor treated per cube yard per 24 hours - 


Average Analysis 


A.—Primary Beds. 











Ammoniacal Nitrogen - . . : a z s 
Albuminoid Nitrogen - - E 4 - z , 
Nitric Nitrogen - : : : e . § 

Oxygen absorbed from KMnQ, in 4 hours - : 2 


Dissolved Oxygen taken up in 48 hours at 80° Fahr. - 


(Percentage loss 9 vols. tap water, 1 vol. sample.) 


Suspended Solids - 2 : = i x 


April 29 and May 6, 33; 
May 13 and 20, 34. 

Beds 1—6, 1 hour, May 4 
and Beds .7, 11, 12;,138, 14, 
2 hours, May 4. 

15 beds received 357 fillings. 


Primary beds, 65 gallons; storm 
beds, 60 gallons. 


of Filter Efflwent. 


B.—Storm Filters. 




















Number of samples analysed for the average = 10 


June 17th, 1903. ff 


Best. Worst. Average. 
A. B. 7 B. A. B. 
- 53 “41 2°58 1°47 151 ‘90 
- 0°7 047 7 104 “ay, 10 
- "846 1°45 235 33 “194 74 
- 74 *60 3°91 2°06 2°40 1°20 
- 92% 15% 69% 33-7, 38°/ 22% 
ai be 
f85 21 


11 (dissolved oxygen). 
Gilbert J. Fowler. 
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MANCHESTER—continued. 
Month ending June 17th, 1903. 











SEWAGE.— 

Average daily flow - - - 24,238,000 gallons - Rainfall — - - - - - 0'008 inches. 

Maximum daily flow - - 29,700,000 ,, - Rainfall = - : . : TOSS i, 

Minimum daily flow - - 17,400,000 ,, "Rainfall - - - : - nil. 

Average Analysis of Sewage. 
| 
--— | Best. | Worst. Average. 
Ammoniacal Nitrogen - - - - - : - ; 1°90 3°47 2°81 
Albuminoid Nitrogen - - - - - - - * ‘96 50 ‘66 
Oxygen absorbed from KMnOg in 4 hours - - - . 561 14°97 11°63 
Suspended Solids- — - | gaa. OO SR - — — _ 
| 














Number of samples analysed for the average= 48. 


Sepric TaNKs.— 
Average daily flow through the Tanks - - . - - - - 6,250,000 gallons. 
Amount of Sludge dealt with during the month - - - - - 2,400 tons. 


Average Analysis of Tank Liquor. 


















































ch ee: | Best. | Worst. Average. 
i 
Ammoniacal Nitrogen - - - - - - - - 2°29 4°70 3°54 
Albuminoid Nitrogen - - - - . . : - ‘29 De "42 
Oxygen absorbed from KMnOgin4hours - - = 4°34 10°69 8°46 
Suspended Solids tee ee! Se Oh SRY tlh A vk! Ss —_— — — 
Number of samples analysed for the average = 25. 
FILTERS.— 
Total number of times Primary Beds were filled during month - - - 1,032 
Number of Primary Beds in use during month - - - : : - 34 
Number of hours Storm Filters were used as Streaming Filters - - nil 
Number of times Storm Filters were filled durmg month - - - - 365 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours Primary beds, 68 gallons; 
storm beds, 59 gallons. 
Average Analysis of Filter Effluent. 
a.—Primary Beds. | 8.—Storm Filters. 
a Best. | Worst. | Average. 
| ene Be | A. B. A. B. 
_Ammoniacal Nitrogen - - - - ‘ - tS - 1°23 "70 329 1°76 2°03 =: 1°08 
Albuminoid Nitrogen Ba 3s he Seem: feet aT, 14 07 fae * Ge 5) pe 
Nitric Nitrogen -~— - - : - : ; 42 «1°47 ‘Ol ‘D4 ‘09 "95 
‘Oxygen absorbed from KMnO, in4hours- - = 1) £2058 "ts 414 2°06 oth loo 
Dissolved Oxygen taken up in 48 hours at 80° Parr. = - 34% 14% A5Y, ALY, 50Y 249 
(Percentage loss 9 vols. tap water, 1 vol. sample.) 
‘Suspended Solids - - - - - . - - a = ps ty 
\ 
nat 
(92 24. 


Number of samples analysed for tne average = 111 AED (dissoleed oxyzen) 


June 29th, 1903. Gilbert J. Fowler. 
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MaNCHESTER—continued. 


Month ending July 15th, 1903. 

















SEWAGE.— 

Average daily flow - - 28,809,000 gallons - Rainfall - : - 0088 inches. _ 

Maximum daily flow - 69,765,000 ,, - Rainfall - : tyvlba 71045 ,, 

Minimum daily flow - - 17,860,000 _,, - Rainfall = - « : : - “jul 

Average Analysis: of Sewage. 
A) eer Best. Worst Average. 

Ammoniacal Nitrogen - . - . - - - 121 3°55 2°54 
Albuminoid Nitrogen - - - ; - - - “34 . 92 59 
Oxygen absorbed from KMnOyin4 hours. -~— - - 7°81 15°14 11°81 
Suspended Solids - 4s - - - - - . 30°6 | 38°6 34°4 











Number of samples analysed for the average=48. 
Septic TANKs.— 
Average daily flow through the Tanks - : : Z E : 


Amount of Sludge dealt with during the month - ¢ - 4 : 


Average Analysis of Tank Liquor. 


- 5,726,800 gallons. 


920 tons. 




















saree Best. Worst 
Ammoniacal Nitrogen - - - - : - - 1°88 4°23 
Albuminoid Nitrogen - - - - - ane) ‘26 "59 
Oxygen absorbed from K MnO, in 4 hours - : 2 611 12°51 
Suspended Solids : - - - - - - - 74 10°6 








Number of samples analysed for the average = 24. 


FILTERS.— . 
Total number of times Primary Beds were filled during month - 943 


Number of Primary Beds in use during month - - - 
July 15, 43 


Number of hours Storm Filters were used as Streaming Filters 
Beds 3 and 4 


Number of times Sterm Filters were filled during month - - 442 


Estimate of amount of Tank Liquor treated per cube yard 


per 24 hours - - - - - : j E ‘ 
77 gallons. 


Average Analysis of Filter Effluent, 


A.—Primary Beds. B.—Storm Filters. 





Average. 


3°09 
38 
8°44 


9°0 


June 24 and July 1, 34; July 8, 38 = 
One hour, June 26, 1903; except 


Primary beds, 57 gallons ; storm beds,, 


























asragrss Best. Worst. Average. 
th B, A. B. re B. 
Ammoniacal Nitrogen - : - - 0°88 1)'29 353 1°47 1°80 1:07 
Albuminoid Nitrogen - - - - 0°07 0°05 0°28 0°15 0°17 “106 
Nitric Nitrogen - - - . - - - - 0°98 115 001 | 0:26 4 "635. 
Oxygen absorbed from KMnQOg in 4 hours - - 1:00 0°89 4°83 2°51 2°78 1°44 
Dissoived Oxygen taken up in 48 bours, at 80° Fahr. - - 33% 16% 66% 47% | a6 29% 
(Percentage loss, 9 vols. tap water 1 vol. sample) 
Suspended Solids - ~ C : ns . 2 od, | xi — 
wee A. B. 
Number of samples analysed for the average - -\_ f101 25 
4 x for Dissolved Oxygen -jJ ~ | 18 14 
ff Gilbert J. Fowler. 


July 25th, 1902. 
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MaNcHESTER—continued. 


SEWAGE.— Month ending August 12th, 1903. 
Average daily flow - - - 32,238,000 gallons . Rainfall - : : - - 0'099 inches. 
Maximum daily flow - - 62,398,000 _,, - Rainfall - : - : aOmsO 6, 
Minimum daily flow - - 19,389,000 _,, - Rainfall - - - - - nil. 


Average Analysis of Sewage. 

















—— | Best. Worst. . Average. 
Ammoniacal Nitrogen : - - : - - - 1°33 2°97 2°34 
Albuminoid Nitrogen - - - . - - - - 0°39 0°69 0°52 
Oxygen absorbed from KMnQ, in 4 hours - - - | 4°61 13°56 10°35 
Suspended Solids - - ~ - - . = | 33°4 44°9 , 3717 











——-——— 


Number of samples analysed fer the average = 48. 
Sepric Tanks.— 


Average daily flow through the Tanks : : - - - - - 7,690,000 gallons. 
Amount of Sludge dealt with during the month - - - - - nil. 


Average Analysis of Tank Liquor. 











—— | Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - - - - - - 1°64 3°52 2°61 
Albuminoid Nitrogen - - - . - - - - 0°27 0°43 0°35 
Oxygen absorbed from KMnOsg in 4 hours - - - - AF 8°91 7°40 
Suspended Solids - - - - - : - - 9°4 10°0 9°7 








Number of samples analysed for the average= 23. 


FILTERS.— 
Total number of times Primury Beds were filled during month - - 1,268 
Number of Primary Beds in use during month _ - - - - - July 22 & 29, 43; Aug. 5 & 12, 44 
Number of hours Storm Filters were used as Streaming Filters. - - lLhour, July 17, 2 hours, July 22. 
Number of times Storm Filters were filled during month _ - - - 465 


Estimate of amount of Tank Liquor treated per cube yard per 24 hours Primary beds, 66 gallons ; storm 
filters, 83 gallons. 


Average Analysis of Filter Effluent. 


A.—Primary Beds. B.—Storm Filters. 























—--— Best. | Worst. | Average. 
a B. A. B. A. B. 
Ammoniacal Nitrogen . - - : - - 106 0°35 BAe 152 1:65. 1°00 
Albuminoid Nitrogen - - - . - - . - 0°09 §=0°05 025 O15 O16. 0°11 
Nitric Nitrogen - - - - - - - - - 082 «6112 0°02 (016 0°27 0°52 
Oxygen absorbed trom KMnO,gin4hours- - -~— - 074 0°50 3°34 9:14 2°34 1°34 
Dissolved Oxygen taken up in 48 hours at 80° Fahr. - - 31°/o 13% 647%. 87% | 43%  24°/, 
(Percentage loss, 9 vols. tap water 1 vol. sample. 
Suspended Solids - ees cn - eS ee — = | pe 
. x seca 4 
Number of samples analysed for the average —- . - - - 17 24 
= us for Dissolved Oxygen - - - - ee 


Gilbert J. Fowler. 
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MANCHESTER-—continued. 


Saw AGE.— Month ending September 9th, 1903. 
Average daily flow - “ - 43,556,000 gallons - Rainfall — - - : = - 0196 inches. 
Maximum daily flow - - 90,765,000 ,, Rainfall = - - 3 ke SO96B oy, 
Minimum daily flow - : - 22,666,000 __,, : Rainfall = - 3 3 » ses 


Average Analysis of Sewage. 











-——- Best. Worst. Average. 
Ammoniacal Nitrogen - - - - - - - - 1°03 3°20 2°03 
Albuminoid Nitrogen - - - - - - . - 015 0°72 0°47 
Oxygen absorbed from KMnQj in 4 hours - oe ae - | 5°53 14°84 8°39 
Suspended Solids - - - . - 2 u < = a” pal) 














Number of samples analysed for the average=48. 
Sepric TaNKs.— 


Average daily flow through the Tanks - - - . - - - 10,300,000 gallons. 
Amount of Sludge dealt with during the month - - - - - - 240 tons (September 3rd) 


Average Analysis of Tank Liquor. 











—— | Best. | Worst. Average. 
Ammonisesl Nidinegen eee (oo ene ee 112 3:23 2°20 
Albuminoid Nitrogen - - - - - . - - 0°25 0°435 0°34 
Oxygen absorbed from KMnO,y in 4 hours - - - - 4°40 8°46 6°30 
Suspended Solids - - - : : - - - —- — — 











Number of samples analysed for the average= 24. 


FILTERS.— 

Total number of times Primary Beds were filled during month - - - 1,698. 

Number of Primary Beds in use during month - - - - - - Aug. 19 and 26, 45; Sept. 2,. 
46 ; Sept. 9, 47. 

Number of hours Storm Filters were used as Streaming Filters - - Aug. 14, 2 hours; Aug. 15, 17,. 
18, 1 hour daily ; and Aug. 
20, 3 hours. 

Number of times Storm Filters were filled during month - - - = 7225. 

Estimate of amount of Tank Liquor treated per cube yard per 24 hours - Primary beds,84 gallons; storm 


filters, 61 gallons. 


Average Analysis of Filter Effluent. 


A.—Primary Beds. 3.—Storm Filters. 














—— | Best. | Worst. Average. 
A. B. aA B. A. B. 
Ammoniacal Nitrogen - - - - - - - - 0°53 0'29 2°41 1°29 1°26 0°76 
Albuminoid Nitrogen - - - . . - - - 0°06 0°047 | 0°235 O14 013 0°09 
Nitrié Nitrogen 3. "= > ep 7%, eke ae 0 ee | O77 0:96. | 0°02 016 | 029 0°54 


Oxygen absorbed from KMnO, in 4 hours 0°80 0°60 3°03 | 2°20 1°84 0°98 


Dissolved Oxygen taken up in hours - = - : — — — 


Suspenuea Solids = E . : 2 “ i 3 aioe we pes 





Number of samples analysed for the average=A., 143 ; B., 15. 
ReMARKS.—Storm Beds stopped from August 25th to September 9th inclusive, owing to constructional work 


Gilbert J. Fowler. 
September 25th, 19038, f 
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MANCHESTER—continued. 
Month ending October 7th, 1903. 

















SEWAGE.--- . . 

Average daily flow - - - 36,928,000 gallons - Rainfall - - - - - 0°138 inches, 

Maximum daily flow . - 84,890,000 ,, - Rainfall - - - AO 45 

Minimum daily flow - - 920,945,000 ,, : Rainfall - é é - . — 

Average Anaiysis of Sewage. 
a Best. Worst. Average. 

Ammoniacal Nitrogen - - - : - - - - 1°20 3°21 2°41 
Albuminoid Nitrogen - - - - - - - - 34 “90 59 
Oxygen absorbed from KMnOy in 4 hours - 2 2 P 6°73 17°31 10°34 
Suspended Solids 2 aS hea tg al ls A | 18'9 47°] 311 








Number of samples analysed for the average = 48. 


Sepric Tanks.— 
Average daily flow through the Tanks : 2 





11,006,000 gallons. 























Amount of Sludge dealt with during the month - : = 3 None. 
Average Analysis of Tank Liquor: 
ieee . Best. Worst Average. 
| e 
Ammoniacal Nitrogen - “ i ee : = Z : 1°70 4:23 3:05 
Alppaiimoreitnogem. - 9) ber ee ‘26 53 ‘40 
Oxygen absorbed from KMnOg in 4 hours - 4 : : 577 10°11 8-00 
Suspended Solids a a ee es 114 151 13°4 
Number of samples analysed for the average = 24. 
FILTERS.— 
| Total number of times Primary Beds were filled during month - 2 - 1,831. 


Sept. 16 and 23 = 47, Sept. 30 
and Oct.7 = 51: 

1 hour, Sept. 10 ; 2 hours, Sept. 
11; 1 hour, Sept. 24. 

491. 


Number of Primary Beds n use during month - E . = = - 
Number of hours Storm Filters were used as Streaming Filters . - 
Number of times Storm Filters were filled during month - = : z 


Estimate of amount of Tank Liquor treated per cube yard per 24 hours - Primary beds, 83 gallons ; 
storm filters, 96 gallons. 
Average Analysis of Filter Effluent. 


A.—Primary Beds. B.—Storm Filters. 














ae FEE | Best. | Worst. | Average. 
A. B. A. . B. A. , 
Ammoniacal Nitrogen - —- Me ha dy) CAR ge ad 35 | 3:29 143 | 176. 1°01 
Albuminoid Nitrogen --—— - - - - : - ‘07 ‘047 26 17 16 12 
Nitric Nitrogen - - - “ - - - a4 ‘87 3°52 nil ‘01 "30 i: 
Oxygen absorbed from KMnOzin4hours- = - =~ - "89 ‘74 5 23 2°37 2°54 157 
Dissolved Oxygen taken upin hours” - - - Ae — -— — ee 3 





Suspended Solids 





Eo Helena dows 





Number of samples analysed for the average = A., 148; B., 28. 


Gilbert J. Fowler. 
October 26th, 1902. 
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MANCHESTER—continued. 


Month ending November 4th, 1903. 


SEWAGE.— 












































Number of hours Storm Fiiters were used as Streaming Filters - - 


Number of times Storm Filters were filled during month - - - 


Jstimate of amount of Tank Liquor treated per cube yard per 24 hours 


Average Analysis of Filter Effluent. 








Average daily flow - - - 53,618,000 gallons Rainfall - - - - 0°233 inches 

Maximum daily flow - - 113,815,000 A - Rainfall — - = : - SOTTO Se 

Minimum daily flow - - 22,400,000 ,, - Rainfall - - RONEN s UNSERE 

Average Analysis of Sewage. 
—_——— Best. Worst. Average. 
Ammoniacal Nitrogen- —- - - - - - : 0°70 321) 1°67 
Albuminoid Nitrogen - - - - - - - = 0°20 0°82 0°39 
Oxygen absorbed from KMnO, in 4 hours - - - - 5°20 12°40 7°66 
Suspended Solids - - - : : - : - | io7 47°7 29°3 
| 
Number of samples analysed for the average = 24. 

Septic TANKs.— 

Average daily flow through the Tanks — - - - - - - - 14,250,000 gallons. 

Amount of Sludge dealt with during the month - : - - - 915 tons. 

Average Analysis of Tank Liquor. 
——— Best. | Worst. Average. 
Ammoniacal Nitrogen - - - - - - - - 0°82 | 3°65 1°74 
AlbuminoiduNitrogen = =.= (= "= = 4) ee 0719 0°53 | 0°27 
Oxygen absorbed from KMnOg in.4 hours - - - - 4°34 9°60 6°10 
Suspended Sclids - - - - - - - - 83 9°4 9°0 
Number of samples analysed for the average = 22. 

FILTERS.-— 

Total number of times Primary Beds were filled during month - - 9,432 

Number of Primary Beds in use during month - - - - - 51 


Oct. 8,~2>" hours 5" 1477 3 shonrss 
20,1, hour,;| 23, (1 )ihouwres a7. 
2 hours; 28, 3) \hoursis a0; a4 
hour ; Nov. 2, 3 hours. Total 
16 hours. 

765 


Primary beds, 104 gallons; storm 
filters, 109 gallons, 




















A.—-Primary Beds. B.—Storm Filters. 
Saas | Best. Worst. Average. 
A B. A. B. A. B. 
Ammoniacal Nitrogen - - - - - - - - 0°69 018 1°42 2°06 112 0°63 
Albuminoid Nitrogen - - - - - - - - 0°07 O01 012 ' O16 0°10 0°06 
Nitric Nitrogen - - - - - - - - : 0°60 0°92 O17 nil 0°34 0°47 
Oxygen absorbed from KMnO,y in 4 hours - : - - 1°44 O51 2°54 2°69 1°87 b hk 
Dissolved Oxygen taken up in 48 hours at 80° F. Sy ici 16% 6% 26% 28%, 22% 187: 
(9 vols. tap water, 1 vol. sample) 
Suspended Solids : = é : : a a = a ee eee ea 
A, B. ; 
Number of samples analysed for the average - -\_fl4l- 62 
5 9 dissolved oxygen -Jf | 3 3 


Gilbert J. Fowler. 
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MANCHESTER-—continued. 


SEWAGE. Month ending December 2nd, 1903. 
Average daily flow : 46,359,000 gallons - Rainfall - - ‘ - 0°106 inches. 
Maximum daily flow - - 98,698,000 __,, - Rainfall > we 
Minimum daily flow - - - 30,687,000 _,, - Rainfall = - - " = nil. 


Average Analysis of Sewage. 



























































—— | Best. Worst. | Average. 
J ar 4 
Ammoniacal Nitrogen - - - - - - - 117 2°65 | 2°03 
Albuminoid Nitrogen - - - : - - = 0°18 078 | 0°48 
Oxygen absorbed from KMnOy in 4 hours - . : 611 12-51 10°20 
Suspended Solids - - - - - : - 25°1 39°4 33°7 
Number of samples analysed for the average = 24, 
Septic TANKS.— 
Average daily flow through the Tanks - - - - - - - 11,325,000 gallons. 
Amount of Sludge dealt with during the month - - - - = 2,500 tons. 
Average Analysis of Tank Liquor: 
—— Best. | Worst. Average. 
Ammoniacal Nitrogen - - - - - : - - 1°53 3°35 - 9°45 
Albuminoid Nitrogen - = . - - = - - 0°20 0°45 0°35 
Oxygen absorbed from KMnOy, in 4 hours - - - - 6°00 12°63 8°32 
Suspended Solids ait ts - - - - - - 10°3 10°9 10°6 
Number of samples analysed for the average =24. 
FILTERS.— 
Total number of times Primary Beds were filled during month- -  - 1,971 
Number of Primary Beds in use during month - S - - - - 51 
Number.of hours Storm Filters were used as Streaming Filters - - Nov. 25,1 hour; Nov. 26 
and 27, 1 hour; and Nov. 
28,3 hours. Total, 6 hours. 
Number of times Storm Filters were filled during month - - - - 679 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours - Primary beds, 82 gallons; storm 
filters, 85 gallons. 
Average Analysis of Filter Effluent. 
A.—Primary Beds. B.—Storm Filters. 
pia bs Best. Worst. Average. 
A. EB. A. B. A. B. 
Ammoniacal Nitrogen - - - : - = - - 0°88 0°29 2°41 S17 154 1°L8 
Albuminoid Nitrogen - - - - - - - - | 005 07023 | 0°20 025 | O13 0°10 
| 
Nitric Nitrogen - -  - - : - - - - 0°81 0°92 0-01 0°07 0°30 0°48 
Oxygen absorbed from KMnOz; in 4 hours - - = 114 0°76 5°20 4:06 2°59 1°73 
Dissolved Oxygen taken up in 48 hours at 80° Fahr.  - - Lo 14% 527 437% Bi % 28% 
(Percentage loss : 9 vols. tap water, 1 vol. sample) 
Suspended Solids Den te Fite Ne - - - - = —— = — | — 2 
A. B. 
Number of samples analysed for the average - - -\_ f144 46 
dissolved oxygen test -f | 8 8 


”? ” ” 
Gilbert J. Fowler. 

December 15th, 1903, 
6225—Ap. I. 3F2 









































Estimate of amount of Tank Liquor treated per cube yard per 24 hours - 
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SEwach.— Month ending December 30th, 1903. 
Average daily flow = - - 29,238,000 gallons 3 Rainfall - = * i - 0°034 inches. 
Maximum daily flow - - 53,014,000  ,, - Rainfall — - 2 : “ =eiia70 
Minimum daily flow - - HmE7453.000 : Rainfall - - - nil. 

Average Analysis of Sewage. 
—— Best. Worst. Average. 

Ammoniacal Nitrogen - - - - - - - 1°78 4°47 2°66 

Albuminoid Nitrogen - - - . - - 30 98 "55 

‘Oxygen absorbed from KMnO, in 4 hours - ey Yin 7°89 16°40 12°11 

Suspended Solids - - - - - - peal 23°4 40°3.. 31°6 

Number of samples analysed for the average = 24, 
Septic TANKS.— 
Average daily flow through the Tanks - - - - - 275,770,000 gallons. 
Amount of Sludge dealt with during the month ~ - - . . - 5,200 tons. 
Average Analysis of Tank Liquor. 
- Best. | Worst. Average. 

Ammoniacal Nitrogen - - - - - 1°47 4°82 Sisz 

Albuminoid Nitrogen - . - - - . - 19 "69 45 

Oxygen absorbed from KMnQ,g in 4 hours - - : - 6°86 14°40 9°83 

Suspended Solids - pS gets abe - 79 9°4 8°6 

Number of samples analysed for the average = 21. 
FILTERS.— : 
Total number of times Primary Beds were filled during month - - - 1,719 
Number of Primary Beds in use during month - - - - - - 51 
Number of hours Storm Filters were used as Streaming Filters - - 3 hours, December 9th. 
Number of times Storm Filters were filled during month - - ~ 671 | 


Primary beds, 72 gallons; storm 


Average Analysis 


A.—Primary Beds. 


filters, 74 gallons. 


of Filter Efflueni. 


B.—Storm Filters. 








Ammoniacal Nitrogen - 
Albuminoid Nitrogen - 
Nitric Nitrogen - 
Oxygen absorbed from KMnO, in 4 hours - 
Dissolved Oxygen taken up in 48 hour: at 80° F. 


(Percentage loss: 9 vols. tap water, 1 vol. sample} 
Suspended Solids - 





Number of samples analysed for 
»” ff 
January 22nd, 1904. 





Best. ; | Worst. | Average. 
A. B. A. B. A: B. 
- - - - - "82 ‘70 3°00 2°18 1°90 1°46 ° 
- - - - - | ‘06 047 30, “OAT ‘176 135 
- - - - 1°08 1°29 02 “19 “Al 62 
- - 1°54 “74 557 4°11 3°19 2°47 
: 24%, — 61%, = 467% me 
A. GB; 
the average = - = ee ie 44 
3] a dissolved oxygen -J \ 4 


Gilbert J. Fowler. 
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MANCHESTER—continued. 


SEWAGE.— Month ending January 27th, 1904. 
Average daily flow - - = 31,994,000 gallons - Rainfall - -  '- | -.. -,0°071 inches: 
Maximum daily flow - - 75,981,000 ,, - Rainfall = - coh vitnh murivizeQf615 ,, 
Minimum daily flow = jigh1i/18,920,000 _,, - Rainfall — - - ston — 


Average Analysis of Sewage. 






























































—— Best. Worst. | Average. 
Ammoniacal Nitrogen - - “ : - - - ’ 0°76 4°53 2°50 
Albuminoid Nitrogen - . - - : - - - 0°26 0°87 0°55 
Oxygen absorbed from KMnQOg in 4 hours - - - - | 811 15°37 ' 11°43 
Suspended Solids ee ae ee <f 32°3 | 37°7 35°4 
ome ie j —- { — is — 
Number of samples analysed for the averages 24, 
Sepric TanKs.— 
Average daily flow through the Tanks - - - : - - - 11,850,000 gallons. 
Amount of Sludge dealt with during the month - - - - - - 2,860 tons. 
Average Analysis of Tank Liquor. 
| a. 
——— ; Best. Worst. Average. 
Ammoniacal Nitrogen - . - - - - - - | 0°93 4°53 | 2°75 
Albuminoid Nitrogen - - - . - - - | 0°19 0°63 0°45 
Oxygen absorbed from KMnO, in 4 hours - - - | 6°97 12°51 9°91 
Suspended Solids - - - - - - - | 11°4 18 7) 11°6 
Number of samples analysed for the average = 24, 
FILTERSs.— 
Total number of times Primary Beds were filled during month - - - 2,090. 
Number of Primary Beds in use during month - : - - - - 51. 
Number of hours Storm Filters were used as Streaming Filters - - =) dam 13) hours’ Jan..15, 15 
minutes ; 7 beds only 
Number of times Storm Filters were filled during month - : - 768. 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours - Primary beds, 86 gallons; storm 
filters, 78 gallons. 
Average Analysis of Filter Effluent. 
A.—Primary Beds. B.—Storm Filters. 
a Best. | _ Worst. | Average. 

; A B A B A B 
Ammoniacal Nitrogen - aa et ei 0°65 0°41 3°18 2°47 1°72 1°39 
Albuminoid Nitrogen - _ - - - - : : - 0°06 0°03 0°29 0°29 0°16 0°13 
Nitric Nitrogen - - = - - - - - - 0°92 101 0°03 0°07 0°40 0°60 
‘Oxygen absorbed from KMnQOz, in 4 hours - Le ie - 1°63 109 6°29 4°31 3°29 2°53 

hie 
Hiesclved Oxygen taken up in 48 hours at 80° rt. - - 29% — 56% — 43% wa! 

(9 vols. tap water, 1 vol. sample) 

Suspended Solids - eo . : : 7 a sia said Sag — ~ 
A. B. 
Number of samples analysed for the average’ - -|_ 141 48 
‘f * ~ dissolved oxygen -f/ \ 4 


Gilbert J. Fowler. 
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SEWAGE.— 
Average daily flow” - - 
Maximum daily flow . - 


Minimum daily flow - 


APPENDIX : 


MANCHESTER—contin wed. 


83,471,000 
24,862,000 


Average Analysis of Sewage: 


” 


” 


37,662,000 gallons - 


Month ending February 24th, 1904. 














Ammoniacal Nitrogen- - -~— - 


Albuminoid Nitrogen - - -~ - 


Oxygen absorbed from KMnQ, in 4 hours : 


Suspended Solids ~ e : . 














Rainfall - - - - - 0117 inches. 
Rajpfall --- — #0f dish sypieeni'55 ee 
Rainfall - - - - - nil. 

Best. | Worst. | Average. 
118 2°94. 1sBo 
015 0°69 0°435 
6°91 14°74 10°80 

25°2 357 29°3 





Number of samples analysed for the average=24, 


Septic TANKs.— 


Average daily flow through the Tanks 


Amount of Sludge dealt with during the month 


Average Analysis 





of Tank Liquor: 








Ammoniacal Nitrogen - - 
Albuminoid Nitrogen - - = 
Oxygen absorbed from KMnQg, in 4 hours 


Suspended Solids : , A . 





Best. 


1°05 
0-13 
571 
We 





- 13,231,000 gallons. 





Number of samples analysed for the average=23. 


FILTERS.— 


Total number of times Primary Beds were filled during month = - - 


Number of Primary Beds in use during month 


Number of hours Storm Filters were used as Streaming Filters - - 


Number of times Storm Filters were filled during month 


Estimate of amount of Tank Liquor treated per cube yard per 24 hours 


Average Analysis 


A.—Primary Beds. 





of Filter Kfflwent. 


B.—Storm Filters. 


- nil. 
Worst. Average. 
317 196 
0°52 0°31 
10°46 8°29 
15'4 116 
2,360 


51 
Feb. 4, 2 hours ; Feb. 8, 2 hours. 
911 | 


Primary beds, 96 gallons; storm 
filters, 90 gallons. 











Ammoniacal Nitrogen - . ‘ 
Albuminoid Nitrogen - - ; 
Nitric Nitrogen - é ss is : 
Oxygen absorbed from KMnQ,y in 4 hours 
hours 


Dissolved Oxygen taken up in 


Suspended Solids . - : 5 





Number of samples analysed for the averages 132 


Best. 
| A B. 
70 0°47 
- 0°035 0°02 
- 101 Tet ki 
- 1°37 0°86 





A 





Worst. Average. ~ 
A, B A. B. 
2°23 176 | 143 1°07 
0:26 019 O13 0:09 
0°06 0'44 | 0°46 0°635 
4°94 3°23. | 2°84 2°04 
B. 

62 


Gilbert J. 4 ow!er. 
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MANCHESTER —continued. 


SEWAGE.— Five weeks ending March 30th, 1904. 
Average daily flow -_ - - 29,002,000 gallons - ‘Rainfall - - - - 0°052 inches, 
Maximum daily flow- - - 67,671,000 ,, - Rainfall - — - : - - 0325 ,, 
Minimum daily flow- - - .19,351,000 _,, - Rainfall - - - . - nil 


Average Analysis of Sewage. 











: | 
r —— Best. Worst. | Average 
Ammoniacal Nitrogen - - - - : - - - 0°94 3°12 2°35 
Albuminoid Nitrogen - - - - - . - - 0°26 0°70 0°49 
‘Oxygen absorbed from KMnOg in 4 hours - - - - 8°57 14°91 11°94 
Suspended Solids - - - - - - - - . 23°4 32°0 28°6 














Number of samples analysed for the average=30. 
Septic Tanks.— 


Average daily flow through the Tanks — - - - - - - - 11,149,430 gallons. 


Amount of sludge dealt with during the period - - - = - none, 


Average Analysis of Tank Liquor. 

















Shee ber: Best. | Worst. | Average. 
| { ; 
Ammoniacal Nitrogen ere - - - - - 1:29 | 3°94 2°72 
Albuminoid Nitrogen - : - - - - = 019 0°60 0°40 
Oxygen absorbed from KMnO, in 4 hours - . - 7°89 12°51 10°09 
Suspended Solids ay A - - - - - vag! 12°6 9°7 
| { 
Number of samples analysed for the average= 29. 
FILTERS.— 
Total number of times Primary Beds were filled during period - -. 2,510. 
Number of Primary Beds in use during period - - - - - 61. 
Number of hours Storm Filters were used as Streaming Filters- = - March 14, 33 hours. 
Number of times Storm Filters were filled during period - - - 965. 


Estimate of amount of Tank Liquor treated per cube yard per 24 hours Primary beds, 81 gallons; storm 
filters, 75 gallons. 
Average Analysis of Filter Hyluent. 


A.—Primary Beds. 38.—Storm Filters. 


| 























se aa | Best. Worst. Average. 
A B A Be pt A B 
Ammoniacal Nitrogen - - : - “ 0°82 = 0°59 241 2°29 168 1°37 
Albuminoid Nitrogen -- : = 0:05 0°0B5 0°23 -0'235 O15 O19 
Mire Natoeen - - - - OC - | 080 101 |. 002 0235 | 038 02 | 
| 
Oxygen absorbed from KMnOqg in 4 hours- - =~ 1°54 0°86 514 414 3°31 2°59 
Dissolved Oxygen taken up in 48 hours at 80° Fahr. (Per- | 
centage reduction, 9 vols. tap water, 1 vol. sample) - - 31 30 64 57 48 492 
Suspended Solids eS aa eae TS ais | ita a bi 
A. _ B. 
Number of samples analysed for the average —- 7 = 4 : 176 : 58 
for Dissolved Oxygen - - - - 22 : 11 


” ” 


Gilbert J. Fowler. 
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MANCHESTER—contenued 


Month ending April 27th, 1904. 

















SEWAGE.— 

Average daily flow -— - - 29,484,000 gallons - Rainfall - - - -  - 0071 inches. 

Maximum daily flow — - - 44,957,000 _ ,, : Rainfall = - - 2 = = eA anes 

Minimum daily flow - = 18,944,000 .,, =~ "Rainfall: -. 2. ee 

Average Analysis of Sewage. 
—_—— Best. Worst. | Average. 

Ammoniacal Nitrogen - - - . - - - - 1°29 2°88 2°19 
Albuminoid Nitrogen - - - - - - . "25 ‘70 oly io. 
Oxygen absorbed from KMnOzin4hours- - -~— - 5°10 15°40 10°84 
Suspended Solids - - - - - - - 26°9 45°1 33°1 








Number of samples analysed for the average = 24. 


Septic TANKS.— 


Average daily flow through the Tanks - E 5 2 z ts 


11,888,150 gallons. 









































Amount of Sludge dealt with during the month - - -  - - 1,420 tons. 
Average Analysis of Tank Liquor. 
ee Best. Worst. Average. 
Ammoniacal Nitrogen - - - . - . . . 1°23 3°29 2°40 
Albuminoid Nitrogen - - - - - - - - 20 "52 "34 
Oxygen absorbed from KMnOg in 4 hours - - : = 5°37 12°30 9°44 
' 
Suspended Solids we RECT Re ete lati 2 eaten oak 1ic4 15-0¥, 12°9 
Number of samples analysed for the average = 24. 
FILTERS.— 
Total number of times Primary Beds were filled during month - ~ $ - 2,109 
Number of Primary Beds in use during month - - - 5 2 S : 5l 
Number of hours Storm Filters were used as Streaming Filters - : t ules 
Number of times Storm Filters were filled during month - - - 804 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours — 
Primary Beds, 84. Storm Filters, 75. 
Average Analysis of Filter Effluent. 
A.—Primary Beds. B.—Storm-filters. 
eee | Best. | Worst. | Average. 
A. B. A. B A. B 
Ammoniacal Nitrogen - - - - - - - ‘59 ‘AT 2°53 pa W 137 ti2 
Albuminoid Nitrogen - - - - - - - - ‘06 035 ait 16 ab. 09 
Nitric Nitrogen - - - - - - - - - 1°08 1°01 ‘09 28 ‘49 “56 
Oxygen absorbed from KMnOsg in 4 hours - 5 2 = iss 86 6°37 4°20 2°96 210 
Dissolved Oxygen taken up in 48 hours at 80° Fahr. (Per- 
centage reductions, 9 vols. tap water, 1 vol. sampel) Sa AO toys 65°, dZPl5 36°, "26°/5 





Suspended Solids - : - 2 , : R - fo = aes 








Number of samples analysed for the average - - - - 
- 2 "s for dissolved oxygen test - - 


f 
June 13th, 1904. 


Ae B. 
f 67 48 
VE Sa Ms. 


Gilbert J. Fowler. 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 


MANCHESTER—continued. 





ALT 


Month ending May 25, 1904. 














SEWAGE— 
Average daily flow - - 26,373,000 gallons - Rainfall = - - - - - 0°057 inches. 
Maximum daily flow - - 36,753,000 __,, - Rainfall — - - - - 20240. ,, 
Minimum daily flow - - 18,758,000 ___,, - Rainfall — - - - = et 
Average Analysis of Sewage. 
—_—— | Best. Worst Average. 
: ” 

Ammoniaea] Nitrogen- 9)-) - - -  - = | 1°70 3°88 2°66 
Alburommepd Nitrogen - @=) ~- §-  -iv -° - - 0°28 0°83 0°51 
Oxygen absorbed from KMnO, in 4 hours - - Sa 9°54 17°43 13°04 
Suspended Solids - - - - - - - 27 40°0 33'1 

) 











Septic Tanks— 
Average daily flow through the Tanks - - Fee = 


. Number of samples analysed for the average = 24. 


- 9,552,860 gallons. 











Amount of Sludge dealt with during the month - ” - - - - 9,540 tons 
Average Analysis of Tank Tnquor. 
——— | Best. Worst. Average. 
Ammoniacal Nitrogen - - - - - - - - 1°82 3°94 2°91 
Albuminoid Nitrogen - - - - - - . 0°27 0°54 0°40 
Oxygen absorbed from KMnO, in 4 hours - - . =n 7°90 13°50 11°18 
Suspended Solids - - - - - - - - | 12°6 15°7 14°6 








Number of samples analysed for the average = 24. 


FILTERS— . 
Total number of times Primary Beds were filled during month - - 
Number of Primary Beds in use during month - : - - 2 
Number of hours Storm Filters were used as Streaming Filters -_ — 
Number of times Storm Filters were filled during month - - - 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours) — 
Primary Beds, 69. Storm Filters, 74. 


Average Analysis of Filter Egfiuent. 


A.—Primary Beds. B.—Storm Filters, 


812 


1,800 
May 4, 11, 18, = 51; May 25 = 52 




















ee Best. Worst. Average: 
A. B. : B. A. Br 
Ammoniacal Nitrogen - - - - - : - 118 0°70 2°29 AB ON a hag 128 
Albuminoid Nitrogen - - - - - - - = 0°08 0:06 0°23 0°21 0°15 O11 
* | 
Nitric Nitrogen - - - - - - - - 1°41 118 0°06 0°01 0°41 0°53 
Oxygen, absorbed from KMnO, in 4 hours - - - - 1°97 1°20 4:26 4°93 3°30 2°59 
Dissolved Oxygen taken up in 48 hours (percentage k 
reduction) at 80° Fahr. (9 vols. tap water, 1 vol. sample) 20% 11% 62% 43% 36% 29% 
Suspended Solids. - - - . : : - - 40 — 6°0 -— 4°7 ts 
: B. 
Number of samples analysed for the average - : -\_ fil 48 
=e 3 for Dissolved Oxygen Test - (23 12 


June 13th, 1904, 
6225—Ap. I. 


Gilbert J. Fowler. 


3G 
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MANCHESTER—continued. 


SEWAGE.— Month ending June 22nd, 1904. 
Average daily flow - - - 27,923,000 gallons - Rainfall = - - g 2 - 0°062 inches, 
Maximum daily flow - 52,494,000 - ..,, - Rainfall — - - - - -/ 0625 ,, 
Minimum daily flow - ~=1K7;966,000. .., - Rainfall —- - - - - = 


Average Analysis of Sewage. 














— — Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - - - - - - 1°59 4°40 2°86 
Albuminoid Nitrogen - - - : - - - - a) L103 ‘57 
Oxygen absorbed from KMnQO, in 4 hours - - 5°77 18°69 11°63 
Suspended Solids - - 2 . - - : - 377 ST “'304 








Number of samples analysed for the average = 24. 


Septic TANKs.— 


Average daily flow through the Tanks - - . - - - : - 10,665,350 gallons. 


Amount of Sludge dealt with during the month - - - - - - 6,230 tons, 


Average Analysis of Tank Liquor. 














——_— Best. Worst. Average. 
Ammoniacal Nitrogen - - - - - - - - 1°35 4°70 3°22 
Albuminoid Nitrogen - - - - - - - - 14 "5A “39 
Oxygen absorbed from KMnO, in 4 hours - - - - 4°92 14°10 9°30 
Suspended Solids - - - - . : - - 57 14°3 10°9 








Number of samples analysed for the average = 24. 


FILTERS.— 
Total number of times Primary Beds were filled during month ~ - - 2,037 
Number of Primary Beds in use during month - - - - pe nsy. 
Number of hours Storm Filters were used as Streaming Filters - — '\ 
Number of times Storm Filters were filled during month © - - = 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours- Primary beds, 76 gallons; storm 


filters, 71 gallons. 


Average Analysis of Filter Effluent. 























4.—Primary Beds. B.—Storm Filters. 
Nl 
——— | -Best. Worst. Average. 
{ 
A. B. ue B. A. B. 
Ammoniacal Nitrogen - - - - - - - - 1°41 “41 2°47 1°96 1°74 119 
Albuminoid Nitrogen - - - : - : - "05 02 "25 "22 1 ‘13 
Nitric Nitrogen - - - - - : - -/ as "88 112 ‘09 "02 “40 "BS 
Oxygen absorbed from KMnO, in 4 hours - - - - 117 74 5°83 3°52 2°85 2°04 
Dissolved Oxygen taken up in 48 hours at 80° Fahr. (per- 
centage loss, 9 vols. tap water, 1 vol. sample) - - : 10% 6% 527, 41¢, 32% 94% 
Suspended Solids 2 = = : : : = = = 7 —— 
ieee 
Number of samples analysed for'the average — - - - ‘| _f70 48 
fe pe for Dissolved Oxygen - : = en ee EE 


July 7th, 1904. Gilbert J. Fowler. 
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MANcHESTER—continued. 
Month ending July 20, 1904. 














SEWAGE.-— 

Average daily flow - - 27,567,000 gallons. - Rainfall - - - - - 033 inches. 

Maximum daily flow - - 36,295,000 ne - Rainfall - . le 

Minimum daily flow - - 20,241,000 7 - Rainfall - - ees 44 

Average Analysis of Sewage. 
— Best. | Worst. | Average. 

Ammoniacal Nitrogen - - - - - - - ; 1°94 SoD | 2°42 
Albuminoid Nitrogen. - - - - - - - - 0°32 1°41 0°64 
Oxygen absorbed from KMnQ, in4hours- - ~~ 8°23 17°66 10°84 
Suspended Solids-  -~— - tae oa Sho ae 26°3 33'2 30°3 











Number of samples analysed for the average = 24. 


Septic TanKs.— 
Average daily flow through the Tanks - - . - - - - 10,987,140 gallons. 
Amount of Sludge dealt with during the Month - - - - - 10,220 tons 


Average Analysis of Tank Liquor. 








—— | Best. | . — Worst. Average. 
Ammoniacal Nitrogen - - - - - - - 2°06 3°59 2°57 
Albuminoid Nitrogen - - - = - - - 0°20 0°49 0°33 
Oxygen absorbed from KMnOy, in 4 hours - - - 714 10°06 Satie g 
Suspended Solids - - - - - - - 11°4 12°6 1371 








Number of samples analysed for the average = 24. 


FILTERS.— 
Total number of times Primary Beds were filled during month - - - 2,093 
Number of Primary Beds in use during month - - - - 52 
Number of hours Storm Filters were used as Streaming Filters- - -_ — 
Number of times Storm Filters were filled during month - - - - 709 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours - Primary beds, 79 gallons ; 
storm filters, 62 gallons, 


Average Analysis of Filter Egluent. 











a.—Primary Beds. B.—Storm Filters. 
Lae Best. Worst. Average. 
A. i ea: B. A. B. 
Ammoniacal Nitrogen - - - = : - - - 0°88 0°65 2°17 1°65 1°40 1°03 
Albuminoid eee = 4 : : : a : z 0°07 0'06 0°28 0°21 O15 012 
Nitric Nitrogen - seats 2 2 : 5 2 = 0°82 0°86 nil. 0°02 0°26 0°32 
Oxygen absorbed from KMnO, in 4 hours - : : 2 1°86 0°89 3°37 3°20 251 2°03 
Dissolved Oxygen taken upin 48 hours at 80° Fahr. (per 
cent. loss, 9 vols. tap water, 1 vol.sample) - - - | 16% 87% 32% 43% | 25% 24% 
Suspended Solids. - - - - - - = 54 ar 6°0 — 5°7 = 














A. B, 
Number of samples analysed for the average - - \_ f69 48 
for Dissolved Oxygen Test-{ ~ (11 6 


Gilbert J. Fowler. 


5 39 ” ” ” 


July 29th, 1904, 
6225—Ap. I, 342 
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MANCHESTER—Contenued. 
Month ending August 17, 1904. 









































SEWAGE.-— 

Average daily flow - - 32,870,000 gallons -. Rainfall - -  - = = 0113 inches.. 

Maximum daily flow — - 66,724,000 ~ - Rainfall - - . - =, O60" +, 

Minimum daily flow = - 20,226,000 * - Rainfall = - - = (2 = =. mH: 

Average analysis of sewage. 
a Best. | Worst. | Average. 
Ammoniacal Nitrogen - : - : . - 1:00 3°29 | 2-07 
Albuminoid Nitrogen - - 4 : . - : 0°31 0°87 | 0°51 
Oxygen absorbed from KMnO, in 4 hours - : - > 4°34 11°94 ) 8°23, 
Suspended Solids - - - - - - = = - 272 314 26°4 
t he 2 
a 

j Number of samples analysed for the average = 24. 
Septic TanKs,— 

Average daily flow through the Tanks -~ - - -  .+ + = = “$9,038,000 alien 

Amount of Sludge dealt with during the month. — - - - 4 - - nil. 

Average analysis of tank liquor. 
x SS | ee 
—-—- / Best. Worst. Average. 
| 
Ammoniacal Nitrogen - - ~ - - - - = U3 | 3°59 2°48 
Albuminoid Nitrogen - =a. tp ak . - - ied 0°21 0°41 0°26 
Oxygen absorbed from KMnO,in4 hours - - -— - | 4°40 8°17 6°30 
e | 
Suspended Solids - - - - ; - - aes, | 74 11°4 971 
Number of samples analysed for the average = 24. 

FILTERS,— 

Total number of times Primary Beds were filled during month - 2,267 

Number of Primary Beds in use during month - - - 2 - July 27 and August 3 = 68 

August 10 and 17 = 69. 
Number of hours Storm Filters were used as Streaming Filters- - August 4, 2 hours (1-15 plot) ; 
August 17, 3 hours. 
Number of times Storm Filters were filled during the month - - 898. 


Estimate of amount of Tank Liquor treated per cube yard per24hours *Primary beds, 65 gallons; storm 
filters, 88 gallons. 


Average Analysis of Filter Effluent. 




















A.—Primary Beds. B.—Storm Filters. 
—- Best. Worst. Average. 
A. B. A. B. A, iB, 
Ammoniacal Nitrogen - - . - - x - - | 0°82 0.41 1°87 1°35 1:29 091 
Albuminoid Nitrogen - - - - : - - | 0°08 0°06 0°18 0°16 O12 0°10 
Nitric Nitrogen - - - ees - - - | 0°84 0°89 0°01 nil. 0°33 0°36 
~ | 
Oxygen absorbed from KMnQj, in 4 hours. - - - : 1°20 0°86 2°80 3°43 1°81 1°63 


Dissolved Oxygen taken up in 48 hours at 80° Fahr. 
(percentage loss, 9 vols. tap water, 1 vol.sample - - | 8% 11% 30% 28% 20% 18% 


Suspended Solids - - j E . 2 2 3 iors a we 





: 4, 
Number of samples analysed for the average. - = } -f 90 49 
” _ 5 for Dissolved Oxygen Test i AG 


ReEMARKS.—*New half-acre beds not yet matured. 


Gilbert J. Fowler. 
September 9th, 1904. 
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MANCHESTER—continued. 
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Month ending September 14, 1904. 









































SEwacE.— 

Average daily flow - - - 33,520,000 galleus - Rainfall - - 0°096 inches 

Maximnm daily flow - 108,230,000 _,, - Rainfall e SUeRS-— ;, 

Minimum daily flow - - 18,944,000 __,, Rainfall = - : nil. 

Average Analysis of Sewage. 
ae Best. Worst. | Average. 
Ammoniacal Nitrogen - - - - - - = 0°82 4°03 2°20 
Albuminoid Nitrogen - - 0°21 0°95 0°56 
Oxygen absorbed from K MnO, in 4 hours - - : 5°37 14°74 10°04 
Suspended Solids a Nite sneto -t0- iF 99°4 * 40°6 35°3 
. Number of samples analysed for the average = 28. Esta 
Sepric TanKs.— 
Average daily tlow through the Tanks - : - - - - 13,505,000 gallons. 
Amount of Sludge dealt with during the month - - : - : = 
Average Analysis of Tank Liquor. 
—— Best. Worst Average. 
Ammoniacal Nitrogen - - - - - “ 0°94 4°56 . 2°78 
Albuminoid Nitrogen - - - - - - - 0°21 0°44. | 0°34 
| 
Oxygen absorbed from K MnO, in 4 hours - - - - A12 / 11°49 | 7°90 
| 
Premendediecidae = ~= 9 - 8." - - eI 15°7 | 10'1 
Number of samples analysed for the average = 24. 

FILTERS.— 

Total number of times Primary Beds were filled during month - ~< 92.534 

Number of Primary Beds in use during month - - “ : ae 24, 70; Aug. 31, 71; Sept. 7 

; Sept. 14, 75. 


Aug. 22, 3 hours (16-29, 6 hours); 
Aug. 23, 1-15 plot, 3 hours (6 
beds, 5 hours) ; Sept. 3, 16-29 


_ Number of hours Storm Filters were used as Streaming Filters - 


plot, 3 hours ; 


























1-15 plot, 2 hours. 





Number of times Storm Filters were filled during month - = “nh 808 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours- *Primary beds, 70 gallons ; storm 
filters, 83 gallons, 
A.—Primary Beds. B.—Storm Filters. 
Average Analysis of Filter Effluent. 
—- Best. Worst. Average. 
; i B. A. B. A. B. 
Ammoniacal Nitrogen - - - - 2 ete : 0°64 0°24 1‘88 1°64 1°40 1°01 
Albuminoid Nitrogen - - : - - = 0°09 0°03 0°24 0°21 015 071] 
Nitric Nitrogen - : : - - - - 0°89 1°10 0°02 012 | 0°36 0°53 
Oxygen absorbed from KMnO, in 4 hours - - ea dca 0°60 2°54 3°29 Biot 1°93 
Dissolved Oxygen taken up in 48 hours at 80° Fahr. (per- " 7 ¥ day 
centage loss, 9 vols. tap water, 1 vol. sample) - 20°/, 20°/', 50°/., 397/55 1 .93°/, 29°/. 
Suspended Solids . "ek (fn — —_ a + - 
A. B 
Number of samples analysed for the average - - -) (60 54 
Mu 3 for Dissolved Oxygen Test -/ ={13 6 


* New half-acre beds not yet matured, included. 


Gilbert J. Fowler. 


September 20. 1904. 
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MANCHESTER-~-continued. 
Month ending October 12th, 1904. 


SEWAGE.— 


Average daily flow : - 24,483,000 gallons Rainfall . - - - 0°042 inches 








Maximum daily flow - ~ ,43,096,000__,, - Rainfall - - - - = 10500 25 
Minimum daily flow - =) 14,579,000, - Rainfall - : - - - Nil. 
Average Analysis of Sewage. 
, —-= 
oe Best. Worst. | Average. 

Ammoniacal Nitrogen - - - - > : - - 220 3°70 2°90 
Albuminoid Nitrogen - = - - : : 0°49 1°07 0°73 
Oxygen absorbed from KMnQ,, in 4 hours -_,y - - - 8°92 16°30 12°40 
Suspended Solids - - - -s §e - : : 28'6 38°6 333 











Number of samples analysed for the average =28. 


Septic TANKS.— | 
Average daily flow through the Tanks — - - - - - - - 14,453,570 gallons 


Amount of Sludge dealt with during the month = - - - - — 


Average Analysis of Tank Liquor. 
































— - Best. Worst. Average. 
Ammoniacal Nitrogen - - - : : : - - 2°76 5'1l 3°73 
Albuminoid Nitrogen - - - - - - - - 0°27 0°61 0°45 
Oxygen absorbed from KMnO, in 4 hours - - - - 737 12°97 10°50 
Suspended Solids : - - - - - - =e 86 11°4 9°4 
Number of samples analysed for the average = 24. 
FILTERS.— 
Total number of times Primary Beds were filled during month + 9 io. 


Number of Primary Beds in use during month - - - - 


Nuinber of hours Storm Filters were used as Streaming Filters 


Number of times Storm Filters-were filled during month - - 


Sept. 21, 76; Sept. 28,78; Oct. 5 
77 - Oct. 12, 79. 

Sept. 30, 3 hours 1-15: Oct. 1, 
3 hours 16-29; Oct. 6, 1 hour 
16—28. 

765 


























Estimate of amount of Tank Liquor treated per cube yard per 24hours Primary beds, 70 gallons; storm 
filters, 71 gallons. 
A.— Primary Beds. B.—Storm Filters. 
Average Analysis of Filter Effluent. 
—— Best. Worst. Average. 

: inchs : a B. a B. 
Ammoniacal Nitrogen- - - : - - - - 1°35 1°08 3°17 218 1°96 1°53 
Albuminoid Nitrogen - - - : - : : - 0°09 0°08 0°28 0°26 0°18 0°16 
Nitric Nitrogen - - - - - - . . | 050 1:13 | Ni 007-5 ioareeiaaere 
Oxygen absorbed from KMnO, in 4 hours - - - - 2°00 P17 5°66 4°72 3°19 2°84 
Dissolved Oxygen taken up in 48 hours (percentage loss 

at 80° F., 9 vols. tap water, 1 vol. sample) - - = | 98°, Ser Wie ho 80°, | 41°%Fs ad 
Suspended Solids < - . ~ r : y 43 6°6 — 5.4 -- 
jh. B 


Number of samples analysed for the average - —- 


”? ”? ” 


October 29, 1904, 


for Dissolved Oxygen Test 


Lf8T ot? 
45812 NG 


Gilbert J. Fowler, 


Consulting Chemist. 
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MANCHESTER—contenued. ; 
Month ending November 9th, 1904. 
SEWAGE.— 
Average daily flow - - - 26,383,000 gallons . Rainfall - - - - - 0°091 inches. 
Maximum daily flow- —- 74,013,000 _,, . Rainfall - — - eee 0890, 
Minimum daily flow - - - 13,332,000 _,, Rainfall - - - : =f aati 
Average Analysis of Sewage. 
——— Best. | Worst. | Average. 
Ammoniacal Nitrogen - - - - 0°94 4°35 2°87 
Albuminoid Nitrogen - - - - : 031 1°03 0°69 
Oxygen absorbed from KMnO, in 4 hours - ; 7°54 18°57 12°67 
Suspended Solids -— - ae : 25°7 401 32°7 
i 








Number of samples analy 


Septic TANKS.— | 


Average daily flow through the Tanks 





sed for the average = 28. 


17,510,000 gallons. 


























Amount of sludge dealt with during the month- - - - - - 4,700 tons. 
Average Analysis of Tank Liquor 
ite Best. Worst. Average. 
Ammoniacal Nitrogen - - : - - - - 1°23 4°82 3°44 
Albuminoid Nitrogen - - - : - - - : 0°21 0°67 0°47 
Oxygen absorbed from KMnO, in 4 hours - - - - 6°34 15°94 10°89 
Suspended Solids - - - - - . - 9:1 15th 11°0 
Number of samples analysed for the average = 24. : 

FILTERS.— 

Total number of times Primary Beds were filled during month - - 3,396 


Number of Primary Beds in use during month 


Number of hours Storm Filters were used as Streaming Filters 


Number of times Storm Filters were filled during 


- Oct. 19, 26, & Nov. 2,79; Nov. 9, 80 


Oetetia eds 1). a. sana It, 
2 hours; beds 16-29, 3 hours ; 
Oct. 18, beds 18-23, 2 hours ; 
Nov. 7, beds 1-6, 8, 9, 12 and 13, 
1 hour ; Nov. 8, beds 1-15 (except 
7 and 11) 1 hour, and all beds 
1-15, 1 hour 2nd filling, also 
16-29, 1 hour ; Nov. 9, beds 1-15 
(except 7 and 11) 3 hours: beds 
17, 18, 19, 20, 21, 22, 23, 25 and 
26, 2 hours. 


776 


month 


Estimate of amount of Tank Liquor treated per cube yard per 24 hours Primary beds, 82 gallons; storm 


filters, 76 gallons. 


Average Analysis of Filter Effluent. 











Ammoniacal Nitrogen - 
Albuminoid Nitrogen - 


Nitric Nitrogen - 


Suspended Solids 





A.—Primary Beds. B.—Storm Filters. 
aes | Best. Worst. Average. 
A. B. A. B. A. B. 
2 2 = - 0°65 0°47 3°29 3°29 196 1°80 
s : 2 . 0°09 0°07 0°31 0°29 0°19 0°18 
é Es , 2 = = - 0°66 0°77 nil. nil, 0°25 0°235 
Oxygen absorbed from KMnQO, in 4 hours - - : 1°23 1°03 6°94 617 3°40 3°53 
Dissolved Oxygen taken up in 48 hours at 80° Fahr. Per- 
centage loss (9 vols. tapwater, 1 vol. sample) - - - Gove. *) 12°75 dal on L0G n| 2 29°), 43°), 
= : = - - - - - 4°6 — 74 —_ 61 — 
A. B. 
Number of samples analysed for the average - - — - etre, 5a 
2. » for Dissolved Oxygen Test- - - 11 11 


November 30, 1904. 


Gilbert J. Fowler. 












































Estimate of amount of Tank Liquor treated per cube yard per 24 hours - 


Average Analysis of Filter Effluent. 


A.—Primary Beds. B.—Storm Filters. 
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MANenEstER——continued. , 

SEWAGE. — Month ending December. 7th, 1904. 
Average daily flow - - 28,937,000 gallons - Rainfall = - - - - - 0°062 inches, 
Maximum daily flow - S155 O00 es - Rainfall = - = > SOP 
Minimum daily flow -. 14,982,000" .,, - Rainfall : : - - - nil, 

Averaye Analysis of Sewage. 
se Best. | Worst. Average. 

Ammoniacal Nitrogen : - - - - - 1°35 3°76 2°35 

Albuminoid Nitrogen - - - - - - - 0°36 0°92 0°59 

Oxygen absorbed from KMnQ, in 4 hours - : - - 8°46 15°37 12°67 

Suspended Solids- - - - - - - =F 30°3 44°6 36°6 

Number of samples analysed for the average = 28. 

*Septic TANKS.— Baie 
Average daily flow through the Tanks - - - - . - - - - - 20,523,000 gallons. 
Amount of Sludge dealt with during the month - : - - . - : - 

Average Analysis of Tank Liquor. 
ae Best. Worst. Average. ba 

Ammoniacal Nitrogen - : 2 : : 1°53 4°70 25oy 

Albuminoid Nitrogen - - - - - - - ea 0°64 0°45 

Oxygen absorbed from KMnQ, in 4 ees = : - = T 5A 15°94 10°79 

Suspended Solids- - - - - - - - 13°4 2371 17°0 

Number of samples analysed for the average = 24. 
FILTERS.— 

Total number of times Primary Beds were filled during month - - - 3,886 

Number of Primary Beds in use during month - - - - - say Bl 

Number of hours Storm Filters were used as Streaming Filters - - November 21, 16—29 beds, 2 

hours ; December 7, 16—29 
beds, 2 hours. 
Number of times Storm Filters were used during month - - - - 1,060 


Primary Beds, 94gallons ; Storm 
Filters, 77 gallons. 





























cae ia OE. Best Worst. Average. 
A. B. A. B. A. B. 
Ammoniacal Nitrogen : - - - - : - 0°88 0°82 3°12 312 1°63 159 
Albuminoid Nitrogen - : - - - - - 0°07 0°07 0°34 0°25 0°16 O15 
Nitric Nitrogen - . : - e - ‘ : - 0°68 0°80 nil. 0°07 0°32 035 
Oxygen absorbed from KMn0O, in 4 hours - - - . 1°37 1 631 5°63 3°46 3°50 
Dissolved Oxygen taken up in 48 hours at 80° Fahr. Per- ’ 
centage Loss (9-vols. tap water, 1 vol. sample) - - 20% 8% 48%, 79% 30% 36% 
Suspended Solids - - - - - - - - 4'9 — 57 _ 5°4 — 
* A. B. 
Number of samples analysed for the average = . - - - 116 48 
dissolved O. test = Se chr . - 10 10 


» oP) 9 


REMARKS.—Full supply of town’s water resumed November 13th, 1904. 


* The great variation in the analytical figures for the best and worst samples is due to excessive 
quantities of suspended matter passing away in the tank effluent. 


December 21st, 1904, 


Gilbert J. Fowler. 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 


SEVENTY-SIXTH DAY. 


Monday, 15th May, 1905. 


PRESENT, 


The Right: Hon. the Earn of Ipprsiuricu (Chairman) 
presiding. 
Major-General ConSTANTINE Pures Carey, C.B., R.E. 


{ 





Sir Wizu14m Ramsay, K.C.B., F.R.S. 
Colonel T. W. Harding, J.P. © 


Mr. F. J. Wits (Secretary). 


ALSO PRESENT. 


Dr. A. C. Houston. 
Dr. GrorGe McGowan. 


Mr. G. B. Kersuaw. 
Mr. C. C. Frye. 


Mr. J. Carrer Bett, A.R.S.M.,, etc., Borough Analyst of Salford, called in; and Examined. 


23164. (Chairman.) You are Mr. J. Carter Bell, 
Analyst to the County of Chester and for the County 
Boroughs of Salford, Birkenhead, Congleton, Staly- 
bridge, and Glossop ?—Yes. 

23165. You have attended here to-day to give 
evidence with regard to the sewage works of the County 
Borough of Salford ?—Yes. 


23166. Now, just let me ask you what is the general 
treatment at Salford ?—The general treatment is precipi- 
tation with chemicals and passing through roughing filters, 
and then through a final continuous filter. 


23167. What is the population draining to the Salford 
works ?—231,514. 

23168. What is the system of drainage—that is to say, 
is the storm water either wholly or partially drained 
into a separate system, and, if only partially, to what 
extent?—The drainage is entirely on the combined 
system. 


23169. Is there any infiltration of subsoil water into the 
sewers ?—Yes, there is considerable infiltration of sub- 
soil water, probably from 1,000,000 to 35,000,000 gallons 
per day, according to weather. 

23170. What is the water supply per head, and from 
what source does it come?~—Water supply from Man- 
chester Corporation, estimated about 15 gallons per 
per head for domestic purposes, and equal to about 5 
gallons per head for trade purposes. 


23171. Is it hard or soft water ?—It is very soft. 


23172. What is the drainage area of the part of the 
town which is sewered.?—Probably 50 per cent. 


23173. What proportion of the population use pail 
closets or middens, and what proportion use water- 
closets?—The number of pail closets or middens is 
15,691, and the number of water-closets 22,872. 


93174. Has the flow of sewage to your works been 
gauged? If so, what is the average number of gallons 
delivered at the works per day of 24 hours in dry 
weather (1) in winter and (2) in summer ?—The quantity 
pumped, as automatically recorded—dry weather flow 
8,000,000 gallons per day; other flows only estimated, 
being not yet fully treated owing to insufficient pump- 
ing force. 

23175. What is the maximum dry weather rate of flow, 
yand at what hour does this occur <The maximum dry 
weather rate of flow equals 14,000,000 gallons per 
day, and this occurg about 3 p.m. 

23176. What is the minimum dry weather rate of flow, 
and at what hour does this occur ?—The minimum dry 
weather rate is about 3,000,000 gallons per day, and 
this occurs about 6 a.m. 

92177. What is the maximum wet weatlier rate of flow 
which you have observed coming to the works, and 
during how many hours has this continued 7—We have 
no record of this. ‘ 

23178. What storm overflows have you on your sewers, 
and at what rate or rates of flow do they come into 
operation? For comparative purposes kindly give the 
maximum and minimum rates of flow in dry weather in 
the sewers on which the various overflows are situated ? 
—There are many storm overflows to the seven miles’ 


6225—Ap. I. 


length of river flowing through the borough. We have ™/r. . Carter 


no records of the flow. 
23179. What is the largest number of gallons of sewage 


which haye passed the last storm overflow and come 15 May 1905. 


to your works in 24 hours?—I cannot say. 


23180. Can you say what is the volume of water in 
gallons represented by the average yearly rainfall on the 
drainage area?—No. 

23181. Can you give the Commission an approximate 
statement as to (a) the volume of sewage which comes 
to your works during the year; and (b) the volume 
which passes over your overflows ?—The volume of sew- 
age which comes to the works during the year is 
approximately 3,355,081,000 gallons. I cannot say 
what volume passes over the overflows. 


23182. Does the infiltration of subsoil water into 
the sewers occur regularly, or does it vary with 
the seasons or with the state of the weather ; and can 
you give an approximate idea of the extra amount of 
liquid at one time and another time entering the sewers 
from this source?—The infiltration of subsoil water 
varies. I cannot say what extra amount of liquid 
enters the sewers from this source. 


23183. How many gallons of trade effluents enter the 
sewers daily (24 hours), and what is the nature of those 
effluents ?—I am unable to say. 


23184. Has your authority framed any rules as to ‘the 
reception of trade effluents into sewers? If so, what 
are they ?—No rules are enforced. 


23185. Do you find that the trade effluents interfere 
with the process of purification by reason of their 
qaality, variitions ia composition, fluctuations of 
volume or otherwise? If so, would you kindly tell us 
what your difficulties are?—We have not found any 
difficulty. Sometimes tarry matter affects the oxygen 
test. 


23186. In dry weather what is the average amount of 
suspended matter in your sewage, and what are the 
highest and lowest figures in parts per 100,000 ?—The 
average amount in summer is 41.4 parts per 100,000 ; 
the highest was 5643 parts per 100,000 (April 18th, 
1904); and the lowest (April 15th, 1904) was 5-7 parts 
per 100,000. 


23187. What is the physical character of these solids? 
—Physically it is black slime. Chemically it consists 
of organic matter, 54°08 parts per 100,000; silica, 
21°77; oxide of iron, 121; alumina, 48; lime, 6:2; 
copper, 1:0. I do not mean to say that the sludge 
always contains copper: it has only been analysed two 
or three times, and each time it contained copper. 


—23188. Can you give us average analyses of your sew- 

age for the years 1903 and 1904 in summer and m 

winter ?—The average analyses were as follow :—. 
Parts per 100,000, 
Summer. Winter. 


Four hours’ oxygen absorbed - 68 69 
Suspended matter - - eg OO T 
Alkalinity as hme - - - 8 6 

23189. Is it a “ strong” sewage ?—Yes. 
3H 


ell, 
A.R.S.M. 


Mr. J. Carter 
A.R.S.M. 
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23190. Does its strength vary very much from hour to 
hour or on different days of the week, and, if so, do these 
variations affect the quality of your final effluent to 
a marked degree ?—Yes, it does vary ; but it does not 
affect the final effluent. 

23191. How do you think “strength” of sewage as 
affecting purification is best expressed or measured ?— 
By stating the percentage of purification derived from 
the oxygen test. 

23192. Have you any information as to the bacterio- 
logical condition of your sewage in dry weather and in 
storm times ?—No. 

23193. Are there any chemical poisons in your sew- 
age? If so, what are they, and to what extent do they 
occur ?—There are trade effluents, but I should not 
eall them poisonous. 

23194. ls your sewage always alkaline /—Practically 
speaking, it is alkaline. 

23195. Do you find that the amounts of suspended 
solids are increased or diminished in times of storm, 
and can you give the Commission the figures at the end 
of each hour during a storm of some hours’ duration ?— 
The suspended solids are increased at first, but if the 
rain is long continued they diminish. I cannot give the 
hourly figures. 


23196. How many years ago were your sewers laid, and 
do you know whether they have sunk much in places so 
as to allow solids to accumulate ?—The intercepting 
sewers were laid from 15 to 22 years ago; the ordinary 
street sewers were laid any time within a century. 
There has been no material sinking, the ground being 
very firm. 


23197. What is the character of the liquid part of the 
sewage in storm times ? Perhaps you could illustrate this 
answer by analyses of the liquid portion of the sewage 
in dry weather and in storm times? Please state 
whether in making the analysis the solids were removed 


by settling or by filtering through filter paper?—The .. 


following are average analyses of the liquid during eight 
storms in 1904:—Suspended matter at commencement 
of storm, 76:6 parts per 100,000; after one hour’s 
duration, 78:6 parts; after 5} hours’ duration, 41:6 
parts. Oxygen absorbed in 4 hours at commencement 
of storm, 12:3 parts per 100,000; after one hour’s 
duration, 3-4 parts; after 4 hours’ duration, 3-6 parts. 
I have given the average analyses of the sewage in 
summer and winter in answer to a previous question. 
In making the analyses the solids were removed by 
settling, 

23198. In what way or ways do you think the sewage 
which comes to the works should be dealt with in storm 
times? Perhaps I should amplify this question a little. 
The usual requirements of the Local Government Board 
are, I understand, that any increase in flow up to three 
times the normal dry weather rate should be fully dealt 
with by the ordinary complete plant, and that a certain 
number of additional dilutions—up to a total of six— 
should be treated on special storm filters. Do you think 
these are proper requirements, or do you think they 
should be modified in any way? It is, I believe, often 
found that the storm sewage which first comes down to 
the works contains a largely increased amount of sus- 
pended solids, and I should like to know whether you 
consider that your ordinary (dry weather) plant is ex- 
posed to damage in any way—as, e.g., rapid choking— 
by having to deal with this amount of storm sewage, 
and whether you think it would b> better to adopt 
some other treatment. Although the storm sewage, 
including the suspended solids, is a very polluting 
liquid, possibly the liquid portion alone is not very 
polluting, and this suggests that settlement of all the 
sewage arriving at the works in time of storms in tanks 
for a few hours after, possibly, the addition of chemi- 
cals, might perhaps be a better plan of treatment than 


passing a portion of it through the ordinary 
plant, and the balance through storm filters. 
Would such settlement alone be sufficient for 


the whole of the sewage arriving at the works 
in times of storm? JI should be glad if you would 
state your views fully on this question, and if you would 
also tell the Commission what number of dilutions you 
think it practicable to treat in one or another way P— 
Our sewage works are arranged so that four times the 
dry weather flow could be dealt with by the ordinary 
tanks, roughing filters, and bacteria beds, the latter 
working for 24 hours without intermission. In dry 
weather the beds would work in the proportions of one 


MINUTES OF EVIDENCE; 


hour’s work and three hours’ rest. I think that in our 
case the best provision for storm flows would be large 
reserve tanks to hold (say) one day’s storm flow, which 


might pass through the ordinary works during the - 


following days. I do not approve of special storm 
filters, seeing that unless in constant use we could not 
expect the multitude of bacteria to be ready for such 
irregular duty on a large scale. 


23199. What shape and size are your storm overflows? 
—The storm overflows are in several places of sectional 
area about equal to the sewers they serve. The main 
ones have sills of about 22ft. in length, so as to require 
only a moderate rise for a full discharge. 


23200. Would it be possible to have a standard form 
of overflow ?—That would not be possible in our case. 


23200.* Do you think that the point at which storm 
overflows should come into operation should depend on 
the configuration of the land, e.g., whether it is hilly or 
flat, etc., and upon the character of the surface soil 
geologically ?—No. 


23201. Should storm overflows be fixed or movable? 
—They should be fixed. 


23202. Do you think the number of dilutions at which 
storm sewage may properly b> allowed to pass into the 
stream should be dependent upon the size and nature of 
the stream into which the storm sewage would pass? Is 
it possible, for example, that in some circumstances no 
injury to the stream would be caused by allowing over- 
flows to come into operation when the increased flow 
was slight, while in others this would not be the case 2— 
Certainly ; I think the storm overflow should depend on 
the circumstances. Our Ship Canal, for instance, is a 
much less injurable outfall than a fish stream would be. 


23203. Could you give us an analysis of a typical sam- 
ple of your road water during the early period of a 
storm #—No, I cannot do so. ox eth 


23204. Have you any information as to the bacterio- 
logical condition of the road water ?—No. 


23205. Do you consider that in certain circumstances 
this liquid should be purified ?—Yes. . 


23206. What are your views as to the comparative cost 
and advantages of the separate and combined systems of 
sewers? Initial outlay as well as annual cost should 
be borne in mind ?—I think the separate system has 
aa advantages for all scantily populated areas, but 
or town areas the combined system is always prefer- 
able, and in each case economy would be best attained 
by these different systems. 


23207. Is your sewage settled, and if so how; 1.e., 
by quiescent settlement or continuous settlement ; 


and what length of time does it stay in the 
tanks or take to pass through, as the case 
may be? Would you kindly give an average 


analysis of the tank liquor, including the figures for 


suspended solids?—The sewage passes continuously 
through a screen fitted with automatic rakes, and is 
then pumped into a mixing chamber, where it receives 
the milk of lime. After mixing with the lime it passes 
along a channel to the precipitation tanks, on the way 
receiving a solution of copperas. It then passes slowly 
through precipitation tanks, taking about three or four 
hours to pass through the tanks. The following is the 
average analysis of tank effluent for years 1903 and 
1904, in parts per 100,000: Oxygen absorbed in four hours, 
4:7; alkalinity as CaO, 3-0; suspended matter, 2°9; 
free ammonia, 1°95; albuminoid ammonia, -448; nitro- 
gen as nitrates and nitrites, -172; chlorine, 14-1. 


23208. Have you data to show what proportion of the 
suspended matter in your sewags is settled in 4-hour, 1, 
2, 3, 4, 5, 6, 12, and 24 hours, if the sewage is given 
quiescent settlement?-— The average results of 25 
samples taken from the tanks are, immediately after 
filling, 11-4; after two hours’ rest, 7-1; after four hours” 
rest, 4-4; after 12 hours’ rest, 3:6; after 14 hours’ 
rest, 36. 

23209. What time would be necessary for you to gain 
a good tank liquor containing, say, no more than six or 
eight parts of suspended solids per 100,000 from your 
sewage (without the addition of chemicals), (1) by quies- 
cent settlement, (2) by continuous flow settlement ?— 
The sewage of Salford cannot. be purified without 
chemicals. 


23210. Do you prefer to use settlement tanks in series 
or in parallel ?—In parallel. 
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23211. In the case of continuous flow tanks do you 
think there is any advantage in the employment of 
baffling boards or walls ?—Yes. 


23212. How is the sludging of tanks done. at your 
works, and what is the character of the sludge? Does any 
nuisance attend the operation, and, if so, is it serious? 
Have you means of storing sludge, or do you have to get 
rid of it as soon as it is removed from your tanks !—The 
tank liquor is run back into the sewer till the surface 
of the sludge is exposed. The sludge is then run into 
storage tanks holding between 3,000 and 4,000 tons, and 
remains there until sent to sea by steamer. There ix 
no other means of storing the sludge. 


23213. Should the heavy (road detritus, ete.) portion 
of the suspended matter in sewage be removed as a first 
operation, or do you think it better and more econo- 
mical to let everything settle in the tanks, and subse- 
quently to screen the sludge?—We arrest the road 
detritus in silt pits before the sewage enters the tanks. 


93214. What is the manurial value of your sludge, and 
will: farmers take it ?—Practically speaking, it has no 
manurial value. The farmers wiil not take it. 


23215. Are there any chemical poisons in it?— 
Practically, none. 

23216 Do you find any nuisance from the treatment 
of sewage in chemical precipitation tanks? Have any 
complaints been made ?—We do not find any nuisance, 
and no complaints have been made. 

$3217. Have you any reason to think that sewage 
from which the solids have been removed by the aid of 
chemicals is less easily purified by subsequent filtra- 
tion than sewage from which the solids have been re- 
moved by settlement or by sewage through septic 
tanks?—The Salford sewage is best precipitated by 
chemical treatment. 

23218. Have you tried various chemicals? Can you 
give any comparative data on the practical value and 
cost of different precipitants for the preliminary treat- 
ment of sewage, stating whether you are referring to 
the precipitation of strong or of weak sewage ?—We 
have tried many systems of sewage purification, and 
combinations of chemicals. The best and most econo- 
mical results have been obtained by the use of lime 
followed by salts of iron. 


23219. What is the most effective way of. adding 
chemicals?—By adding the lime as milk of lime and 
the copperas afterwards, in solution. 


23220. What is the character of the suspended matter 
in the liquor from your precipitation tanks ’—Organic 
matter, 472; silica, 101; iron oxide, 158; alumina, 
34; lime, 12'°2; copper, 1°1. 

23221. Do you find it necessary to add further 
chemicals to the sludge before it can be dealt with ?— 
No ; the sludge is sent to sea. 


93222. Have you had any experience with septic 
tanks ?—No. . 

23223. Do you think it desirable that the suspended 
solids in sewage should be removed as far as practicable 
before sewage is filtered? If so, what do you consider 
a practicable limit to get down to? Kindly give the 
figure in parts per 100,000 ?—Yes ; I consider 1°5 parts 
per 100,000 a practicable limit. 

23294. How do you consider that. this can best be 
done?—By passing the sewage through roughing 
filters consisting of three feet in depth of gravel. 


23225. Have you any experience of any mechanical 
device or any special tanks for freeing tank liquor if 
suspended matter before delivering it to filters /—Yes. 
We have for many years tried experiments with rough- 
ing filters formed of graded gravel and coarse sand, 
and have found it practicable to remove about 75 per 
cent. by these means. 


23¢26. What other, if any, method of dealing with 
tank liquor before delivering it to filters do you regard 
as necessary or advisable ?—I do not consider that any- 
thing else is necessary. 

93227. May I ask you to put before the Commission a 
full statement of your views as to the comparative cost 
and relative advantages of the various methods of settle- 
ment ?—We have tried many experiments with settling 
tanks, and though various systems sometimes pro- 
duce almost identical results, I think the balance is 
slightly in favour of continuous flow rather than 
quiescent settlement. In a given size of tanks preci- 
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cient than settlement without chemicals, either for 
producing good tank effluent or as a preparation foy 
aerated filter beds. I speak of our own case, where 
sludge can be disposed of by shipping to sea at about 
9d. per ton. 


23228. With regard to contact beds, is it advisable to 
construct the whole or any part of the interior of build- 
ing materials, or may you in some cases dispense with 
this entirely ’—We have not used contact beds at our 
Salford works. 


23229. Can you tell us whether, within certain limits, 
the depth of contact beds may vary without affecting 
their efficiency? If so, what limits do you think are 
permissible ?—I think that the limits of depth should 
be from 4 ft. to 8 ft. 


_ 23230. What do you consider is the most convenient 
size for a contact bed ?—Five feet deep. 


23231. What do you consider to be the best filtering 
materials? What is the material (which can be had in 
practicable quantity) that, while efficient, is, in your 
experience, the least disintegrable in a contact bed ?— 


Crushed clinkers about a quarter of an inch in dia- 
meter.” | 


23232. What size should the filtering material be, and 
should it be graded in the beds ?—Three-quarters of an 
inch graded to one foot of two inches at bottom, 


23233. How should the bottom of the bed be con- 
tructed ?—With perforated tiles. 


23234. Do you think it generally desirable that sew- 
age should be subjected to some form of tank treatment 
before it is put on contact beds ?—Yes. 


23235. Have you had any experience of the working 
of contact beds ?—No. 


23236. With regard to continuous or percolating 
filters, what-do you find are the best filtering mate- 
rials; and what size should the material be ?—Clinkers, 
5-16 to # inch, 


23237. What depth should a percolating bed be to 
obtain. a good effluent ?—Five feet. 


23238. Do you think it generally desirable that sew- 
age should be subjected to some form of tank treat- 
ment before itis put on percolating filters ?—Yes. 


23239. Is the material better disposed in the form of 
two beds, to be fed in succession with the same liquid, or 
in one deep bed? -In two beds, one roughing and the 
other final. 


23240. How should percolating filters be fed ?—By 
mains or jets from the roughing tilters. 


23241. Should the feed be intermittent or continuous ? 
—Intermittent ; working two hours and resting two 
hours. 


23242. What is the best form of-distribution? What, 
in your opinion, are the conditions which have to be ful- 
filled by a perfect distributor, having regard not merely 
to the distrioution of the liquid itself, but also to the 
purification of the liquid and the. life of the bed 7—With 
ample fall available, I prefer distribution by spray jets. 
Where the fall is limited, I should prefer revolving 
sprinklers. 


23243. Do you think it best to put on the filter a fairly 
constant amount of liquid, or do you consider that the 
amount can be increased in times of storm without im- 
pairing the efficiency of the filter or-the quality of the 
effluent ?—A constant amount of liquid should be put 
on the filter. The amount should not be increased in 
time of storm. 


23244. Is there any practical advantage in artificially 
heating the liquid which is being treated upon percolat- 
ing filters?—There might be some advantage. 


23245. Have you had any experience to show whether 
open sides are an advantage to a percolating filter ?— 
Yes, they are an advantage. 


23246. Have you made any study of the conditions of 
aeration of percolating filters ?—Yes. 


23247. What do you consider is the most convenient 
superficial area for a percolating filter?—-With fixed 
sprinklers on square shaped filters the superficial area 
is immaterial. 


23248. Do you think it desirable that the bottom of a 
percolating filter be raised from the ground ?—Yes. 


3 H 2 
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23249. Do percolating beds, in your experience, 
choke? If so, have you been able to measure the rate 
of choking, and how do you suggest that this choking 
can be removed, and at what cost?—If properly made, 
these beds do not choke. 


23250. Of what nature are the suspended solids in the 
filter effluent? How much is organic matter, and are 
they putrescible apart from the liquid portion of the 
efluent?—The quantity of suspended solids in the 
filter effluent is about 1 part in 100,000. Ten per cent. 
of itis organic matter. It is not putrescible. 


23251. To what extent do you find that the organic 
matter of the suspended solids issuing in the effluent 
from a percolating filter is different from the organic 
matter of the suspended solids going to that filter ?—It 
is not very different. 


23252. Have you any experience of, or any sugges- 
tions to make on, the settlement or other separation of 
the suspended solids issuing from a percolating filter, 
and to what minimum figure do you think such settle- 
ment or other final treatment can be carried as a prac- 
tical measure?—'lhe amount of suspended matter is 
insignificant. 


23253. Do you find that the suspended solids in 
your filter effluent vary much in amount from time to 
time, and, if so, can you explain the causes of such 
variation ?—No, it does not vary very much. 


23254. What was the cost of your percolating bed in- 
stallation per acre, and how much liquid do you treat 
per acre, per 24 hours, at ordinary times and in storm 
times? Please give the depth of the filter and an aver- 
age analysis of the liquid which you put on and an 
average analysis of the effluent when working at the 
ordinary rate and when working at a greater rate in 
storm times. In each case I should like you to give the 
figures for suspended solids, if you have them ?—The 
cost was about 22s. per square yard. The filters are 
5ft. deep. The average analyses of the tank effluent 
going on the filters and of the filtered effluent are :— 


Tank Filtered 
Effluent. Effluent. 
Parts per 100,000 
Four hours oxygen absorbed - 4-7 “69 
Free ammonia - - a=W alee -60 
Albuminoid ammonia - - 448 “127 
Nitrogen as nitrates and 
nitrites = 3 - - “172 1-651 
Suspended matter - - = ao 86 
Chlorine : 2 = a de eik 13:6 


23255. Have you made any experiments which throw 
light on the action of percolating filters, with regard 
to the oxidation of (a) the ammoniacal and organic 
matter in solution, and (b) the organic matter in sus- 
pension ?—No. 


23256. Have you evidence to show that ammonium 
salts and organic substances in solution, not of a col- 
loidal nature, pass rapidly through a percolating filter, 
or that they are first absorbed by the filtering material 
or by growths on that material, so that their passage 
through the filter is a very gradual one?—I have no 
evidence on this point. 


23257. Have you observed the effects of changes of 
atmospheric temperature on the working of a percolai- 
ing filter?—No; but I think the higher the tempera- 
ture the better is the effluent. . 


23258. Have you found any trouble from vegetable 
growths in percolating filters? If so, have you been 
able to form any opinion as to the causes of these 
growths and as to the way in which the growths can be 
prevented ?—We have had no trouble with our filters. 


23259. Do you find any nuisance from the treatment of 
sewage on percolating filters? Have any complaints 
been made ?—No. Now and then in hot weather there 
may be a little odour. 


23260. I gather that you are unable to pive anv evi- 
dence as to the comparative cost and relative advan- 
tages of percolating filters and contact beds?—I have 
had no experience with contact beds. 


23261. Have you had any experience of storm water 
filters ?—No. 


23262. Have you any practicgl suggestions to make for 
disposing of sludges ?—In our case all sludge can be 
most cheaply disposed of by shipping.to sea. Under 
other circumstances I should advise the use of destruc- 
tor furnaces. 
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23263. Do you find that some methods of disposing 
of sludge are more likely to cause nuisance than others? 
—Yes. 


23264. What, in your opinion, constitutes a good » 
effluent ?—One that does not undergo secondary de- 
composition, and which will not injure the stream into 
which it is run. 

23265. What test or tests do you cheifly rely upon 
in judging of the quality of an effluent, and for 
what reasons ?—Oxygen absorbed from permanganate 
in four hours, and incubation for seven days from 
70° F. to 90° F. If the effluent absorbs much oxygen 
in three minutes and four hours, it will certainly dis- 
solve the absorbed oxygen from the steam into which 
it is discharged, and in this way have a polluting effect. 

23266. Have you tried the “aeration” test, i.e., the 
rate at which dissolved oxygen is taken up by an 
effluent !—Yes, and I think it a very good test. 


23267. Is one standard for all effluents passing into 
non-potable streams possible and desirable, and, if so, 
what should it be?—Yes. I consider the standard 
adopted by the Mersey and Irwell Joint Committee to 
be a good and desirable one. 

23268. What amount of suspended matter would you 
allow in an effluent, and what are your reasons ?—From 
1 to 3 parts per 100,000. I have come to this conclu, 
sion after much experience. 


23269. What is your experience of the effect of storm 
water upon filters of various sorts ?—I have had no ex- 
perience of that. 

23270. How far do you consider it advisable for a 
sewage installation to be worked automatically ?—Auto- 
matic working is preferable. 

23271. Have you made any systematic observations. 
as to the effects of discharging effluents of known 
volume and known composition into ditches, canals, 
proge or rivers of approximately known volume ?— 

0. 

23272. Could you make*a short statement setting 
forth the values you attach to the different chemical 
tests in use for determining the qualities or conditions 
of sewages and effluents, and giving your reasons ?— 
The absorbed oxygen and the albuminoid ammonia 
tests are, I consider, quite sufficient. 

23273. What are your views with regard to the 
quantitative determination of the “strength” of a 
sewage, tank liquor, etc. ?—According to the amount 
of chemicals it requires to purify 1,000,000 gallons. 

23274. I would just like to ask on Question 23173 how 
are the contents that come from the pail closets and. 
middens disposed of ?—They have got a refuse destructor. 
The greater part of the refuse is taken to this destructor 
and burned. 


23275. Is it taken by municipal authority ?—By muni- 
cipal authority ; yes, by carts. 


23276. And destroyed as refuse by a destructor ?—As: 
refuse. 


23277. And that is probably done without any nuisance 
at all ?—Without any nuisance. 


23278. On Question 23186, the figure 564°3 parts per 
100,000 seems very large; was there any exceptional — 
reason for it ?—It is simply this, that sometimes the 
sewage gets very low and the pumps are working and 
pumping up the sludge. It is only now and then that 
that occurs. 


23279. (Sir William Ramsay.) A comment strikes 
me as regards your answer to Question 23175, that the 
maximum dry weather rate of flow is 14,000,000 gallons 
per day about 3 p.m. ; is that not rather a late hour for 
that ; generally it is earlier in the day ?—We always notice 
that there is more just about that time. 


23280. Is it explained by trade effluent or something 
of that kind ?—Oh, yes, trade effluents ; of course, that. 
does not apply to Sunday. 


23281. In answer to Question 23184, yousay that no rules 
are enforced ; are there any rules framed ; is no attempt 
made to enforce them ?—No, not any particular rules ; 
of course, if we know that there is any very great amount. 
of solid matter going into the sewers, we stop it, because 
we make the manufactnrers have a catch pit, and we have 
arranged that the corporation shall empty these catch 
pits and take away the sludge free to the manufacturers. 
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‘23282. You say you make them put in a catch pit ; 
that sounds as if there was some rule after all ?7—Well, 
I do not think it is a hard and fast rule exactly. 


23283. It is simply that you have come to an arrange- 
ment with the manufacturers ?—With the manufacturers ; 
they are, I believe, more obliging, because we have 
offered to take this solid matter away free of any expense 
to them, and I think it is more because of that that they 
have agreed to do it. 


23284. Question 23187 deals with the composition of 
the solids; you have 12 per cent. of oxide of iron ?— 
Yes, Sir. 

23285. The Manchester sewage I think has 18 per cent., 
does that come from pickling works ?—No; of course 
we use copperas sulphate of iron for the precipitation. 


23286. It is your own sulphate of iron ?—It is our own 
sulphate of iron, yes. : 


23287. Are there pickling works in Salford ?—No, I do 
not think so. 


23288. So it is all your own adding ?—All, yes. 


23289. You say that the strength of sewage as affect- 
ing purification is best expressed by stating the percentage 
of purification derived from the oxygen test; which 
oxygen test ; permanganate ?—Yes; the four hours test. 


23290. Not the absorption of oxygen ?—No, no; the 
permanganate test. 


23291. Have you tried the absorption test ?—Yes, 
I have tried it. 


23292. Do you think it gives good results ?—Yes, very 
good results; indeed the only reason we keep to this 
oxygen test is because the Mersey and Irwell Joint Com- 
mittee always use it; so we have agreed to do it accord- 
ing as they do it; that is why it is done. 


23293. In answer to Question 23198, towards the end, 
your reply strikes me as somewhat conjectural ; I should 
like to ask if you have practical experience of the working 
- of storm filters. I mean, for example, you say “In dry 
weather the beds would work.... I think that in our 
_ ease the best provision would be large reserve tanks ; ” 
it sounds as if you had no practical experience ; have you 
had any ?—No, the works are not completely finished, 
and whether the Corporation are going to put up the 
storm filters is not known, but our engineer says that 
the filters that we have got down now are sufficient to 
deal with the storm water. 


23294. Yes; so that you have not any actual experi- 
ments to deal with this subject ?—No, not actual experi- 
ments. 


23295. To Question 22200* you answer “‘ No.” Itis a very 
short answer to rather a long question; have you any 
reasons to give ?—Well, I could not say I have got any 
experience on that. 


23296. In answer to Question 23206, you state that the 
separate system has great advantages for all scantily 
populated areas; and for town areas the combined 
system is always preferable. Could you explain that a 
little ; give your reasons why ?—Well, the only thing I 
should say about the town system is because of the enor- 
mous expense it would be to make any alteration now ; 
they could not make any alteration at the present time in 
Salford ; they could not possibly do it. 


23297. That is all ?—That is all. 


23298. It does not mean that the ideal state of things 
would not be a separate system of sewers for the towns, 
- but merely the practical fact that the towns cannot stand 
the expense ?—No, those who have got a sewage works or 
a drainage laid out now could not. 


23299. In answer to Question 23209 you say, ,“‘ The 
sewage of Salford cannot be purified without chemicals.” 
Is that the result of experiment or of general opinion ?— 
No, that is the result of experiment. 


23300. Can you give the reason why it is so ?—Well, 
because we have so much dissolved impurity in the sewage 
and we tried for a fortnight, especially a fortnight without 
chemicals at all, and of course the effluent was not fit to 
run into the Ship Canal. 


93301. That is after mere sedimentation ?—That is 
after mere sedimentation, passing through the tanks. 
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23302. You have not tried septic tanks on the sewage ? Mr. J. Carter 


—No, we have not; on our own system we could not 
do it. : 


23303. That means that chemical precipitation is better , 
than sedimentation ?—Yes, but what we do think is this, 
that if we were not to put so much effluent on our filters, 
and were only to put half or quarter the quantity, we 
think we could do without the chemicals; but at the 
present time our filters are not large enough to take it. 


23304. Have you a reason why you prefer to use settle- 
ment tanks in parallel—in answer to Question 25210 ?— 
No, it is simply that these tanks were built about 20 or 
25 years ago, and economy of room. 


23305. What composition has your sludge ?—I give it. 


23306. You say that farmers do not take it ?—Well, 
to begin with we have tried it upon ground of our own 
and it does not seem to answer; our manager has got a 
very large garden there and he will not use it; he 
says it destroys everything; he cannot grow anything 
there, and we have no farmers in the neighbourhood that 
would come and take it away. 


23307. Is that due to the presence of copper? In 
answer to Question 23187 you put down 1 per cent. of 
copper, which is very high ?—That is on the dry sludge. 

23308. That is true, but still it is very high, is it not ?— 
It is rather high; I do not say that occurs every day ; 
we are not, of course, analysing the sludge every day ; 
I have the samples taken and an average sample; and 
we have got some very large dye works in Salford that 
use about, I think, a 1,000,000 gallons of water, and I 
think this copper comes from them. 


23309. Do you think the presence of copper is why 
it does not act as a manure ?—No, I do not think it has 
anything to do with it; it is only this, that the amount 
of nitrogen is so small and the amount of phosphoric acid 
is so small; and then we have no means of drying the 
sludge either ; the farmers will have to take it away with 
90 per cent of water in it. 


23310. In answer to Question 23215, there are practically 
no chemical poisons in it; you exclude copper, I suppose. 
because there it is ?—Yes, because I do not consider 
that belongs to the category of poisons: it is only when we 
have analysed that we have found these traces of copper. 


23311. Is there any arsenic in it ?—Well, that we have 
not gone into. 


23312. Are there any houses near your works ?7— 
Oh, yes, one side, surrounded with houses; well, there 
are houses within a quarter of a mile. 


23313. No complaints have come to you from the 
houses ?—About sewage works ? 


23314. Yes ?—Well, I would not like to say no com- 
plaints, because we have a vast amount of sludge there 
and certainly there is an odour from the sludge ; but now 
there are tar works close to our sewage works and they 
make really a worse smell than the sewage works. 


23315. In-answer to Question 2° 223, you say that you 
can manage to get the suspended matter down to1*5 parts 
per 100,000; that is a very low figure ?—That is the 
suspended matter; oh, yes, we are getting that down. 
I have got some experiments here; we are just trying 
a special set of experiments now, and the suspended 
matter is 1°8. 


23316. It is very low ?—And 1:3. We are just trying 
also a special set of experiments for the settlement of the 
guspended matter, and we are giving a month to each 
trial, and I have got some results here where the average 
suspended matter for the month has been 2°4; 3; 2°3; 
29; 5; and 2°6. 

23317. Very low on the whole. What is your pre- 
cipitant ; I do not remember ? —Lime and copperas. 


23318. And a very large amount of copperas ?—We 
use about five cwts. to the million gallons. 


23319. And then I presume the copperas oxidises 
before you have done with it. Is there enough dissolved 
oxygen in the sewage to oxidise the copperas ?—No, 
we add lime to it to precipitate it. 


23320. But the ferrous oxide, is it oxidised before it 
reaches the filters ?—Oh, yes. 
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23321. Wholly oxidised ?—Yes, I may say we do not 
find any iron in the effluent after what I call the tank 
effluent. 

23322. And is it a yellowish precipitate or greenish ? 
—No, yellowish ; it is the ordinary oxide of iron. 

23323. It is all ferric, in fact ?—Yes. 

23324. How often do the roughing filters to which you 
allude in Question 25225 require cleaning ?—Well, every 
two or three months. I may say that is the béte noir 
of the system. We find more difficulty with these rough- 
ing filters almost than anything we have got to deal with ; 
these roughing filters gradually get blocked up and 
will not filter enough of the sewage to go on to the final 
filters ; and then the gravel, etc., has to be taken out and 
well washed. That ought to be done every three or four 
months. 

23325. Then these roughing filters come before your 
chemical precipitation ?—No, after. 

23326. After the chemical precipitation ?—After; the 


roughing filters come after the effluent has.passed through 


all the tanks. 

23327, Then in answer to Question 2 252 you give the 
size of the filtering material ; that is very fine; I suppose 
you regard the roughing filters as having made it possible 
to use such fine materials for your subsequent filtration ? 
—Yes, it has. 

23328. There are several questions: 23236, 23237 
2°238, and soon; you give answers to the questions, 
but do not base the answers on any statement as regards 
experience. May I just go through these ; have you tried 
any other material besides clinkers ?—Yes, we have tried 
coke; but, of course, we have had this polarite down there ; 
we have tried that and various things. 

23329. Is the clinker the refuse from the destructors ? 
—Yes, it is. Of course, it is clinkers that we use; we 
take it from anywhere; the destructor would not supply 
us with the quantity that we require, so we are obliged 
to contract with people at so much a ton to bring their 
cinder to us; then we take these clinkers and we bring 
them up and grade them, sift them, and so on, and then 
put them into the filter. 

23330. Have you tried percolating beds of different 
depths from 5 feet ?—Yes, we have tried 1, 2, 3, 4, 5, and 
8 feet. At the present time the majority of our beds 
are 5 feet, and we have got two special ones of 8 feet; and 
of course we find the 8 feet give better results than the 
5 feet ones. 

23331. But not proportionately better 7—Well, if you 
will allow me: I have got a report here upon that very 
question. It is a report I made to the Corporation ; 
a comparative report upon two experimental filters, the 
5 feet and the 8 feet; I say No. 1 filter was filled with 
5 feet of cinders, No. 2 with 8 feet; the object of the 
experiment was to ascertain which would give the best 
effluent after passing the roughing filters and the final 
filters. The two filters were worked for 23 months. The 
standard of purity is that 100 gallons should not require 
more than 100 grains of oxygen to oxidise the organic 
matter ; of course that is one grain of oxygen; therefore 
the standard is 100; or in other words, all effluents above 
100 are not good; and below 100, the lower the number 
the better is the effluent. Thus, for example, the effluent 
which has a number of 30 is better than ore of 60. and 
the latter is better than one of 90. The following figures 
give the daily average number of oxygen required for 
four hours for each month, the filters having been worked 


daily. 

Five-feet Eight-feet 
Filter. Filter. 
Oxygen in Date. Oxygen in 
grains for grains for 
100 gallons 100 gallons 
114 May 1900 57 
109 June “% 79 
125 July i 127 
112 August 4; 1138 

63 September ,, 54 

61 October ~ 45 
145 November ,, 103 
152 December ,. ,, Ill 

Then in 1901 :— fi ! 

126 January 1901 108 
189 February _,, 149 
187 March a 17z 


90 April E 83 
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Then in May and June the filters were stopped for 


cleaning, and then we jump from April to July. Now, 
this is after the filters have been cleaned :— 

Five-feet Eight-feet 
Filter. . Filter. 
Oxygen in Date. Oxygen in 
grains for grains fer 

100 yallons 100 gallons. 
66 July 1901 61 
68 August s 58 
70 September ,, 86 
70 October A, 71 
61 November ,, 73 
83 December ,, i ie 
93 January 1902 62 * 
124 February ,, 79 
147 March - 88 
107 Ap ‘il 63 
147 May - 83 


The average number for the twenty-three months is :— 
109 for the five-feet filter ; 87 for the eight-feet filter. It 
must not be forgotten that in the early days of the filters, 
the five-feet had more work to do than the eight-feet 
filter. Thus, in May, 1900, the five-feet filter had con- 
siderably more effluent passed through it than the eight- 
feet. This was altered in July, 1900, when the eight- 
feet was made to work sixteen hours against ten hours 
for the five-feet filter. Certainly the eight-feet does 
show a better effluent in the average than the five-feet, 
but the question is whether the eight-feet is worth the 
extra expense. I think not. My opinion is, that. it 
would be better to make extra filters and pass a less 
quantity of effluent. | 


23332. You appear not to have worked the filters quite 
continuously ; you gave them periods of rest each day ? 
—WNo, the way we work them now is, two hours work 
and two hours rest. 


23333. It is still continuous filtration ; it is not con- 
tact filtration; you do not fill the beds and empty 
them ; but you let the liquid drip through ?— That is it; 
of course we have something like about sixteen to 
eighteen filters ; then one is working while the other is 
resting, and so on alternately. 


23334. But do you not find it is sufficient to allow 
the air which is carried through by the percolation to 
act; would that not be sufficient; must you rest your 
filters, because many percolating filters go on continuously 
day and night ?— Yes, we had some about three or four 
years ago working without stopping at all;- but they 
were eight-feet filters, and they answered admirably ; 
but our manager seems to think that it is a better way 
to let them rest. 


. 23335. Is it customary to let them rest; I do not 
remember that filters of this kind are used intermittently : 
I may be wrong; perhaps Mr. Willis will know ?—I 
think there is generally a period of rest ; but ours spray 
—just like a fountain; we have got fountains—and it 
sprays it all over the filters. 


23336. (Secretary.) I should say it is somewhat ex- 
ceptional, the way they are worked at Salford. (Mr. 
Frye.) It is usual to give a period of rest going through 
fine material. os 


chy 

23337. (Colonel Harding.) I was going to suggest the —— 
reason of the exceptional treatment at Salford is because 
you ere using very fine material ?—Yes. 


23338. And you find in practice that if you continue 
to feed at the rate you do for more than two hours you 
get pooling on the surface ?—That is it. 


23329. And you are obliged to interrupt and allow what 
is in.the filter to drain oft and go on again ?—Yes. 


23340. That is a circumstance due to the special 
character of the material ?—Yes. 


23341. (Sir William Ramsay.) Then that again shows 
the reason for your answer to Question 23243; “A constant 
amount of liquid should be put on the filter, which should 
not be increased in time of storm.” I suppose you 
cannot do it ?—You mean we cannot put more on the 
filter ? 

23342. You would pond your filters if you tried to 
increase it ?—We are increasing the filters, making more 
filters. 
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23343. I mean, supposing you tried to feed each filter 
with a larger quantity of effiuent ?—We find it does not 
answer; the oxygen test goes up directly if we put too 
much on. 


23344. And do the filters 
eall pool. 


23345. You speak of open sides as being an advantage 
to a percolating filter. Have you any experiments to 
test this ?—No, I cannot say that we have done so, but 
we went to see some at York where they had open sides ; 
the Committee wert there, and they told us that they 
were a very, very great advantage, the open sides; 
but ours are not open sides. 


23346. Were they some small filters at York ?7—No, 
I should not call them small; they were circular filters, 
I should think 20°or 30 feet across. 


f 23347. Have you ever estimated the oxygen in the 
interior of these percolating filters of yours or not ?— 
No, we have not. 


23348. You do not know whether the oxygen is tully 
absorbed ?—No. 


23349. You stated in answer to Question 22249 that if 
percolating beds are properly made they do not choke. 
What do you mean by properly made—properly graded ? 
—Properly graded, yes; you must not have a lot of very fine 
stuff in it. 

23350. And you are referring to a well-settled chemical 
effluent ?—Yes. Well, our No. 1 and No. 2 filters I 
should think have been in use now for three years, and 
we find they work just as well now as they did the first 
day they were put down. 


pond ?—Yes, what we 


23351. How do you test for putrescibility in the liquid 
portion of the effluent ?—The incubation test. 


23352. And you find it is not putrescible ?—No. 


23353. The answer which you have just given me and 
the answer to Question 23251 look a little contradic- 
tory: “the suspended solids issuing from the effluent of 
the percolating filter are different from the organic matter 
of the suspended solids going to that filter.” The one I 
suppose putrifies and the other does not ?—No, what 
comes out of the final filter, the effluent, the suspended 
matter; well, it contains perhaps rather more organic 
matter than what goes on. I look upon it that it is 
merely washing; there is a kind of what I may call a 
scum of sewage fungus there, and every now and then it 
seems to wash it out. 


23354, Yes, but the point is this. Supposing you 
were not to filter your chemical effluent, would it putrify ? 
—Oh yes, it would ; oh, it would indeed. 

23355. But then surely that would show that the 


suspended solids in the one case are different from the 
other ?—Of course, there is the soluble organic matter. 


23356. You think it is that that putrifies; not the 
solids so much ?—I do not think the suspended matter 
has anything to do with it. 

23357. How do you distribute on the filters ?—By 
tLe spray; what we call the spraying jets. 

23358. Do they rotate ?—Oh no, they do not rotate ; 
it is simply a lot of iron pipes cover the filters, and at 
distances of about perhaps two feet there is a little jet 
like a fountain, and then it sprays all over it, just like 
you water a lawn. 

23359. Do the holes not stop up ?—No, we have not 
found them do so. 

23360. You say you do not require special treatment ? 
—No, we have worked these for three years, and we have 
no trouble with them. 


23361. Have you much head ?—About four or five 
feet, Oh, we have had no trouble at all with the stopping 
up of the holes. 


23362. I suppose you think the Mersey and Irwell 
standard is a good enough one ?—I should consider very 
good indeed. 


23363. You do not wish it to be altered ?—We conform 
to it with our filtered effluent; our filtered effluent is 
generally about half a grain of oxygen. 


23364. In answer to Question 23268, you suggest from 
one to three parts of suspended matter might be allowed 
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in the effluent per 100,000, and you have come to this Mr. J. Carter 


conclusion. after much experience. Could you give us 
the kind of experience ?—Well, the experience we have 
got from our final effluent which passes into the Ship 
Canal; there is always some fine sediment in it. I do 
not think it is possible that you could produce a filtered 
effluent, and a good effluent, without some small sxs- 
pended matter. 


23365. And you consider that amount is of no con- 
sequence ?—Oh, I do not think so at all. 


23366. Is your filtration automatic; do these sprink- 
lers go on of their own accord, without any attention ?— 
Oh no, they have to be attended to; the man has to 
turn the. effluent on for several hours. 


23367. At considerable intervals you run them off ? 
—Two hours, and two hours rest. 


23368. That, of course, could be done automatically 
if you wished ?—And it is in some places done automati- 
cally. 


23369. Do you find that the albuminoid ammonia 
test gives the same result as the oxygen absorbed test 
with your effluent ?—Yes, it is generally about 0°] in 
the 100,000, and even sometimes a little less, but it is 
generally about 0-1. 

23370. And they run parallel ?—They run parallel, 
and then the oxygen we expect to find about 0°5 to 0°6: 
I should expect to find it. 

23371. Really they are the same test, are not they. 
The estimation of albuminoid ammonia involves the 
use of permanganate, and it is all one whether you esti- 
mate the ammonia that is produced or the permanganate 
that is used; is it not so ?—Do you mean it is the same 
test ? 

23372. Really the same test, because in both cases 
you employ permanganate ; in the one case you estimate 
the ammonia which is distilled over, and in the other 
case the permanganate which is used up ?—Yes. 

23373. Taney do not always run together, but in your 
case they appear to run together ?—Practically speaking, 
of course I sould be very much surprised to find a high 
albuminoid ammonia and a very low oxygen; I should 
be very much surprised; in fact I hardly know of such 
a thing. 

23374. Would that not shew that there are no 
reducing agents in your sewage ?—Exactly so; oh, yes. 
There is this to be said, that sometimes we get a little 
tarry matter into the effluent, such as a little carbolic 
acid, and of course it raises the oxygen test at once; and 
that is why it is not always safe to go upon the oxygen 
test, and it would not be right to condemn the works 
simply because the oxygen test was very high without 
looking further into it. I know I have had a case from 
Redditch—I think Calvert’s works are there—where the 
effluent is generally very high in oxygen, but that is due 
just to a little carbolic acid. 


23375. And of course that would not be shewn in the 
albuminoid ammonia test ?—It would not be shown ; no. 


23376. Your suggested measure of the strength of a 
sewege or tank liquor is unusual; “the amount of 
chemicals which it requires to purify 1,000,000 gallons.” 
That, suppose, is based on your own special experience ? 
— Exactly so ; the more chemicals, of course, that are used, 
the better effluent you can get. 


23377. Have you been experimenting on the amount 
of chewicals required; have you varied that from time 
to time ?—Yes, we have tried that for ten or twelve years. 


23378. And you are working with less quantity ?—We 
are working with less quantity. 


23379. (Major-General Carey.) The dry weather flow, 
based on water supply for all purposes, is 4,630,000, your 
population 231,000, and your number of gallons of water 
supply per head is estimated at 20 gallons, 15 for domestic 
and five for trade ?—Yes, that is right. 


23380. Based on water supply, the dry weather flow 
works out at 4,630,000 ?—Exactly so. 


23381. But your recorded flow is 8,000,000—Question 
23174 ?—Yes. 


23382. The dry weather flow that has got to be pumped 
up to the works amounts to 8,000,000 ?—Exactly so. 
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23383. And the difference is considerable, 3,369,000 
gallons per diem; is that due to subsoil water ?—No, 
it is due to works; we have got one works in Salford 
that I believe run a million gallons a day into the sewer 
—one works alone. 


23384. I do not quite understand; how do you make 
up the difference? You have got three millions and 
odd gallons to account for ?—Of course there will be sub- 
soil water, and these works that I speak of that send in; 
it is a most difficult thing to gauge the quantity from 
these works—a most difficult thing. 

23385. (Sir William Ramsay.) Have they private 
wells ?—Yes, private wells. 

23386. (Major-General Carey). Question 23198; have 
you formed any estimate as to the probable cost of pro- 
viding large reserve tanks to hold, say, one day’s storm 
flow ?—No, I have not done that, but it would be some- 
thing very, very great. 


23387. Would it be very considerable ?—Very con- 
siderable. I do not think our Corporation would entertais 
such a thing at all. : 


23388. At the same time you think it would be the best 
provision to make ?—It would be. 


23389. As to the distribution of .the tank effluent 
on the beds at Salford, is any nuisance caused by such 
a distribution ?—I cannot say exactly there is very, 
very much nuisance. In warm weather there is certainly 
rather what I may call a strong odour of a peculiar kind, 
what I may call a sewage odour, from the spraying, but 
I do not think it reaches very far. 


23390. Have the sprinklers ever been affected by 
frost ?—Never. 


23391. Have you ever had sufficient frost to test them ? 
—Well, we have worked those sprinklers for three years. 
Of course this last winter has not been what I call a 
very hard winter, but still we have had three years you 
see. 


23392. The warmth of the sewage is sufficient to 
counteract the colder weather ?—Exactly; we have 
never had any difficulty from frost. 


23393. Question 23230; it is not quite clear to me why 
the depth of 5 feet is regarded as the most convenient 
for contact beds. Have contact beds of 3 to 4 feet in 
depth ever been tried experimentally in Salford ?—Well, 
of course we call ours filters, do you see. 


23394. Well, filters ?—Yes, filters. Yes, we have 
tried one foot, and two, and three, and four, and five 
feet, and we find that the five feet gives us as good results 
as any we have done. 


23395. Or better results ?—Better results than one, 
and two, and three feet. 


23396. One foot of course, is very shallow, but a three 
feet or four feet filter ?—Yes, better than that. 


23397. Because the deeper the filter the more expensive 
it is ?—Yes, exactly so; we have got two of these filters 
at 8 feet, and they give certainly better results that 
the 5 feet; the two at 8 feet deep give us better results 
than the 5 feet. 


23398. You say, of course, the limits, the permissible 
limits, should be from 4 to 8 feet ?—Then I go about 
expense. eas 





23399. You would put a 3 feet bed out of consideration 
altogether ?—Well, I should not put it out of considera- 
tion. If you would put less effluent upon it you would 
have to put, say, a quarter of the effluent, or half the 
effluent, that you are putting on the 5 feet bed. 


23400. (Colonel Harding.) Might I ask you, on the 
point that you are just now answering about the depth of 
beds, whether you have made any experiments to show 
that with a flow proportional to the depth you get better 
results with 5 feet deep than from 1 foot deep; in other 
words, suppose you had a bed 2 feet deep, and you passed 
through it only two-fifths of what you passed through a 
bed 5 feet deep, would you get similar or better results, 
or worse results ?—What I undergtand is, if you pass one- 
fifth of the effluent through 4 one foot filter, would 
you get the same results as passing five times the quantity 
through the 5 feet filter? 
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23401. Would you get the same, or a better, or a 
worse result ?—I have not gone very much into it, but 
I should say you would get about the same if you only 
lessened the test; in our case if you had 1 foot filters 
you would have to extend the area so very, very much. 


23402, But in saying that you get better results from 


the 5 foot filter than the shallower filter, did you mean 


at the same rate of flow 7—At the same rate of flow. 


23403. But that you would naturally expect, would you 
not ?—Yes, but sometimeswe get almost the same 1.sult 
through the 5 feet as we do with the 8 feet, 


23404. The question of the depth of the filter must 
be regulated largely by the question of levels, must it 
not ?7—Yes. | 


23405. If you have only a shallow depth, then you 
must feed the effluent more slowly through the filter ? 
Exactly so; yes. 


23406. But speaking broadly, at an equal flow you 
get better results from a deeper than from a shallower 
bed ?—Yes. 


23407. I should lke to ask you how you account 
for the considerable difference which exists between the 
water supply per head in Salford, which you tell us is 20 
gallons including all that is used for trade purposes, and 
the amount of dry weather flow sewage which comes 
to your works, which works out at 34 gallons per head?— 
Yes, it is put down, of course there is a large quantity of 
subsoil water. 


23408. Is that sufficient to account for that large 
difterence ?—Yes. I have heard it generally said, taking 
into account the trade effluents, the water thet is used 
in the manufactories. 


23409. In telling us that your water supply is 20 gallons, 
that includes, I believe, 15 gallons per head used for 
domestic purposes and 5 for trade purposes; that is 20 
altogether ?—Then of course there are the works that 
have wells of their own, and pump their own water. 
That does not apply to them. 


23410. Does that account for an important volume 
of water ?—Well, es I have just said, there is one works 
that gives a million gallons a day. 


23411. Your explanation of the difference is that 
it is due to subsoil water and independent sources of 
supply by private firms ?—That is it, yes. 


23412. The amount of sewage that comes to your works 
during the year is 3,355,000,000 gallons, you tell us in 
your answer to Question 23181 ?—Yes, that is so. 


23413. That is not greatly in excess of your dry weather 
flow ; only slightly ?—No. 


23414. I find that taking your dry weather flow at 


8,000,000 gallons per day, that works out at 2,920,000,000 
gallons ; and what comes to the works, the maximum is 
3,355,000,000 ; so that you are not receiving at the 
works much more than your dry weather flow ?—At 
the present time we have no means exactly of checking’ 
the storm water that comes. 


23415. It is evident that you do not receive much, 
because you see the maximum which is received at the 
works during the year is only slightly in excess of the dry 
weather flow ?—Yes, that is so. 


23416. Is that because your mains are not large enough 
to bring it, or is it because you discharge it by storm 
overflows ?—We have got storm overflows that go to 
the Ship Canal; they do not come into the works at all. 


23417. Is there any proposal on the part of your Cor- 
poration to deal with these storm waters ?—Yes, I believe 
at the present time, I think practically speaking there 
is nothing goes into the Ship Canal now; we are using 
the whole of it, but I could not say in the case of a heavy 
storm that we should filter the whole. 


23418. I am afraid I did not understand your answer ; 
you say you are using the whole of it—the whole of what ? 
—The sewage that comes to the works. 


23419. But, then, that is so slightly in excess of your 
dry weather flow that you cannot now be treating storm 
waters at all ?—No, the storm water would pass by the 
overflow. 
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23420. Does your Corporation propose to treat storm 
waters ?—Yes, I think they do; I think they intend 
doing so—that is why they are extending the filters. 


23421. What is the intention, then; is the intention 
to pass the increased flow through the precipitation tanks 
and then pass it over the filters ?—Exactly so, I may 
say that even now we are just erecting a pump that will 
lift, I believe, something like 25,000,000 gallons a day. 


23422. That would be about three more volumes ?—Yes, 
and we have got two pumps now that lift somewhere 
about 10,000,000 or 12,000,000 gallons a day, so that 
we shall be able to deal with the storm water overflow. 

23423. Well, we should be interested to know in what 
way you propose to deal with these storm waters ?—Just 
in the same way as we do now ; through the tanks, through 
the rough filters, and even then through the final filters. 

23424. Do I understand that during time of storm the 
flow through the precipitation tanks will be coasiderably 
increased ?—Exactly so. 

23425. Do you anticipate any difficulty from that ?— 
No, we do not, because that is why we are putting down 
this pump. 

23426. And you expect you will be able to increase 


_- the flow through your precipitation tanks to the extent 


of five more volumes ?—Yes. 


23427. And that you will not injure the results ?—We 
will not injure the results, no; we are extending the 
filters. 


23428. Let us confine ourselves for the moment to 
settlement tanks. Do I understand you to express the 
opinion that you may increase the flow through the precipi- 
tation tanks six times without injuring the results ?— 
Yes, because there will be so much storm water with our 
ordinary effluent that it will weaken it very much indeed. 
If you have got a quantity of rain water that you mix 
with the effluent, it must reduce the impurity very much. 


23429. I am to understand that you think the storm 
waters will be sufficiently dilute to permit of such rapid 
flow ?—Yes, that is it. 


23439. Without getting a bad result at the end ?— 
Exactly so. 


23431. Would you largely increase the amount of 
precipitants used ?—No, I do not think it would be 
necessary, because I should look upon it that the sewage 
would be so weakened that it would not be necessary 
to increase them. : 


23432. Possibly it might be at the end of many hours’ 
storm, but you would expect, would you not, during 
the earlier period of a storm that the sewage would not 
only not be weak, but probably would be considerably 
worse than the dry weather flow ?—Well, it would be 
worse in this way, that there would be more suspended 
matter, and the suspended matter would settle in the 
tanks as the effluent was passing through the tanks. 


23433. But is not the efficiency of settlement due 
largely to the rate of flow, and if you increase the rate of 
flow by six, will you not get inefficient settlement ?— 
Yes, you are quite right there, but then we have got ten 
tanks in all, and we should pass it then through ten 
tanks, whereas we are only passing through five at a time 
now. 


23434. Tell me whether the opinions you have ex- 
pressed to us are due to actual experiments or simply 
surmise as to what you expect will take place after you 
get your new pumps going ?—We have no practical 
experience. 


23435. You have not tried experiments in dealing 
with dilutions through times of storm with one of your 
tanks, for instance ?—No, but I have analysed the 
effluent of those dilutions—the suspended matter. 


23436. I may take it the storm waters do not reach 
you at all now, and therefore you have not been able to 
experiment ?—They reach us to a certain extent, but 
then they pass over this overflow into the Ship Canal. 


23437. Without having tried any actual experiments 
to guide you, you are under the impression that you 
will be able to pass six times the dry weather flow through 
your tanks without bad results ?—Well, that is the 
opinion of our manager and engineer, that we shall be 
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adls to do it. Taat is way we are putting down this 
pump to pimp the 25,000,090 gallons. 

23433. Well. let us move on to your roughing gravel 
filters. Would you at times of such dilution pass all 
that flow through those ?—It must go through; it would 
have no other way ; it would have to go through. 


23439. You said to Sir William Ramsay you had had 
a certain amount of trouble with those gravel tanks ?— 
Yes. 


23440. I did not quite catch what was the nature of 
the trouble 7?—Simply that they will not pass the quan- 
tity ; they have to pass something like 4,009 gallons. 


23441. They get choked ?—They get choked. 


23142. How often have you to wash them out ?— 
Well, p2rhap3 every four or five or six months. 


23443. Do you take the material out entirely, wash it, 
and replace it ?—Take the material out and wash it. 


23444. And replace it ?—And replace it. ; 


23445. And the cost is by no means prohibitive, is 
it 2—Well, of course it is a serious cost. 


23446. But itis a cost which you are prepared to under- 
take ?—Yes. ~g 

23147. Now what is the improvement brought about in 
your results by this process of roughing tanks; in 
other words, whit is the amount of suspended matter in 
your tank eflient a3 it leaves the precipitation process, 
and wnat is the inprovement brought about in it by 
this roughing gravel process ?—Well, these roughing 
filters remove about 59 per cent. of the suspended matter. 


23448. The roughing filters ?—These remove 50 per 
cent. of the suspended matter. 


2344). That is to say, that if for instance there are 
four pxrts per 100,000 in the precipitation liquor, it 
would be reduced to two parts after passing through 
them ?—Yes. 1 

2345). You really think that the process of passing 
the pr>cipitation effluent through gravel filters is worth 
carryiag out for the sake of that improvem>at 4—Oh, it 
is indsed, because up to the present time we have never 
had o1¢ of the final filters stopped, and if we had passed 
the tank effluent direct on to the final filters we would 
have had them stopped up exactly the same a3 we have 
had the roughing filter stopped up. 


23451. Then the reason really why this additional pro- 
cess of passing through the gravel filters is necessary at 
Salford is because you have fine material in your filters 
—Exactly so. 


23452. You tell us that in using these filters you work 
them two hours and rest them two hours ?—Yes. 


23453. That is absolutely necessary for their efficiency ? 
—yYes, we find from practice that it is so. 


23454. When you have b2en working for two hours the 
effluent begins to pool on the surface ?—Yes, we have 
tried filtering five or six hours at a time and resting 
four or five hours; wehave tried various ways of filter- 
ing; butwehave come to the conclusion that the two 
hours work and the two hours rest is about the best. 


23455. Have I gathered rightly from some of your 
answers, that the way you prop)se to deal with these 
storm waters is to work these filters for longer periods 
duriig times of storm ?—We should have to do it. 


23456. What about the pooling which arises at the’ 


end of two hours ?—I did not say that the pooling arises 
at the end of two hours ; the pooling arises more from the 
quantity that we put on. 


23457. The supposition is that in times of storm you 
are going to considerably increase the quantity ?—But 
then they are going to considerably increase the area of 
the filters. 


23458. To what extent ?—Well, we have just finished 
two more filters ; and they are talking of beginning two 
more again and tvo moreazain ; I cinnot say exactly — 
there has bven no settled number. 


23459. Our object in asking these questions is really 
to ascertain the practicability of dealing with these large 
dilutions upon percolating filters such as are used at 
Salford ; and I want t see how far you expect—as I take 
it you have no expe-ierc2 as yet upon that point—that 
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percolating filters ; to what extent you think you would 
be able to increase the flow ?—Well, as you say, of course 
we have no experience of the storm water ; we have never 
yet used the whole of the storm water ; we have had no 
means you see of doing it. 


23460. Are you unable to say to what extent ?—I could 
not; I should not like to say ; it would be mere guess 
work; what we think—— 


23461. Let me ask you this further; do you think it 
would be necessary to pass the storm waters over the filters 
at all if these storm waters have been efficiently settled ? 
—That is just the very point ; we do not think it would 
be necessary, that if we pass it through the tanks and 
through the roughing filter, we consider that that ought 
to be enough. 


23462. Then you do not anticipate really that you will 
have to pass the storm waters over these fine filters at 
all ?— Well, I think that they would pass a considerable 
portion through. 


23463. Well, I will leave that point ; and I should like 
toask you about the suspended matter coming out from 
these fine percolating filters. I gather thatitis very small 
in amount ?—Very small. 


23464. But then what goes on to the filter is also very 
small ?—Exactly so. 


23465. In tho analyses you give us in one of the answers 
you seem to omit the suspended matter; can you 
tell us what it 1s in the effluent going on to the filters ; 
what amount of suspended matter have vou ?—After 
passing on to the roughing filter ? 


23466. Yes ?—About two parts per 100,000. 


23467. And what comes out from the percolating filter ? 
—About half to one part per 100,000. 


23468. Quite asmall quantity? —Oh,exceedingly small. 
But we have to take a large quantity of the effluents really 
to get any good results with it. 


23469. You expressed an opinion in answer to Sir 
William Ramsay’s question that the suspended matter 
that did come out was largely organic?—A great deal of it 
was organic matter. 


MINUTES OF 


EVIDENCE, 


23470. One woula ne dispused co expect that it would 
be largely inorganic ?—Of course, it varies very much 
indeed ; there is no definite composition about the thing. 


23471. But do you not somewhere say that it is only 
about to the extent of 10 per cent. organic : in answer to 
Question 23250,—“‘ It is only to the extent of 10 per’ 
cent, organic ’» ?—“‘ The quantity of suspended solids 
in the filter effluent is about 1 part in 100,00. Ten per 
cent. of it is organic matter ; *’ yes. 


23472. Now, did you not rather suggest that the small 
amount of organic matter, such as it was, was due to the 
detritus of sewage fungus ?—Exactly so, which is a thing 
which rather varied ; we found it on analysis to vary at 
various times when there has been a large amount of this 
sewage fungus. 


23473. You do not think that such organic matter 
as there is, is the residuum of what went on to the filter, 
but is the production of the filter itself ?—Yes, it israther 
of growth. ‘ 


23474. Have you paid any attention to this question of 
growths in the channels of filters ?—No, only seen what 
itis about, the analysis of it ; the amount of organic matter 
in it. 

23475. Have you been able to form any opinion as to 
the wisdom or otherwise of using relatively coarse 
materials for percolating filters provided you have some 
subsequent process of settlement ; have you tried any 
experiments ia that direction ?—Yes, our roughing filters 
are really what we may call coarse materials; our 
roughing filters are coarse material. 


23476. Yes, but your roughing filters are not percolating 
filters ?—Yes, it passes through; the tank effluent 
passes through this. 


23477. It is streamed throwahi is’ it not ?—Well, it 
streams. 


23478. They are in efiect straining filters I flee anaes 
filters, yes. 


23479. But you have not, I gather, tried any experi- 
ments at Salford with coarse percolating filters 2—No, 
we have not. 
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Appendia to Evidence of Mr. J. Carter BELL. 


Tables showing average analyses of sewage, tank liquor, and filter effluents at 


Salford, January, 1903—December, 1904. 


PROCESS OF TREATMENT: 


Chemical Precipitation and Filtration through Percolating Coke Beds. 
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SALFORD. 
January, 1903. 

SEwaAGE.— 
Average daily flow ae gs - - 10,688,000 gallons - Rainfall - - -  ~- ‘078 inches 
Maximum daily flow, January 7th - - 13,890,000  ,, Wet. Haiofalle = - epee Amy ewe *A8Oe 
Minimum daily flow, January 17th = - =. * 7,025,000 7 4, - Rainfall = - - - Sie. he 

Average analysis of Sewage - - - - - - - 4hours, oxygen, 4'2 

Number of samples analysed for the average — - - . - 62 
PRECIPITATED SEWAGE. ~ 
Amount of Chemicals added ape ea ; - 13% ewt. per million gallons lime; 4% ewt. per million 

gallons—copperas. 
Amount of Sludge dealt with - - - -  - 8,610 tons. 
Average analysis of Tank Liquor - apa he - - 4A hours, Oxygen, 3°4; alkalinity, 2°5 ; suspended matter, 4°0. 
Number of samples analysed for the average -  - - 62 ‘208. 
‘ite. 

FILTERS.— | 
Amount treated on Filters during month = - - - 1,033,760 gallons. 


Number of hours during which Filters were at work - 208. 


Rate of filtration (gallons per cube yard of filtering 


material per 24 hours) - - - = 10°15. 
Average analysis of Final Effluent - - - - 3 minutes, oxygen ‘33; incubation ‘2; 4 hours, oxygen ‘67. 
Number of samples analysed for the average - = Wale 
Best analysis of Final Effluent. - . : - - Ahours, oxygen ‘46; 3 minutes, oxygen ‘2. 


Worst analysis of Final Effluent - - - - - 4 hours, oxygen 17 ; 3 minutes, oxygen 1°0. 


All results expressed as grains per gallon. 


J. Carter Bell. 


February 14th, 1903. 
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SALFoRD—continued. 


SEWAGE.— 


Average daily flow 
Maximum daily flow, February 21st - - 16,015,000 
Minimum daily flow, February 14th - - 7,515,000 
Average analysis of sewage - - - 


Number of samples analysed for the average 


PRECIPITATED SEWAGE.— 


Amount of Chemicals added - . = = 
Amount of Sludge dealt with - - . - - 


Average analysis of tank liquor - - - 


Number of samples analysed for the average 


FILTERS.— 


Amount treated on Filters during month - Alene - 
Number of hours during which Filters were at work - 


Rate of filtration (gallons 
per 24 hours), - 


Average analysis of Final Effluent, - . - - - - 


Number of samples analysed for the average - - - 
Best analysis of Final Effluent, February 23rd - 
Worst anal ysis of Final Effluent, February 6th ie 


March 12th, 1903. 


per cube yard of filtering 


10,810,000 gallons - 


February, 1903. 


Total rainfall - - - 2°578inches., 
i - Rainfall - - =) J=5 SOON 
ip - Rainfall = - = eho 003 '*,, 


4 hours, oxygen, 4°6. 
56. 


- 133 ewt. Lime and 43 cwt. Copperas per million gallons,._,. 
6,710 tons. 


- - 4 hours, oxygen, 30; alkalinity, 3°0;  sus- 
pended matter, 3°0. 


56. 220 


302,000 gallons. 


68. 


material 


3 minutes oxygen, ‘26; 3 minutes oxygen after 
7 days’ incubation, ‘19 ; 4 hours oxygen, “56 ; 
free ammonia, ‘23; albuminoid ammonia, 
‘09 ; nitrates, °87. 

- - 28. 


- - 4 hours, oxygen ‘29; 3 minutes oxygen, ‘13. 


- - 4 hours, oxygen 94; 3 minutes, oxygen ‘47. 
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SALFORD—continued. 


SEWAGE.-- 

Average daily flow He ae a 3 

Maximum daily flow, March 17th - - 17,570,000 
Minimum daily flow, March 8th - - - 7,675,000 


Average analysis of sewage - - 


Number of samples analysed for the average - °- 


PRECIPITATED SEWAGE.— 


Amount of Chemicals added - 2 = rs ‘ 
Amount of Sludge dealt with - © =. .  -. - 


Average analysis of Tank Liquor- -  - — - 


Number of samples analysed for the average - ~ - 


FILtTEers.— 


Amount treated on Filters during month - -~ - 


Number of hours during which Filters were at work - 


11,006,000 gallons - 


March, 1903. 


Total rainfall  - - 3°706 inches 
» - Rainfall, March 18th - = 


fe - Rainfall, March 9th and 20th ‘002 3 


‘20 


4 hours ; oxygen, 4°4 
62. 


135 cwt. lime and 43 cwt. copperas per million gallons 
8,500 tons. 


- 4 hours, oxygen,.3'1 ; alkalinity of effluent, 3°0; suspended 


matter, 2°9, 


62. 219. 


46,314,000 gallons. 
122. 


Rate of filtration (gallons per cube yard of filtering © 


material per24hours) - - - - - - 


Average analysis of Final Effluent «.-  - +. - 


Number of samples analysed for the average - = 


Best analysis of Final Effluent, March 15th- - + 


Worst analysis of Final Effluent, March Ist-  —_—_- 


195. 


3 minutes, oxygen, ‘22; 4 hours, oxygen, 46; 3 minutes, 
oxygen, after 7 days’ incubation, ‘17; free ammonia, 
‘24; albuminoid ammonia, ‘09 ; nitrogen as nitrates, 
‘87. 


Re 
3 minutes, oxygen, ‘1 ; 4 hours, oxygen, ‘19 


3 minutes, oxygen, ‘3 ; 4 hours, oxygen, ‘66. 


ReMARKS.—The total capacity of the Filters is 46,743 cubic yards. 


March 31st, 1903. 


J. Carter Bell. 
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SEWAGE.— 


Average daily flow - - . - 
Maximum daily flow, April 3rd - - - 
Minimum daily flow, April 10th - - - 


Average analysis of Sewage - 


Number of samples analysed for the average - - 


PRECIPITATED SEWAGE.— 


Amount of Chemicals added - - 
Amount of Sludge dealt with = - - 
Average analysis of Tank Liquor - - 


Number of samples analysed for the average 


FILTERS — 


Amount treated on Filters during month 


Number of hours during which Filters were at work - 


APPENDIX - 


SALFORD—continued. ° 


April, 1903. 


- 9,610,509 gallons - - Rainfall - - - — 
13,280,000, = - Rainfall - : ~ 
-  - 6,265,000, -- «+ °>Ratnfall =—.\--" =o eee 


4 hours, oxygen, 5°0. 
60. 


- 133 cwt. lime and 43 cwt. copperas per million gallons. 


- 8,900 tons, 


: - 4 hours, oxygen, 3°5; alkalinity, 2°5 ; suspended matter, 2°4. 


4 hours, oxygen, 60; alkalinity, 230. 


298,315,000 gallons. 
360. 


Rate of filtration (gallons per cube vee of ee 


material per 24 hours) - - 


Average analysis of Final Effluent = - > 


Number of samples analysed for the average 
Best analysis of Final Effluent, April 10th - 
Worst analysis of final effluent, April 24th - 


- 205°6. 

4 hours, -oxygen, “69; 3 minutes, oxygen, “34; 3 minutes 
oxygen (after 7 days incubation at 85° Fahr.), °24 
free Ammonia, ‘74; albuminoid ammonia, ‘11; nitrates 
33, 

90. 


4 hours, oxygen, 36; 3 minutes oxygen, “a. 


4 hours, oxygen, 1°12 ; 3 minutes, oxygen, °56: 


Remarxs.—The whole of the Salford Sewage is now being treated by the Filters. 


The Cliff, Manchester, 
May 6th, 1903. 


J. Carter Bell. 
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SALFORD— continued. 


SEWAGE.—- 


Average daily flow . : é : F 
Maximum daily flow, May 3rd_- - - 15,000,000 
Minimum daily flow, May 15th - - - 10,095,000 
Average analysis of Sewage - ; 


Number of samples analysed for the average 


PRECIPITATED SEWAGE.— 


Amount of Chemicals added - . Z = a 


Amount of Sludge dealt with - - : : ‘ 


Average analysis of Tank Liquor - - - - - 


Number of samples analysed for the average - - 


FILTERs.— 


Amount treated on Filters during month — - - - 


Number of hours during which Filters were at work  - 


Rate of filtration (gallons per cube yard of algEne 
material per 24 hours)- -~ - . 


Average analysis of Final Effluent - - - - 


Number of samples analysed for the average - - 


Best analysis of Final Effluent, May 4th - - 


Worst analysis of Final Effluent, May 27th - 2 - 


The Cliff, Manchester, 
June 25th, 1903. 


6225 —Ap. I. 


11,126,000 gallons - 


May, 1903. 
Rainfall - : 2 i 
» r Rainfall = - - . - ‘440 inches. 
- Rainfall - . = -pon'045. ., 


” 
4 hours, oxygen, 4'3 


StS A DeaAL 


13 cwts. lime and 4 cwts. copperas per million gallons. 
10,000 tons. 
4 hours, oxygen, 3°3; free lime, 2°5; suspended matter 2°1. 


225. 


f 


330,000,000 gallons. 
696. ~y 


253. 


3 minutes, oxygen, ‘32 ; 4 hours, oxygen, ‘97 ; freeammonia. 
‘5; albuminoid ammonia, 09; nitrates, ‘2; 3 minutes 
oxygen after 7 days’ incubation, ‘26. 


58 


4 hours, oxygen, 32; 3 minutes, oxygen, ‘14; 3 minutes. 
oxygen, after eee eRe 


4 hours, oxygen 1:24; 3 minutes, oxygen, ‘64 ; 3 minutes, 
oxygen after 7 days’ incubation, ‘65. 


J. Carter Bell. 


3K 
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SaLFoRD—continued. 
June, 1903. 
SEWAGE.— 
Average daily flow : - - . 9,320,800 gallons - Rainfall = - - - - 
Maximum daily flow, June 27th - - . 12,440,000 - - Rainfall” "= LOSS TOS 
Minimum daily flow, June 21st - - - 4,446,000 ,, - Rainfall - : - - 


Average analysis of Sewage - - - - 


Number of samples analysed for the average 


PRECIPITATED SEWAGE.— 


Amount of Chemicals added = : : - p 
Amount of Sludge dealt with = - : : 3 
Average analysis of Tank Liquor - 2 “ : : 


Number of samples analysed for the average - - 


FILTERS.— 


Amount treated on Filters during month = - : - 
Number of hours during which Filters were at work - 


Rate of filtration (gallons per cube yard of filtering 
material per 24 hours) - 3 : . Z 3 


Average analysis of Final Effluent - - - - 


Number of samples analysed for the average - - 


Best analysis of Final Effluent, June 15th = - - - 


Worst analysis of Final Effluent, June 8th : - 


- - 4 hours, oxygen ; 5°4 grains per gallon. 


- - 23. 


103 ewts. lime and 3 ewts. copperas per million gallons. 


9,255 tons. 
4 hours, oxygen, 3°9 ; free lime, 15 ; suspended matter, 2°8 


= 


183. 


154,760,000 gallons. 


192. 


110°4. 

4 hours, oxygen, ‘58; 3 minutes, oxygen, 25; 3 minutes, 
oxygen, after incubation, ‘23 ; free ammonia, ‘33 ; 
albuminoid ammonia, ‘09 ; nitrates, *16. 


54, 


4 hours, oxygen, 35; 3 minutes, oxygen, ‘18; 3 minutes, 
oxygen, after incubation, ‘2 ; free ammonia, ‘3 ; 
albuminoid ammonia, ‘08 ; nitrates, °12. 


4 hours, oxygen, “88; 3 minutes. oxygen, ‘3; 3 minutes, 


oxygen, after incubation, °3 ; free ammonia, “7 ; 
albuminoid ammonia, ‘16; nitrates, “45. 


REMARKs,--The average month’s analysis is very similar to previous month’s. 


July 11th, 1903. 


J. Carter Bell. 
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SEWAGE.— 

Average daily flow - - 0 ti ae 

Maximum daily flow, July 22nd - : - 15,710,000 
Minimum daily flow, July 20th - - - 7,700,000 


Average analysis of Sewage . - 


Number of samples analysed for the average 


PRECIPITATED SEWAGE.— 


Amount of Chemicals added - : E £ 


Amount of Sludge dealt with - : : - 


Average analysis of Tank Liquor - - - 


SALFoRD—continued 


Number of samples analysed for the average - 


FILTERS.— 


Amount treated on Filters during month - - 


Number of hours during which Filters were at work 


Rate of filtration (gallons per cube yard of filtering material 


per 24 hours) - - - - = = 


Average analysis of Final Effiuent - - - 


Number of samples analysed for the average - 


Best analysis of Final Effluent, July 13th - - 


Worst analysis of Final Effluent, July 22nd , - 


August 12th, 1903. 
6225— Ap. I. 


10,360,000 gallons 


” 


” 


July, 1903. 
- Rainfall 2 : - : 
= Rainfall = = = - ‘600 
Rainfall = = 2 =. Zand. 


- 4 hours, oxygen, 4'0 grains per gallon. 


31. 


12} cwts. lime and 44 cwts. copperas per 
million gallons. 


8,000 tons. 


4 hours, oxygen, 2°5 grains per gallon ; free 


lime, 2°5 grains per gallon; suspended 


matter, 3°y. 


31, 223. 


321,165,000 gallons. 
372. 


221°2. 


3 minutes, oxygen, ‘21 ; 4 hours, oxygen, ‘48 ; 
free ammonia, ‘4; albuminoid ammonia, ‘1 ; 
nitrates, ‘37; 3 minutes, oxygen, after 7 
days’ incubation at 85° Fahr., °19. 


31. 


3 minutes, oxygen, 12; 4 hours, oxygen, ‘29 ; 
3 minutes, oxygen, after incubation, *10. 


3 minutes, oxygen, ‘27; 4 hours, oxygen, ‘69 ; 
3 minutes, oxygen, after incubation, ‘2! 


J. Carter Bell. 


one 
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SALFORD— continued. 


August, 1903. 


SEWAGE.— 

Average daily flow - - - - - 12,215,000 gallons : Rainfall = - - = - 
Maximum daily flow, August 16th ~—- - 17,365,000 ,, - Rainfall —- - - 
Minimum daily flow, August 30th - ~ 7,115,000." =, - Rainfall = - - - : 


Average analysis of Sewage - - - 


Number of samples analysed for the average 


PRECIPITATED SEWAGE.— 


Amount of Chemicals added i Z Z 
Amount of Sludge dealt with ~— - : s 
Average analysis of Tank Liquor - - - - - 


Number of samples analysed for the average - 


FILTERS.— 


Amount treated on Filters duiing month - : 
Number of hours during which Filters were at work - 


Rate of filtration (gallons per cube yard of filtering 
material per 24 hours) - - - - - - 


Average analysis of Final Effluent - - - - 


Number of samples analysed for the average - - 


Best analysis of Final Effluent, August 4th - - - 


Worst analysis of Final Effluent, August 12th 


September 27th, 1903. 


- - 4 hours, oxygen, 3'0 grains per gallon, 


= Meroe 


43 cwt. copperas ; 124 cwt. lime. 
§,575 tons. 
4 hours, oxygen, 2°5 ; free lime, 2°5 ; suspended matter, 2°4. 


4 hours, oxygen, 31 ; free lime, 208 ; total 39 


378,690,000 gallons. 


372. 


261. 
4 hours, oxygen, ‘48; 3 minutes, oxygen, ‘23; 3 minutes, 


oxygen, after 7 days’ incubation, ‘14; free ammonia, 
‘25; albuminoid ammonia, ‘08 ; nitrates, °55. 


31. 


4 hours, oxygen, ‘28; 3 minutes, oxygen, 16; 3 minutes, 
oxygen, after 7 days’ incubation, °10. 


' 
4 hours, oxygen, ‘89 ; 3 minutes, oxygen, ‘47 ; 3 minutes, 
oxygen, after 7 days’ incubation, ‘26 ; free ammonia 
3; albuminoid ammonia, ‘09 ; nitrates, ‘5. 


J. Carter Bell. 
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SALFORD——continued. 


SEwaGE— 


Average daily flow - - - - - 


Maximum daily flow, Sept. 9th 


Minimum daily flow, Sept. 20th - - = 


Average analysis of Sewage - - 


Number of samples analysed for the average - 


PRECIPITATED SEWAGE— 
Amount of Chemicals added - 2 = = 


Amount of Sludge dealt with = - : - 


Average analysis of Tank Liquor - 


Number of samples analysed for the average 


Finters— 


Amount treated on Filters during month - - 


Number of hours during which Filters were at work 


Rate of filtration (gallons per cube yard of filtering material 


per 24 hours) - - 


Average analysis of Final Effluent - - - - 


Number of samples analysed for the average - 5 


Best analysis of Final Effluent, September 13th — - 


Worst analysis of Final Effluent, September 17th — - 


October 15th, 1903. 


7,505.000 


- 22,725,000 


12,488,000 gallons 


= 143 


September, 1903. 


- Rainfall : = 2 E 
- Rainfall = - - : 
- Rainfall - - - - 


- 4 hours, oxygen 3°5 grains per gallon; sus- 
pended matter, 42 grains per gallon. 


= Gi0) 


ewts. lime and 5 ecwts. copperas per 
million gallons. 


7,890 tons. 


- 4 hours, oxygen, 2°3 grains per gallon; free 
lime, 2°0 grains per gallon; suspended 
matter, 2°0 grains per gallon. 


- 30. 200. - 


374,630,000 gallons. 
- 360. 


267°1. 


4 hours, oxygen, ‘42 ; 3 minutes, oxygen, ‘20; 
3 minutes, oxygen, after 7 days’ incubation + 
‘17 ; freeammonia, ‘6 ; albuminoid ammonia 
‘lL ; nitrogen as nitrates, °48. 


=3 730; 


- 4 hours, oxygen, 26; 3 minutes, oxygen, ‘15 ; 


3 minutes, oxygen, after 7 days’ incubation, 
‘10; free ammonia, ‘5; albuminoid 
ammonia, ‘1 ; nitrogen as nitrates, °41. 


4 hours, oxygen, °65 ; 3 minutes, oxygen, ‘33 ; 
3 minutes, oxygen, after 7 days’ incubation, 
‘32; free ammonia, ‘4; albuminoid 
ammonia, ‘1; nitrogen as nitrates, *49. 


J. Carter Bell. 
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SALFORD—continued. 
October, 1903. 


SEWAGE— - 

Average daily flow - . - - 15,139,200 gallons - - - - Rainfall - - “ -_ == 

Maximum daily flow, Oct. 15th - - 23,910,000. __,, - - - - Rainfall 4 . < - —— 

Minimum daily flow, Oct. 4th  - - 8,915,000 _,, - - . - Rainfall - . . -_— 
Average analysis of sewage- - - - - 4 hours, oxygen, 2°7 grains per gallon ; suspended 


mater, 58°0 grains per gallon. 


Number of samples analysed for the average - 31. 


PRECIPITATED SEWAGE— 


Amount of Chemicals added - - - - 13 cwts. lime and 5 ewts. copperas per million gallons, 


Amount of Sludge dealt with = - - - - - - . - - . - = sqft 8,462 tons. 
Average analysis of Tank Liquor - 4 hours, oxygen, 2°2 grains per gallon; free lime, 2°0 grains per gallons 


suspended matter 1°8 grains per gallon. 


Number of samples analysed for the average - = 21. 212. 

FILTERS— 

Amount treated on Filters during month = - - - - - - - - - - 30,8522,500 gallons 

Number of hours during which Filters were at work - - - - - - - - 276. 

Rate of filtration (gallons per cube yard of filtering material per 24 hours) - - - - 226°4. 

Average analysis of Final Effluent -  - - - 4 hours, oxygen, 36: 3 minutes, oxygen, ‘17; 3 minutes. 
oxygen, after 7 days’ incubation, ‘15 ; free ammonia, 
‘40 ; albuminoid ammonia, ‘09 ; N. as nitrates (expressed 
as N.), “72: 

Number of samples analysed for the average- - oe. 

Best analysis of Final Effluent, October 17th - - 4 hours, oxygen, ‘28 ; 3 minutes, oxygen, ‘13; 3 minutes, 
oxygen, after 7 days at, 85° Fahr., 13; free ammonia, 
‘3; albuminoid ammonia, ‘07 ; nitrates, ‘98. 


Worst analysis of Final Effluent, October 12th - - 4 hours, oxygen, 62; 3 minutes, oxygen, °31; 3 minutes, 
. oxygen, after 7 days at 85° Fahr., ‘21; free ammonia, 


1°2 ; albuminoid ammonia, ‘12 ; nitrates, ‘65. 
4 


November 20th, 1903. J, Carter Bell. 
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‘ SALFORD—continued., 
November, 1903. 
SEwAGE— 
Average daily flow - . - - - 11,234.000 gallons : Rainfall - - - - 
Maximum daily flow, November 3rd_ - - 14,505,000 _,, Rainfall = - - . 
Minimum daily flow, November 2nd - - 8,180,000 _,, - Rainfall - - - - 


Average analysis of sewage IP) ee 


Number of samples analysed for the average 


PRECIPITATED SEWAGE— 


Amount of Chemicals added - : E 2 : 
Amount of Sludge dealt with - - - - - 
Average analysisof Tank Liquor= - - -— - 


Number of samples analysed for the average - . 


FILTERS— 
Amount treated on Filters during month - - 
Number of hours during which Filters were at work - 


Rate of filtration (gallons per cube yard of filtering 
material per 24 hours) -~— - : Sept eat ae 


Average analysis of Final Effluent - - - - 


Number of samples analysed for the average - 2 


Best analysis of Final Effluent, November 29th - - 


Worst analysis of Final Effluent, November 9th - - 


December 21st, 1903. 


- - 4 hours, oxygen, 3°7 grains per gallon; suspended 
matter, 42°0 grains per gallon. 


30. 


7i cwts. lime and 3$ ecwts. copperas per million gallons. 


7,260 tons. : 
4 hours, oxygen, 2'4 ; free lime, 2°0 ; suspended matter, 1°6. 


30, 213. 


168,512,000 gallons, 


360. 


120. 


4 hours, oxygen, ‘36; 3 minutes, oxygen, 18; 3 minutes, 
oxygen, after 7 days at 90° Fahr., ‘16; free ammonia, 
‘50; albuminoid ammonia, ‘09; nitrates as N., ‘78 ; 
suspended matter 1°0. 

30. 

4 hours, oxygen, ‘21; 3 minutes, oxygen, ‘11; 3 minutes, 
oxygen, after 7 days’ incubation at 90° Fahr., ‘12 ; 
free ammonia, ‘30; albuminoid ammonia, ‘08 ; nitrates 
as N., 82. 

4 hours, oxygen, ‘57; 3 minutes, oxygen, ‘27; 3 minutes 
oxygen, after 7 days’ incubation at 90° Fahr., ‘18 ; 
free ammonia, ‘50 ; albuminoid ammonia, ‘14 ; nitrates 
as N., ‘82. 


J. Carter Bell. 
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SEWAGE— 


Average daily flow 
Maximum daily flow, December 1st - 
Minimum daily flow, December 28th 


Average analysis of Sewage 


Number of samples analysed for the average 


PRECIPITATED SEWAGE— 


Amount of Chemicals added 
Amount of Sludge dealt with 


Average analysis of Tank Liquor - 


Number of samples analysed for the average 


FILTERS— 


Amount treated on Filters during month 


Number of hours during which Filters were at work - 


Rate of filtration (gallons per cube yard of 
material per 24 hours) 


Average analysis of Final Effluent 


Number of samples analysed for the average 


Best analysis of Final Effluent, December 2nd 


Worst analysis of Final Effluent, December 26th - 


January 11th, 1904. 
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SALFORD—continued. 
December, 1903. 


9,914,230 gallons . Rainfall — - - - - 
13,124,000 __,, : Rainfall — - . - - 
7,435,000. —; - Rainfall — - - - - nil. 


4 hours, oxygen, 52 grains per gallon ; suspended 


matter, 52°0 grains per gallon. 


31 


- 54 cwts. lime and 24 cwts. copperas per million gallons. 


9,150 tons. 


4 hours, oxygen, 3°5 grains per gallon ; free lime, 1°5 grains 
per gallon ; suspended matter, 1°8. 


31. 216. 


153,679,500 gallons. 
186. 


filtering 


106 gallons. 


4 hours, oxygen, 52; 3 minutes, oxygen, 27; 3 minutes, 
oxygen, after 7 days’ incubation at 90° Fahr., 18 ; 
free ammonia, ‘73 ; albuminoid ammonia, ‘09 ; nitrates 
as N., ‘79; suspended matter, ‘8. 


31. 


4 hours, oxygen, ‘32; 3 minutes, oxygen, 19; 3 minutes, 
oxygen, after 7 days’ incubation at 90° Fahr., *12 ; free 
ammonia, ‘25 ; albuminoid ammonia, ‘07 ; nitrates 
as N., °98. 


i! 
7 


4 hours, oxygen, 1°05 ; 3 minutes, oxygen, ‘62 ; 3 minutes, 
oxygen, after 7 days’ incubation at 90° Fahr., ‘47 ; free 
ammonia, 1°4 ; albuminoid ammonia, ‘12 ; nitrates as 


N., “49. 


J Carter Bell. 
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SALFORD—continued. 


January, 1904. 


SEWAGE.— 

Average daily flow - - : - 9,271,774 gallons : - - : Rainfall - - 845 
Maximum daily flow, January 13th - 14,870,000 ,, - - - : : Rainfall — - - - TU. 
Minimum daily flow, January 25th - 6,295,000 ,, - - 7 . - Rainfall = - - - nil. 


Average analysis of Sewage —- - - . - 4 hours, oxygen, 4’8 ; alkalinity, ‘4; suspended 
matter, 35°0. 


Number of samples analysed for the average . - - 31. 124. 


PRECIPITATED SEWAGE.— 


Amount of Chemicals added - - . - - 53 cwts. lime and 33 ewts. copperas per million gallons. 
Amount of Sludge dealt with = - - - - 7,465 tons. 
Average analysis of Tank Liquor 4 : - - 4 hours, oxygen, 3°6; free lime, 1°5 ; sus- 


pended matter, 2°1. 


Number of samples analysed for the average - - - 31. 208. 31. 
FILTERS. — 
Amount treated on Filters during month ; - : - - 71,855,000 gallons- 
’ Number of hours during which Filters were at work . - - - - - - 186, 
Rate of filtration (gallons per cube yard of filtering material per 24 hours) E - - - , 49°6. 
Average analysis of Final Effluent = - - - - 4 hours, oxygen, ‘56; 3 minutes, oxygen, ‘28; 3 minutes, 
; oxygen, after 7 days’ incubation, ‘21 ; free ammonia,‘70 ; 
albuminoid ammonia, ‘11; nitrates as N., 71; sus- 
pended matter, 1°1. 

Number of samples analysed for the average —- a 3). 

Best analysis of Final Effluent, January 30th = - 2 hours, oxygen, ‘30; 3 minutes, oxygen, 19; 3 minutes, 
oxygen, after 7 days’ incubation, *19 : free ammonia, *20; 
albuminoid ammonia, ‘09 ; nitrates as N., °82. 

Worst analysis of Final Effluent, January 10th - - 4 hours, oxygen, 1°10 ; 3 minutes, oxygen, ‘60; 3 minutes, 
oxygen, after 7 days’ incubation, °30 ; free ammonia, 1°0 ; 
albuminoid ammonia, ‘14 ; nitrates as N., °49. 

Remarks.—The Effluents this month have been very good. 
February 25th, 1904, J. Carter Bell. 


6225—Ap. I. , 3.3 
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SALFORD —continued, 


February, 1904. 


SEWAGE.— 

Average daily flow : - - - - 8,840,300 gallons - Rainfall - ‘ = lien 
Maximum daily flow, February 26th - - 11,066,000 _ ;, . Rainfall = - - . mee ee 
Minimum daily flow, February 16th - - 6,048,000 a - Rainfall - - - aS 


Average analysis of Sewage - - - - - - - 4 hours, oxygen, 4'6 grains per gallon ; 
alkalinity (as CaO), 0°25 grains per 
gallon ; suspended matter, 42°0. 


Number of samples analysed for the average - - - Seth 116. 


PRECIPITATED SEWAGE.— 


Amount of Chemicals added - = = - - 5} cwts. lime and 24 cwts. copperas per million gallons. 
Amount of Sludge dealt with = - - - = : 5,830 tons. 
Average analysis of Tank Liquor - - - = 4 hours, oxygen, 3°0 grains per gallon; free lime, 17 ~ 


grains per gallon ; suspended matter, 1°8. 


Number of samples analysed for the average - 29: 200. 29. 
FILTERS.— 

Amount treated on Filters during month = - > - 64,092,750 gallons. 
Number of hours during which filters were at work - - 183. 


Rate of filtration (gallons per cube yard of filtering 
material per 24 hours) - : = - - = = Shite ate 


Average analysis of Final Effluent = - ° - : - 4 hours, oxygen, ‘35 ; 3 minutes, oxygen, ‘18; 3 minutes 
oxygen, after 7 days’ incubation, ‘16 ; free ammonia, 
‘40 ; albuminoid ammonia, ‘08; nitrates as N., 1°04; 

suspended matter, ‘6. 


Number of samples analysed for the average — - - - 29, 
Best analysis of Final Effluent, February 27th - - _ 4hours, oxygen, °22 ; 3 minutes, oxygen, 13 ; 3 minutes, 


oxygen, after 7 days’ incubation, *08 ; free ammonia, 
‘5; albuminoid ammonia, ‘08 ; nitrates as N., “98. 


Worst analysis of Final Effluent, February 16th - - - 4 hours, oxygen, °47; 3 minutes, oxygen, 23; 3 
minutes, oxygen, after 7 days’ incubation, ‘18 ; free 
ammonia, °3; albuminoid ammonia, ‘08 ; nitrates 
as N., “90. 


J. Carter Bell. 


March 20th, 1904. 
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_ SALFORD— continued. 


March, 1904. 


SEWAGE.— 
Average daily flow - - - - | = 9,115,660 gallons ~ Total rainfall — - - - 1°942 inches. 
Maximum daily flow, March 19th - - 10,739,670 ,, - Rainfall = - = - ora 8 (GIy) Se 

a ; Rainfall — - : . 5 ae 


Minimum daily flow, March 29th -. = 6,280,700 


Average analysis of sewage - . - - 


Number of samples analysed for the average 


PRECIPITATED SEWAGE.— 


Amount of Chemicals added 2 : 2 : e 
Amount of Sludge dealt with - = : z . 


Average analysis of Tank Liquor - . - 2 


Number of samples analysed for the average - . 


FILTERS.— 


Amount treated on Filters during month — - - - 
Number of hours during which Filters were at work - 


Rate of filtration (gallons per cube yard of filtering 
material per 24 hours) - : : 2 e : 


Average analysis of Final Effluent - . - - 


Number of samples analysed for the average - - 


Best analysis of Final Effluent, March 5th - - 


Worst analysis of Final Effluent, March 7th - - 


April 10th, 1904. 
6225—Ap. I. 


- - 4 hours, oxygen, 5°9 grains per gallon; suspended 
matter, 24 grains per gallon. 


- 31. 


4} cwts. lime and 2} cwts. copperas per million gallons. 
5,800 tons. 


4 hours, oxygen, 3°6 grains per gallon ; free lime, 2°0 grains 
per gallon ; suspended matter, 1°8. 


31. 208 5ano Le 


133,920,000 gallons. 
93. 


924 gallons. 


3 minutes, oxygen, ‘21 grains per gallon; 4 hours, oxygen, 
‘43; free ammonia, ‘8 ; albuminoid ammonia, ‘10 ; 
nitrates as N., 1°10; 3 minutes, oxygen, after 7 days, 
incubation, *16 ; suspended matter, ‘6. 


31. 

4 hours, oxygen, ‘29 grains per gallon ; 3 minutes, oxygen, 
"14; 3 minutes, oxygen, after 7 days’ incubation, °10 ; 
free ammonia, ‘3; albuminoid ammonia, ‘06 ; nitrates 
ae Ns, 131: 

4 hours, oxygen, ‘56 grains per gallon ; 3 minutes, oxygen, 
‘29; 3 minutes, oxygen, after 7 days’ incubation, ‘20 ; 


free ammonia, 1*1 ; albuminoid ammonia, ‘08 ; nitrates 
as NG. 1 O04: 


J. Carter Bell. 


3 LsZ 
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SaLFoRD—continued. 


April, 1904. 


SEWAGE. 
Average daily flow - - : - . 8,352,160 gallons - Rainfall = - : : - ‘0528 inches. 
Maximum daily flow, April 8th - - - 10,960,560 __,, - ” Rainfall) > : - - 306H hie 
Minimum daily flow, April 26th - : =a 4 700 aa. - Rainfall — - - = PORZ Saas 
Average analysis of sewage - - - = - - 4 hours oxygen, 5°1 grains per gallon ; suspended 
matter, 36 grains per gallon. 
Nu:nber of samples analysed for the average — - S50: 


PRECIPITATED SEWAGE,— 


Amount of Chemicals added - - - - 5 ewts. lime and 24 cwts. copperas per million gallons. 
Amount of Sludge dealt with - - - : - 4,500 tons. 
Average analysis of Tank Liquor - - - - - 4 hours, oxygen, 3'4 grains per gallon ; free lime, 2°2 grains 


per gallon-; suspended matter, 1°7 grains per gallon. 


Number of samples analysed for the average = ZA: 204. 
@ 

FILTERS.— 
Amount treated on Filters during month — - - - 125,282,400 gallons. 
Number of hours during which Filters were at work - 90. 
Rate of filtration (gallons per cube yard of filtering 

material per 24 hours) - - - ; - - 89°3. 
Average analysis of Final Effluent - - - - 4 hours, oxygen, ‘43; 3 minutes, oxygen, 21; 3 minutes, 


oxygen, after 7 days’ incubation, ‘15 ; free ammonia, 
‘41 ; albuminoid ammonia, ‘09 ; nitrates as N., 118; 
suspended matter, °7. 


Number of samples analysed for the average - - 30. : 

Best analysis of Final Effluent, April 11th - - - 4 hours, oxygen, ‘32; 3 minutes, oxygen, 17; 3 minutes, 
oxygen, after 7 days’ incubation, ‘15; free and saline 
ammonia, ‘3; albuminoid ammonia, 08; nitrates as 
N., °82. 

! 

Worst analysis of Final Effluent, April 18th - - 4 hours, oxygen, ‘61; 3 minutes, oxygen, ‘24; 3 minutes, 
oxygen, after 7 days’ incubation, ‘15 ; free and saline 
ammonia, ‘5; albuminoid ammonia, ‘09 ; nitrates as 
Ni, Psl 

€ 
J. Carter Bell. 
f 


May 8th, 1904. 
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SEWAGE.— 


Average daily flow - ae 2 
Maximum daily flow - -. - 
Minimum daily flow a Oe) be 


Average analysis of sewage - 


SALFORD—contenued. 


May, 1904. 
- 7,953,104 gallons - - - Rainfall - - - - O77 
- 9,890,400 A May 15th - Rainfall - ~ . ~ Nil. 
-. 5,260,944 s May 7th - Rainfall e : - 0°78. 


Number of sample analysed for the average - - 


PRECIPITATED SEWAGE.— 


Amount of Chemicals added é : 
Amount of Sludge dealt with - - 


Average analysis of Tank Liquor - 


Number of samples analysed for the average 


FILTERS.— 


Amount treated on Filters during month - = 3 


Number of hours during which Filters were at work - 


Rate of filtration (gallons per cube yard of filtering 


material per24 hours) - -  - 


- Average analysis of Final Effluent = - 


Number of samples analysed for the average - 4 


Best analysis of Final Effluent, May 29th -  - —- 


Worst analysis of Final Effluent, May 7th - - - 


May 3lst, 1904. 


- 4 hours, oxygen, 5'3 grains per gallon; suspended 
matter, 38'0 grains per gallon. 


3l. 


5 ewts. lime, 2 ewts. copperas per million gallons, 
4,960 tons. ; 


4 hours, oxygen, 3°7 grains per gallon ; free lime, 2°7 grains 
per gallon ; suspended matter, 2°1 grains per gallon. 


3l. 500. 


73,897,672 gallons. 
93. 


dl. 


4 hours, oxygen, ‘37 grains per gallon ; 3 minutes, oxygen, 
‘17 grains per gallon; 3 minutes, oxygen, after 7 
days’ incubation, 16 grains per gallon; free ammonia, 
‘25 grains per gallon; albuminoid ammonia, ‘066 
grains per gallon ; nitrates, 1°87 grains per gallon ; 
suspended matter, °6, 


3l. 


4 hours, oxygen, ‘25 ; 3 minutes, oxygen, ‘12 ; 3 minutes, 
oxygen, after 7 days’ incubation at 80° Fahr., *12 ; 


free ammonia, 25; albuminoid ammonia, ‘08: 
nitrates, 2°30. 
4 hours, oxygen, *52 ; 3 minutes, oxygen, 23; 3 minutes, 
oxygen, after 7 days’ incubation at 80° Fahr., ‘18 ; 
free ammonia, ‘27; albuminoid ammonia, ‘09; 
nitrates, ‘33. 
J. Carter Bell. 
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SaLFoRD—continued. 
June, 1904. 
SEWAGE.— Tota) Rainfall ‘93. . 
Average daily flow - - : = - 8,253,000 gallons - Rainfall = - ‘031 inches. 
Maximum daily flow, June 30th - - - 11,662,000 7 - Rainfall = - - - nil. 
Minimum daily flow, June 21st - - - 4,814,000 is Rainfall = - - - 20 ail 


Average analysis of sewage 


- 4hours, oxygen, 5'1 grains per gallon; suspended 
matter, 17.0 grains per gallon. 


Number of samples analysed for the average - - 30. 


PRECIPITATED SEWAGE.— 


1 


Amount of Chemicals added 
Amount of Sludge dealt with - : - 
Average analysis of Tank Liquor - - 


Number of samples analysed for the average 


FILTERS.— 


Amount treated on Filters during month = - 


Number of hours during which Filters were at work - 


Rate of filtration (gallons per cube yard of filtering 


material per 24 hours)- —- 


Average analysis of Final Efflueut - - 


Number of samples analysed for the average 


Best analysis of Final Effluent, June 3rd 


Worst analysis of Final Effluent, June 30th 


July 5th, 1904. 


' 


6 ewts. lime and 3 cwts. copperas per million gallons. 
6,980 tons. 
4 hours, oxygen, 35 ; free lime, 1°9; suspended matter, *6- 


30. 208. 


123,795,000 gallons. 


93. 


88.3. 


4 hours, oxygen, ‘44; 3 minutes, oxygen, 19; 3 minutes, 
oxygen, after 7 days’ incubation, ‘16 ; free ammonia, ‘26 ; 
albumen, ‘09 ; nitrates as N, 1°73 ; suspended matter, “6. 


30. 


4 hours, oxygen absorption, ‘35 ; 3 minutes, oxygen absorp- 
tion, "19; 3 minutes, oxygen absorption, after 7 days’ 
incubation, “15; free ammonia, ‘15; albumen, ‘07 ; 
nitrates as N, 2°95. 

4 hours, oxygen absorption, ‘70 ; 3 minutes, oxygen absorp- 
tion, °31 ; 3 minutes, oxygen absorption, after 7 days, 
incubation, *20 ;-free ammonia, 1:0; albumen, ‘14; 
nitrates as N, ‘66. 


J. Carter Bell. 
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SALFGRD—continued. 


July, 1904. 
‘SEWAGE.— 
Average daily low — - : - 7,723,000 gallons : : : - Total Rainfall  - : - 1°120 
Maximum daily flow. - - 9,294,500 ,, July 3rd - Total Rainfall - - - ‘O11 
Minimum daily flow - - - 3.429°500 » July 19th - ‘= (Total Raimfall- =) sc). se nil. 
Average analysis of Sewage . . - - - 4 hours, oxygen, 5°5 grains per gallon; suspended 
matter, 23 grains per gallon. 
Number of samples analysed for the average - ecle 
PRECIPITATED SEWAGE.— 
Amount of Chemicals added - — - ake - 6 cwts. lime and 3 ewts. copperas per million gallons. 
Amount of Sludge dealt with - : - - 7,600 tons. 
Average analysis of Tank Liquor - - - - 4 hours, oxygen, 38 ; free lime, 1°1 ; suspended matter, 2°9. 
Number of samples analysed for the average 3h. 208. 
FILTERS.— 
Amount treated on Filters during the month - - 119,709,000 gallons. 
Number of hours during which Filters were at work - 93. 
Rate of filtration (gallons per cube yard of filtering 
material per 24 hours)- - - - - 82% gallons. 
Average analysis of Final Effluent - - - 4 hours, oxygen, 42 ; 3 minutes, oxygen, ‘23 ;3 minutes, 


oxygen, after 7 days’ incubation, 20; free ammonia, 
‘60 ; albuminoid ammonia, ‘098 ; nitrates as N, 1°76; 
suspended matter, °7. 


Number of samples analysed for the average - ze ee Wl. 


Best analysis of Final Effluent, July 31st - - - 4 hours, oxygen, ‘28; 3 minutes, oxygen, ‘16 ; 3 minutes, 
oxygen, after 7 days’ incubation, 15; free ammonia, 
35 ; albuminoid ammonia, ‘08 ; nitrates as N eal 


Worst analysis of Final Effluent, July 12th : - 4 hours, oxygen, ‘91 ; 3 minutes, oxygen, 37; 3 minutes, 
oxygen, after 7 days’ incubation, ‘22; free ammonia, 
15 ; albuminoid ammonia, ‘16 ; nitrates as N, °92. 


The suspended matter in the filtered effluent is estimated once a week on a mixture of the 7 daily samples. 


August 15th, 1904. J. Carter Bell. 








456 APPENDIX : 
SaLForD—continued, 
August, 1904. 
SEWAGE.— 
Average daily flow - 2 - 7,754,763 gallons - a0 Ns - - Rainfall. - * é 
Maximum daily flow - - - =* 31 75 L648e0 ox, (August 26th) - - Rainfall - ; i 
Minimum daily flow. - z - - 4994400... (August 14th) - - Rainfall ; 
Average Analysis of Sewage. 
Best. Worst. Average. 
Ammoniacal Nitrogen - . “ - f - | a pee | ae 
Albuminoid Nitrogen is = L b : : 5 at aa se 
Oxygen absorbed from KMnO, in 4 hours - ir ree 4°5 grains per 
gallon. 
Suspended matter - : tee . - 18°3 62°0 28 -0 





Number of samples analysed for the average = 31. 


PRECIPITATION TANKS.— 


Amount of Chemicals used - 2 - 


Amount of Sludge dealt with during the month - 

















6 cwts. lime, 3 ewts. copperas per million gallons. 
- 7,550 tons, 


Average Analysis of Tank Liquor. 








Ammoniacal Nitrogen - Be a 
Albuminoid Nitrogen eo : : . 
Oxygen absorbed from K MnO, in 4 hours 

Alkalinity as CaO - f ; 2 . 


Suspended matter - Z i 2 : 


Best. 





1°6 


“4 


13 


| 
| 





Worst. 


a1 
4°8 


4°4 





Number of samples analysed for the average 


FILTERS. 


Quantity of effluent filtered during month - 








Average. 


3°5 
Le 


2°8 


= Oxygen absorbed, 31 ; alkalinity, 208; suspended matter, 31. 


Estimate of amount of tank liquor treated per cube yard per 24 hours 


Average Analysis of Filter Effluent. 


82°9 gallons. 


120,198,800 gallons. 








et Best, Worst. 
Aug. 2Uth. Aug. 8th. 
Ammoniacal Nitrogen as NH, - . “ 3 - - "10 “40 
Albuminoid Nitrogen as NH. - i S : - 06 Leg 
Nitric Nitrogen as’N . - - - - - 1°26 2°30 
Oxygen absorbed from KMnQ, in 4 hours - - - 26 -60 
Oxygen absorbed from KMnO, in 3 minutes - - "10 "25 
Oxygen absorbed after 7 days’ incubation . - 10 "28 
Suspended matter = - : 2 : . é y ce = 





X umber of samples analysed for the average = 31. 


October 28th, 1904. 





ca 


Average. 


24 
‘OT 
1°74 
“41 
‘18 
Ll? 


J. Carter Bell. 
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SALFoRD—continued. 
September, 1904. 


SEWAGE.— 
Average daily flow - . ~ + 9,205,280 gallons” - -  - Rainfall Oe ra 
Maximum daily flow - - - - - 10,539,360  ,, - -» «© Rainfall -_ ™~ 
Minimum daily flow - - - - - 65,805,100 ,, - =  « Rainfall -  - 


Average Analysis of Sewage. 





Best. Worst. 



































September 4th. | September 10th. Average. 
Ammoniacal Nitrogen - - eee taaeeicineins eee “= — — 
Albuminoid Nitrogen - - - ° - - - — — = 
Oxygen absorbed from KMnO, in 4 hours - - - 1 22°1 66 
Bmepended Matter <- *"- - - -"§- -) - 21:0 48°0 29°0 
Number of samples analysed for the average=30. 
PRECIPITATION TANKS.— 
Quantity of Chemicals used - - - - - 6 cwts. lime and 3 ewts. copperas per million gallons 
Amount of Sludge dealt with during the month _- 6,730 tons. 
Average Analysis of Tank Liquor. 
Best Worst 
September 5th. September 2Ist. Average. 
\ 
Ammoniacal Nitrogen a0 - ae oe oer ran my 
Albuminoid Nitrogen . - - - : : = a = 
Oxygen absorbed from KMnO, in 4 hours a aie 2°0 81 42 
Free Lime 2 eT ee ae Ey 11 16 
Suspended matter - - - . - - - 7 2°5 i9 
Number of samples analysed for the average - - Oxygen absorbed, 30; free lime, 212; sus- 
pended matter, 30. 
FILTERS.— ; 
Quantity of Effluent filtered during month- -- - - ~~ - 138,079,200 gallons. 
Estimate of amount of Tank Liquor treated per cube yard per 24 hours 98°2 gallons. 
A.—Primary Beds. B.—Storm-filters, 
Average Analysis of Filter Effluent. 
Best Worst 
September 27th. September 2nd. Average. 
Ammoniacal Nitrogenas NH, -~ - ca ey Same "35 32 "35 
Albuminoid Nitrogen as NH, - - - - - : U8 08 07 
Nitric NitrogenasN. .-_ - - - - - - 1°83 2°46 1°81 
Oxygen absorbed from KMnO, in4hours - -~ - "28 ‘61 ‘41 
Oxygen absorbed from KMnO,in3 minutes - -~— - 14 "30 ‘19 
Oxygen absorbed after 7 days’ incubation <a Th Suet 12 35 16 
Suspended matter - - - - - - - - = = “52 
Number of samples analysed for the average = 30, 
October 28th, 1904. J. Carter Bell. 
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SALFORD—continued. . 
October, 1904. 


SEwAGE— 
Average daily flow : - - 9,655,900 gallons - . - - Total rainfall - - - 1491 
Maximum daily flow. - - = 11,013,600° ,, October 19th - Rainfall - - - - Nil. 
Minimum daily flow - -  - 7,536,700 ,, » 4th . - Hainfall So) eee 


Average Analysis of Sewage. 
ee 


Best. Worst. 








Oct. 30th. Oct. 8th. _ Average. 
Suspended matter - : : Zi 4 : B 98 - ms 
Oxygen absorbed from KMnO, in 4 hours = = mart 3°3 115 es 


"ee ee ee 
Number of samples analysed for the average = Suspended matter, 31 ; Oxygen absorbed, 31. 


PRECIPITATION TANKS— 


Average daily flow through tanks - ws ‘ 


Amount of sludge dealt with during the month - 5,760 tons. 


Average Analysis of Tank Liquor. 





Best. Worst. 


Oct. 18th. Oct. ast. Average. 
ee 
Alkalinity as CaO. - - - - - = - - 19 21 25 
Suspended matter - - - - 7 a 14 13, 2°0 
Oxygen absorbed from KMnO, in 4 hours - a ae 16 69 4:0 








Number of samples analysed for the average = Alkalinity (free lime), 270 ; Suspended matter, 31 ; Oxygen absorbed, 31. 


FILTERS— 


Total number of times primary beds were filled during the month - 

Amount of chemicals used 2 - - - -  -  -. - 6 ewts. lime, 3 cwts. copperas, per 
million gallons. 

Quantity of tank effluent filtered during month - - - - . 99,777,000 gallons. 


Estimate of amount of tank liquor treated per cube yard per 
24 hours - - - - - - - - - - - 68°9 gallons. 


A.—Primary Beds. B.—Storm-filters. 


Average Analysis of Filter Effluent. 








Oct, Bra. Oct, 13th peti? 
Ammoniacal nitrogen as NH, - - - - - - "04 “50 "So 
Albuminoid nitrogen as NH, - - - - - - ‘06 “1 ‘09 
Nitric nitrogen as N - - - : - - - - 2°38 "92 1°59 
Oxygen absorbed from K MnO, in 4 hours - - - “21 61 , “41 
Oxygen absorbed from KMnO, in 3 minutes - - - 10 "22 18 
Oxygen absorbed after 7 days’ incubation - - - - 09 19 15 
Suspended matter 2-9 +) age ee a ~~ oe 4 





f Number of samples analysed for the average =31. 
November, 1904. J. Carter Bell. 
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SALFORD—continued. 
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November, 1904. 








SEwacE— 

Average daily flow - 8,447,000 gallons - : Sati Total Rainfall = - - - 2°057 

Maximum daily flow - 12,664,000 ,, November 30th Rainfall -  - i 028 

Minimum daily flow - 6,510,200 _,, November 22nd Rainfall -  - male = nil, 

Average Analysis of Sewage. 
- , : Best. Worst. 
27th, 30th. EXCH 

Suspended Matter - PF yin ac - : - 19°0 22 42, 
Alkalinity as CaO -- - - Eger Wiis si vhis Nil 6 3 
Oxygen absorbed from KMnQ, in 4 hours - - - 3°6 12°4 6°9 











Number of samples analysed for the average=Oxygen absorbed, 30 ; Suspended Matter, 30 ; Alkalinity, 164. 


PRECIPITATION TANKs— 


Amount of Chemicals added - - ? 
Amount of Sludge dealt with during the month 6,250 tons. 


Average Analysis of Tank Liqour. 


- 6 cwts. lime and 3 ewts. copperas per million gallons. 


a a a 





Worst. 
25th. 








Best. 

Ist. 

Re a ae 10 
Free Ee GsGG - rr ee at? i 2°6 
Oxygen absorbed from KMnQ, in 4 hours - - : hag 








18 
3.1 
60 


Average. 
2°1 
27 
4°3 








Number of samples analysed for the average=Suspended Matter, 30 ; Oxygen absorbed, 30 ; Free Lime, 268. 


FILTERS— 
Quantity of tank effluent filtered during the month - . 


Estimate of amount of tank liquor treated per cube yard per 


84,600,000 gallons. 


24 hours 4 3 a e A s i 2 ie 


A.—Primary Beds. 


60°4 gallons. 
B.—Storm-filters. 


Average Analysis of Filter Effluent. 











—_———__——_— Best. Worst. pee 
6th. 27th. Be. 

Ammoniacal Nitrogen - - - - - - - "24 1'20 "43 
Albuminoid Nitrogen - - - - - . - ‘06 ie 08 
Nitrie nitrogen.- —- - - : - - - - 215 “49 1°78 
Oxygen absorbed from KMnQ, in 4 hours . - - - 27 "65 38 
Oxygen absorbed from KMnO, in 3 mins. Be EA ete "14 "42 Peg 
Oxygen absorbed in 3 mins. after 7 days’ incubation - ‘09 "20 Rey 
Suspended Matter - ~ -  - Sila otk hake — — 18 

















—— 





Number of samples analysed for the average =30. 


December 10th, 1904. 
6225—Ap. I. 
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SaLFoRD—continucd 
December, 1904. 








SEwWAGE— 

Average daily flow - . .- + 911,478,000. gallons - - - Total rainfall - 2°089 inches. 

Maximum daily flow - 13,654,000 ,, Dec. 29th - Rainfall - ee OSO: Fe 

Minimum daily flow - - - 6,976,000 ,, Dec. 27th - Rainfall - TEs See, 

Analysis of Sewage. 
. Best. | Worst. ; 
December 5th. | December 8th. Average. 

Suspended matter! << s6 - 94 | '>) ‘deeu=) (b= 95°0 310) 45°0 
Oxygen absorbed from KMnO, in 4 hours. - - - 3°3 11°9 53 





Number of samples analysed for the average =Suspended matter, 31 ; Oxygen obsorbed, 31. 


PRECIPITATION TANKS— 


Amount of Chemicals added - - - - - 9 cwts. lime and 4 cwts. copperas per million gallons. 
Amount of Sludge dealt with during month - - 9,420 tons. | 


Average Analysis of Tank Lnquor. 























Best. Worst. 
December 19th. | December Ist. Average. 
Suspended Matter - - - Sates - - - oT 10 21 
Oxygen absorbed from KMnO, in 4 hours - - - 2°7 51 3°8 
Alkalinity (as free CaO) - - - - - - - 30 1°4 2°5 
FILTERS. — 
Quantity of Tank Effluent filtered during month - - - - - ° 118,609,000 gallons. 


Quantity of Tank Effluent treated on filters per cube yard per 24 hours - $81'8 gallons. 


Average Analysis of Filted Effluent. 





Best. Worst. 








December 20th. | December 5th. Average. 

Ammoniacal Nitrogen as NH, - - . - - - *30 “28 "20 
Albuninoid Nitrogen as NH, - . - - - - 08 ; ‘07 ‘O71 
Nitric Nitrogen as N. - - . - - - - 1°55 1°15 157 
Oxygen absorbedfrom KMnO, in 4 hours - - - ‘19 "47 28 
Oxygen absorbed from KMnO, in 3 minutes. - - - "08 "25 13 
Oxygen absorbed from heey in 3 minutes oe 7 a) 

incubation - - : : 08 19 12 
Suspended Matter - 2 F ; Mt . 4 i oa a 22 


—_—————— En 


Number of samples analysed for the average= 31. 
All results are expressed in grains per gallon. 
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Mr. C. F. Wikz, M.Inst.C.E., City Surveyor of Sheffield, called in ; and Examined. 


23180. (Chairman.) You are Mr. Wike, member of 
the Institute of Civil Engineers and City Surveyor of 
Sheffield ?—Yes. 


23481. You have had generil charge of the Sheffield 
Corporation Sewage Disposal Works ?—Yes. 

23482. What is the general character of the sewage 
treatment at Sheffield at present ?—Principally  prec¢ipi- 
tution by lime, but pariially tank treatment followed 
by contact beds. 


23183 What is the population draining to the Shef- 
field works ?—It is estimated at 400,000. The total 
estimated population of the city is 433,000. 

23484. What is the system of drainage? Is the 
storm water either wholly or partially drained into a 
separate system ?—Sheffield is an old city, and it is 
only practicable to deal with a very small proportion 
of the storm water by separate sewers. 


23185. Is there any infiltration of subsoil water into 
the sewers ?—Yes, in the case of some of the older 
sewers, but these are gradually being replaced. 

23486. What is the water supply per head, and from 
what source does it come?—Excluding supphes by 
the Sheffield Corporation to other authorities, the 
daily supply per head is 21°23 gallons, made up as 
follows :— 

Gallons. 
Meter supplies (part trade, part do- 
mestic) : - il daa - 
Domestic supplies, fire brigade, and 
waste (not by meter) - - - 


8 93 
12 30 





21°23 
The source of supply is a series of reservoirs to the 
west and north of the city, to be supplemented by a 
share of the Derwent Valley supply. 
23487. Is it hard or soft water ?—The water is soft. 

23488. What is the drainage area of the part of the 
town which is sewered ?—Of a total area of 25,654 acres 
it may be taken that about 9,000 a-res are sewered. 
There is a large proportion of agricultural land and 
moorland in Sheffield. 

23489. What proportion of the population use pail 
cloiets or middens, and what proportion use water 
closets ?—The total number of inhabited houses in Shef- 
field is stated to me by the Medical Officer of Health 
as 93,000. The number of houses served by water 
closets is 59,000, and the remaining 54,000 houses are 
served by privies or pail closets. The estimated num- 
ber of the latter is 174. 

23490. Has the flow of sewage to the works been 
gauged? If so, what is the average number of gallons 
delivered at the works per day of 24 hours in dry 
weather in winter and in summer?—Yes, careful 
paugings have scen taken. ‘he following are particu 

ars :— 








Average No. of gallons 
Month. a act, | delivered at Works 
ee ptlbe day of 24 honrs. 
oe Ee 
1. WINTER PERIODs. 
1904. 
September - | - 15 14,749,000. 
‘December a eee 11 14 144,000. 
1995. 
-anmary - - - 12 14,348,000, 
2. SUMMER PrRIops. 
; 1904. | 
June : - 13 ) 14,428,000. 
| 
July- - 20 | 14,340,000. 








These figures account for more than purely domestic 
sewage and trade wastes. A. large amount of fresh 
water entering the sewers ought to be turned into the 
rivers or streams. This has been gauged to the extent 
of 3,500,000 gallons per day. 

23491. What is the maximum dry weather rate of 
flow, and at what hour does this occur?—At the rate 


of 19,400,000 gallons in 24 hours, occurring between 
noon and 4 p.m. 


23492 What is the minimum dry weather rate of 
flow ?—At the rate of 8,600,000 gallons in 24 hours, 
occurring between 1 a.m. and 5 a.m. 


23493. What is the maximum wet weather rate of 
flow which you have observed coming to the works, 
and during how many hours has this continued ?— 
The maximum treated flow at the works in wet weather 
is approximately 22,000,000 gallons in 24 hours. On 
one occasion a flow at the rate of 24,850,000 gallons 
in 24 hours was dealt with for a period of three hours. 


23494. What storm overflows have you on your 
sewers, and at what rate or rates of flow do they come 
into operation. Could you for comparative purposes 
give the maximum and minimum rates of flow in dry 
weather in the sewers on which the various overflows 
are situated ?—There are about 80 storm overflows on 
the Sheffield sewers. It would be impossible without 
lengthy and expensive gaugings to give particulars as 
to the rates of flow at which they come into operation 
or the maximum and minimum rates of dry weather 
flow in the sewers on which such overflows are situated. 


23495. What is the largest number of gallons which 
have passed the last storm overflow and come to your 
works, in 24 hours?—Approximately 22,000,000 gal- 
lons. 


23496. Can you say what is the volume of water in 
gallons represented by the average yearly rainfall on 
the drainage area ?—Taking the sewered area as 9,000 
acres, and the average rainfall for five years at 
51°596 in. per year, the volume would be 6,432,927,906 
gallons. 


23497. Can you give the Commission an approximate 
statement as to the volume of sewage which comes to 
your works during the year, and the volume which 
passes over your overflows ?—As regards the former, the 
figures for the last six years are :— 


Amount treated, year ending— 

Gallons. 
6,884,886,000 
6,952,480,000 
6,360,328,000 
6,098,370,000 
6,424,4735,000 
6,498,534,000 


say what volume passes over 


March 25th, 1899 - - - 
March 25th, 1900 - - - 
March 25th, 1901 - - - 
March 25th, 1902 - - - 
March 25th, 1903 - - - 
March 25th, 1904 - - - - 


It is impossible for me to 
the overflows. 


23498. Does the infiltration of subsoil water into 
the sewers occur regularly, or does it vary with the 
seasons or with the state of the weather; and can you 
give an approximate idea of the extra amount of liquid 
at one and another time entering the sewers from this 
source ?—No doubt this will vary with the seasons and 
with the state of the weather, but there are no means 
of gauging the amount of liquid. The defective sewers 
are gradually being replaced. 


23199. How many gallons of trade effluents enter the 
sewers daily, and what is the nature of these effluents ? 
Can you give analytical figures ?—The quantity of trade 
effluent is estimated at an average of -2,000,000 gallons 
per day, exclusive of the fresh water I have referred 
to. The following is a schedule giving the nature of 
the effluents so far as it has been possible to ascer- 
tain this :— 

1. Brewery waste (including barrel washings, vat 
washings, waste yeast, hops, and cooling 
water). a! 
. Iron pickle. 
Tannery waste. 
Tripe dressers’ waste and fellmongers’ waste. 
Skin dressers’ waste. 
Ammonium sulphate waste and tarry matter 
. Grain washings. 
Bone drainings. 
. File-scourfig and grinding waste. 
. Acetic acid pickle 
- Stone-cutting waste. 
. Bottle washings from mineral waters. 
- Washings from tobacco fermentation 
. Coke slacking water. 
Coal washings. 


mE pt 
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W tke, 
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15 May 1905. 
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16. 
Li, 
18. 


Cooling water from rolling mills. 
Ochre water. 

Boiler blow-off water. 

19. Oil. 

20. Laundry waste. 


23500. Has your authority framed any rules for tho 
reception of trade effluents into the sewers?—At pre- 
sent there are no printed regulations governing the 
reception of trade effluents, but the question of framing 
such regulations is under consideration. 


2350!. Is it found that the trade effluents interfere 
with the process of purification by reason of their 
quality, variations in composition, fluctuations of 
volume, or otherwise ?—The trade effluents do interfere 
with the process of purification both by their quality 
and the fluctuations in their volume. The chemist 
is having continual experience of these effects. 


23502. Is the Sheffield sewage a “strong” sewage, 
and, if so, what. characterises its strength?—I con- 
sider the Sheffield sewage should be described as of 
medium strength. It can scarcely be described as a 
strong sewage on account of the dilution to which, as 
I have mentioned, it is subjected even under normal 
conditions. 


23503. Does its strength vary very much from hour 
to hour or on different days of the week, and, if so, 
do these variations affect the quality of your final 
effluent to a marked degree ?—Its strength varies both 
on different days of the week and from hour to hour. 
On some days the trade wastes are very much reduced. 
The effects are traceable in the final effluents, but do 
not prevent satisfactory treatment. Analyses illustrating 
this peint are handed in. (See Mr. Haworth’s evidence.) 


23504. Have you any information as to the bac- 
teriological condition of the sewage ?—No such infor- 
mation has been obtained. 


23505. Do you find that the amounts of suspended 
solids are increased or diminished in times of storm, 
and can you. give the Commission the figures at the 
end of each hour during a storm of some hours’ dura- 
tion?—The first effect of storm water is to largely 
increase the amount of suspended solids, but if the 
rainfall is prolonged the proportion afterwards dimi- 
nishes. This effect I consider to be due to the fact 
that first of all the strong sewage is flushed out of the 
sewers together with any sediment which may have 
collected, and also to the fact that the rain quickly 
brings down. the washings from the roads. Analyses 
illustrating this will be given. (See Mr. Haworth’s evi- 
dence.) 


23506. How many years ago were your sewers laid, 
and do you know whether they have sunk much in 
places so as to allow solids to accumulate ?—I can best 
answer that question by saying that the total mileage 
ef sewers in Sheffield on March 25th, 1904, was about 
286 miles, and of this total about 135 miles have been 
laid or relaid since 1888. When the main drainage 
scheme was carried out (1884-1886) about 16 miles ot 
new sewers were laid, which are an addition to the 
135 miles first mentioned, but are included in the total 
of 286 miles. I mention these figures to show that a 
large proportion of the Sheffield sewers are compara- 
tively new, and therefore in good condition, and have 
gone somewhat into detail as evidence touching some 
of the same points has been given before another Com- 
mission, based, I feel sure, upon a misconception of the 
facts. Some of the remaining old sewers are somewhat 
roughly constructed of stone with open joints, and this, 
of course, has a tendency to accumulate solids, but 
such sewers are gradually being replaced. 


23507. In what way or ways do you think the sewage 
which comes to the works should be dealt with in storm 
times ? Perhaps I should amplity this question a little. 
The usual requirements of the Local Government 
Board are, I understand, that any increase in flow u 
to three times the normal dry weather rate should be 
fully dealt with by the ordinary complete plant, and 
that a certain number of additional dilutions—up to a 
total of six—should be treated on special storm filters. 
Do you think these are proper requirements, or do you 
think they should be modified in any way? It is, I 
believe, often found that the 7 fete sewage which first 
comes down to the works contains a largely-increased 
amount of suspended solids, and I should like to know 


whether you consider that your ordinary (dry weather) 
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plant is exposed to damage in any way—as, ¢.g., rapid 
choking—by having, to deal with this amount of storm 
sewage, and whether you think it would be better to 
adopt some other treatment. Although the storm sew- — 
age, including the suspended solids, is a very pollut- 
ing liquid, possibly the liquid portion alone is not. 
very polluting, and this suggests that settlement of all 
the sewage arriving at the works in time of storms in 
tanks for a few hours, after, possibly, the addition ot 
chemicals, might perhaps be a better plan of treatment. 
than passing a portion of it through the ordinary 
plant, and the balance through .storm filters. Would 
such settlement alone be sufficient for the whole of the 
sewage arriving at the works in times of storm ?—That, 
in my opinion, is a most important matter. In the 
case of Sheffield and other towns similarly circum- 
stanced I think the requirements of the Local Govern- 
ment Board, as stated by you, might be modified, and 
the number of dilutions regulated by the strength of 
the sewage. The Sheftield sewage, as previously ex- 
plained, is not a very strong one, and therefore a 
smaller number of dilutions might be accepted than 
in the case of a town where normally there is nothing 
but undiluted sewage to be treated. The proper way 
to regulate the number of dilutions appears to be by 
regular and careful observations both of the quantity 
and character of the sewage. It is a fact, as you state, 
that the storm sewage which first comes to the works 
contains a largely increased amount of suspended 
solids, and unless efficient means are taken to inter- 
cept these, the ordinary dry weather plant is un- 
doubtedly exposed to damage by rapid choking. This 
is one of the great difficulties connected with purifica- 
tion by contact beds, and one which has received very 
careful consideration from me in preparing a scheme 
for dealing with the sewage of Sheffield. The diff- 
culty is enhanced by the fact that many of our roads 
are of macadam. Where paving is more general there 
would, of course, be a smaller proportion of grit and 
other insoluble matter to deal with, and therefore less 
danger of choking the beds. Instead of providing 
separate storm beds, I think a better plan would be to 
lay down as many contact beds as practicable, and dis- 
tribute the whole of the sewage and storm water which 
an authority is required to deal with in its works over 
the full number of beds—this, of course, after screen- 
ing and settlement. It is scarcely practicable to 
absolutely divide the storm sewage into quantities re- 
presenting the first three dilutions and three further 
dilutions, for the reason that if storm beds are not 
kept fed they will be useless from a bacteriological 
point of view when storm water is passed over them. 
Te make them efficient they must be kept fed, and 
therefore a general distribution of the storm sewage 
would be more effective than the treatment of three 
dilutions by the ordinary means and three further 
dilutions on separate storm beds. If this sug- 
gestion were followed probably a better effluent wouid 
be obtained than by the other method. In the 
Sheffield scheme, in order to intercept the grit, etc., 
provision is made for passing the whole of the six dilu- 
tions through the continuous settlement tanks, which 
will have a capacity equal to about one and a quarter 
day’s dry weather flow. Speakirg from a practical point 
of view, I think, when fully diluted, the storm sewage 
might be sufficiently purified by settlement in these 
tanks without chemical precipitation or subsequent 
treatment on bacteria beds. As it is, the effect will 
probably be that when the river is swollen with storm 
water we shall be turning into it an effluent a good 
ceal better than the river water itself, and the expense 
of getting such a good effluent will be wasted. 


23503. What shape and size are your storm over- 
flows?—The storm overflows are of many sizes and 
shapes. Perhaps it will be of more assistance to the 
Commissioners if I hand in drawings of typical over- 
flows which I have had prepared for that purpose. 


23509. Would it be possible to have a standard form 
of overflow, and how would you fix the point at which 
overflows should be allowed to come into operation ?— 
I do not consider it practicable to have a standard 
form of overflow, as so much depends upon the position, 
size of sewers to be dealt with, contiguity of river or 
stream, and other points. The point at which the over- 
flow should be allowed to come into operation must be 
governed partly by the position and importance of the 
serves 1t sewers. For instance, in Sheffield we have 
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a number o! sewers laid in parallel streets with steep 
gradients, and emptying into a larger sewer with a 
flatter gradient running along a valley parallel with 
and close to the river. The sewers in these steep 
streets have no sewage standing in them, and conse- 
quently the overflows serving them might be allowed 
to come intd operation without detriment to the river 
immediately there is a heavy rainfall. On the main 
sewer running along the valley the overflows should 
not be allowed to operate until the sewage is diluted 
several times, because that sewer, being of larger 
diameter, and haying a more sluggish tlow, would, if 
its overflows acted as soon as those on the steep sewers, 
discharge into the river a large quantity of very foul 
sewage. 


23510. Do you think that the point at which storm 
overflows should come into operation should depend on 
the configuration of the land, e.g., whether it is hilly or 
flat, etc., and upon the character of the surface soil 
geologically ?—The configuration of the land is a most 
important factor in determining the point at which 
overflows shall come into operation. 


23511. Should storm overflows be fixed or movable? 
—Where practicable the weir of an overflow should be 
a fixed one, but of such construction that it could be 
easily regulated to suit an increasing quantity of sew- 
age. I have in mind two cases of districts (one of 
them recently added to the city) which were formerly 
drained into brooks, but are now being sewered. ‘n 
these cases overflows are being provided with weirs at 
heights suitable for present requirements. The dis- 
tricts, however, are rapidly in-reasing, and in a 
year or two the weirs will have to be altered, otherwise 
the overflows would commence to act too soon. 


23512 Do you think the number of dilutions at 
which storm sewage may properly be allowed to pass 
into the stream should be dependent upon the size 
and nature of the stream into which the storm sewage 
would pass? Is it possible, for example, that in some 
circumstances no injury to the stream would be caused 
by allowing overflows to come into operation when the 
increased flow was slight while in others this would 
not be the case?--The size and nature of the stream 
into which storm sewage passes is again an important 
factor, and the possibility suggested is a real one. 


23513. What happens to the road water in the 
portion of the city which is drained on the separate 
system ?’—Although only practicable to a small extent, 
where it can be done, gullies taking surface water 
from roads are connected direct to rivers and streams, 
or into storm water drains, such gullies being properly 
trapped and haying dirt boxes. to intercept any 
detritus. 


23514. Could you give us an analysis of a typical 
sample of your road water during the early period of 
a storm, or any information as to its bacteriological 
condition —I have had analyses made which will be 
handed in. (See Mr. Haworth’s evidence.) 


23515. Do you consider that in certain circumstances 
this liquid should be purified ?—I do consider that in 
certain circumstances road water should be purified. 
For instance, if it comes from streets where there is 
large trafiic and manure is lying about, or where during 
certain hours garbage and other market refuse is 
scattered. 


23516. What are your views as to the comparative 
cost and advantages of the separate and combined sys- 
tems of sewers, bearing in mind initial outlay as well 
as cost?—Provided that there are adequate oppor- 
tunities of passing the storm water into rivers and 
streams, the advantages of a separate system of sewers 
are better felt in a flat district than in a hilly 
town; also, if a separate system is to be car- 
ried out successfully and without undue expense it 
should be commenced when a district is being laid out. 
Sheffield is an old town, and for this reason alone 
the cost of providing a separate system would be en- 
tirely prohibitive, besides being unfair to owners of 
estates likely to be developed for building purposes, 
who, compared with those who had already laid out 
their land, would be at a disadvantage in the matter 
of cost if they had to provide double sewers. In a 
flat town, where probably the sewage would have to 
be pumped to the sewage works, a separate system 
would ensure that a minimum quantity was pumped, 
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and the. storm water would be passed direct to the 
rivers or streams instead of having to be pumped to 
the works and treated. During the time I acted as 
Deputy Engineer to the Leicester Corporation a con- 
sidereble district of that town was sewered on the 
separate system under the late Mr. Joseph Gordon. 
The work was done most thoroughly, and very careful 
observations were made of the results. All the sewage 
and storm water from that particular district passed 
a certain point, so that by means of gaugings it was 
possible to determine the exact quantity of sewage and 
storm water which was received into the respective sewers. 
The proportior of storm water which entered the storm 
sewer was found to be about 50 per cent. and included 
all the rain water, except that which fell on the back 
part of the roofs and upon the yards of the houses. That 
which fell at the back was taken into the foul sewers, 
because it was thought that if duplicate pipes were laid 
up allthe passages there might at some future date be mis- 
takes in making connections, with the result that foul 
drainage might get to the rivers, and my subsequent 
experience has proved that this was not an unneces- 
sary precaution. It is difficult to speak generally as 
to the advantages or otherwise of a separate system, 
as before giving an opinion one should be acquainted 
with all the circumstances of the case. In a new 
scheme dealing with a flat district it might be found 
more economical to adopt a separate system, while 
in an old town the cost would render this imprac- 
ticable, and if the gradients were good the benefit to 
be received would be very much less than where there 
was little fall. 


23517. Is your sewage settled, and, if so, how—i.e., 
by quiescent settlement or continuous settlement—and 
what length of time does it stay in the tanks or take 
to pass through, as the case may be? Would you 
kindly give an average analysis of the tank liquor, 
including the figures for suspended solids?—In the 
experiments conducted at Sheffield both quiescent and 
continuous: settlement have been tried. In the first 
case two or three hours are allowed, in the second the 
sewage takes about eight hours to pass through the 
tanks. Continuous settlement is being adopted for 
the new scheme. The tanks in both cases have been 
sludged at least once per week. Analyses of the tank 
liquors will be furnished. (See Mr. Haworth’s evidence.) 


23518. What time would be necessary for you to 
gain a good tank liquor containing, say, no more than 
8 parts per 100,000 of suspended solids from your 
sewage (without the addition of chemicals) by 
quiescent settlement and by continuous flow ’settle- 
ment ?—Two to three hours by quiescent settlement 
and eight to twelve hours’ by continuous flow settle- 
ment, provided that the sludge be removed frequently 
from the tanks. 


23519. Do you prefer to use settlement tanks in 
series or in parallel ?—I prefer to use settlement. tanks 
in parallel. This is a simple process, and, provided 
there is length enough to ensure the necessary settle- 
ment, passage through a single tank is sufficient. The 
average length of the tanks I have designed is 221 ft. 
for one portion and 260 ft. for the remainder. 


23520. In the case of continuous flow tanks do you 
think there is any advantage in the employment of 
baffling boards or walls?—A decided advantage is to 
be gained by the employment of baffling boards and 
walls. In the new tanks at Sheffield scum boards will 
be fixed, and there will also be sunk walls near the 
inlet ends of the tanks. These will retain the heavy 
detritus at one end and facilitate the sludging. For 
the information of the Commissioners I hand in a 


section of one of the proposed new tanks which has 
been prepared. 


23521. How is the sludging of tanks done at your 
works, and what is the character of the sludge? Does 
any nuisance attend the operation, and, if so, is it 
serious? Have you means of storing sludge, or do you 
have to get rid of it as soon as it is removed from the 
tanks ?—In the case of the existing precipitation tanks 
sludging is carrie] out twice or three times daily. 
The sludge, which contains 95 per cent. to 97 per cent. 
of water, is passed’ through a valve in the floor of 
each tank to the sludge culvert. No nuisance attends 
the operation. The sludge is pumped from the culvert 
and stored for several weeks in shallow ponds’ or 
lagoons, with the object of reducing the proportion of 
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moisture as far as possible. It is then conveyed by 
rail in special wagons and tipped upon land belong- 
ing to the Corporation, situate about six miles from 
the sewage works. The percentage of moisture when 
the sludge is taken away varies from 80 to 85. The 
liquid draining from the sludge stored at the works 
flows back, and is again treated with the incoming 
sewage. At the tip the drainage finds its way into 
a well, from which it is pumped by hand and treated 
on a bacteria bed. It is expected that the new 
settling tanks will have to be sludged about once a 
week, I should add that the sludge from an experl- 
mental septic tank at the works when drawn off was 
most offensive, and the gases evolved caused great 
difficulty and inconvenience to the men engaged. 


93522. Should the heavy (road detritus, etc.) por- 
tion of the suspended matter in sewage be removed as 
a first operation, or do you think it better and more 
economical to let everything settle in the tanks, and 
subsequently to screen the sludge?—The heavy por- 
tion of the suspended matter should, in my opinion, 
be removed before the sewage is allowed to enter the 
settling tanks. This is done in Sheffield by means of 
catch pits and screens. 


23523. What is the manurial value of the sludge, 
and will farmers take it?—The manurial value of the 
sludge is small, and farmers will not take it. They 
do, however, take as a gift the refuse from the catch 
pits, which contain offal, settlements from bone wash- 
ings, etc. 

23524. Are there any chemical poisons in it ?—No. 


23525. Do you find any nuisance from the treatment 
of sewage in settlement tanks? Have any complaints 
been made ?—No nuisance has been experienced from 
the treatment of sewage in the experimental settling 
tanks. 


23526. You have had experience of the chemical 
treatment of sewage?—Yes. The works at Sheffield 
were designed for lime precipitation, and these have 
been under my charge for more than twelve years. 
I also had experience in Leicester of precipitation 
works, which I believe were the first of their kind in 
England. They were constructed in 1854, and designed 
by Mr. Thomas Wicksteed. 


23527. Have you any reason to think. that sewage 
from which the solids have been removed by the aid 
of chemicals is less easily purified by subsequent 
filtration than sewage from which the solids have 
been removed by settlement or by passage through 
septic tanks ?—So far as lime treatment is concerned, 
the experiments for the treatment of the effluent upon 
contact. beds were a practical failure. 


£3528. Have you tried various chemicals ?—No other 
precipitant than lime is used. 


°3529. What is the most effective way of adding 
chemicals ?—In order to ensure perfect slaking the 
lime is stored for at least three weeks before use. It 
is then carried to circular mixing machines, in which 
it is mixed with sewage and well churned by rotating 
arms, From the mixing machines the milk of lime is 
discharged into channels through which the whole of 
the sewage intended for the precipitation tanks must 
pass, and in these channels there are baffling walls 
to ensure thorough mixture. This method has always 


proved satisfactory, and I do not know of one more 
effective, 


_ 23530. What length of time does the sewage remain 
in the precipitation tanks ?—-When possible, the sew- 
age remains in the precipitation tank for about 45 
minutes, but when the quantity to be dealt with is 
above the normal this period has to be reduced. 


23531. Do you find it necessary to add further 


i A to the sludge before it can be dealt with ?— 
O. 


23532. What is the manurial value of the sludge ob- 
tained by the chemical precipitation of the sludge, 
and will farmers take it?—What I have said as regards 
the sludge from settlement tanks applies also to the 
sludge from the precipitation tanks. 


23533. Does the sludg# from the precipitation tanks 


contain any chemical poisons?—None have been dis- 
covered. 
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23534. Do you find any nuisance from the treat- 
ment vf sewage in chemical precipitation tanks? 
Have any complaints been made :—No nuisance arises 
during the treatment of sewage in the precipitation 
tanks. Complaints have been made, but on investiga- 
tion these have been found to be due to the emptying 
of the catch pits. 


23535. As regards septic tanks, how should they be 
shaped ?—I consider the best shape for a septic tank 
is a long rectangle. The floor should be a sloping one 
with the greatest depth at the inlet. end—this in order 
that the sludge may be collected at the earliest moment 
in a position least liable to disturbance by the flow of 
sewage. 


23536. Should the tanks be divided into sections ?— 
As in the case of settling tanks, I think sunk walls are 
desirable to prevent the sludge from being carried 
forward. 


23537. Should they be used in series or in parallel ? 
—In my judgment it is sufficient to pass the sewage 
through a single tank of suitable length. 


23538. Is a scum necessary or desirable ?—Not that I 
am aware of. 


23539. Should a septic tank be closed in, and, if 
so, what advantages does a closed tank possess over am 
open one?—To cover a large septic tank installation 
would be an exceedingly costly matter, and at present 
I am not aware of any advantage to be gained which 
would warrant the expense. 


23540. What do you consider the best arrangement 
for the “ feed’? and “ draw-off”” ?—Both inlet and out- 
let should consist of a narrow slit across the whole 
length of the end wall of the tank, the inlet in a posi- 
tion well below the surface. This shape tends to 
secure a broad, slow-moving stream which has the least 
liability to disturb sludge. 


23541. At what rate is sewage, as a matter of custom, 
passed through your septic tanks?—A volume of sew- 
age equal to the nett capacity of the tank is passed 
through in about 24 hours. It should be added that 
the tank is only an experimental one of 50,000 gallons 
capacity when clear of sludge. 


23642. What is the most advantageous rate of flow 
through septic tanks?—The answer to that must 
depend largely upon the strength and character of the 
particular sewage to be dealt with. From 12 to 24 
hours should be sufficient, and I do not consider that 
at the 12 hours’ rate there should be any undue dis- 
turbance of sludge. The rate should be as rapid as is 
consistent with the removal of a maximum quantity of 
suspended solids. I should like to qualify this answer 
by adding that my opinion is based only on the work- 
ine ct the small experimental tank at the Sheffield 
works. 


22543. Is it possible to “ over-septicise” a sewage, 
and, if so, for what reasons and how is the “ over- 
septicising” brought about?—It is possible, and when 
sewage is allowed to remain too long in the tank the 


eens is not so suitable for treatment on contact 
s. 


25544. Do you think a certain amount of sludge 
should be removed periodically from septic, tanks, or do 
you prefer to work them for a considerable period with- 
out cleaning and then remove all the sludge?—The 
Sheffield tank has been worked for long periods with- 
out sludging, but the accumulation should not be 
allowed to go on so long that sludge rises in the tank 
and is carried out with the effluent. 


23545. How do you think the sludge should be taken 
out of the tank, and how should it be disposed of? 
Does any nuisance attend the operation ?—The septic 
tank sludge has been found much stiffer than that in 
other tanks. It has been disposed of in the same way 
as the other siudge. It is more objectionable in its 
character, and the work of removal is offensive. 


23546. Do you find that the suspended solids coming 
away with the tank liquors tend to increase in amount 
towards the end of the period of working, i.e., as the 
time approaches for removing sludge from the tank ? 
—Yes. 


23547. Should any portion or the whole of the sewage 
which arrives at the outfall works in storm times he 
passed through the septic tanks ?—I do not consider a 
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septic tank system suitable for dealing with storm 
water sewage. 


23548. If storm sewage were passed through a septic 
tank would this cause an increase in the amount. of 
suspended solids issuing from the tank ?—If the rate 
of flow was increased I anticipate there would also be 
an increase in the amount of suspended solids issuing 
from the tanks. At the same rate of flow, passing 
storm water through the tank instead of sewage, pro- 
bably the proportion of suspended solids would be 
decreased. 


23549. With certain automatic gear the level of the 
liquid in a septic tank fluctuates. Have you made 
any observations for the purpose of determining 
whether such fluctuations disturb the proper working 
of the tank in any way as, e.g., by causing an increased 
amount of suspended solids to issue from the tank ?— 
No. ‘ 


23550. Do you find that septic tank liquor is.more 
easily treated on filters than settled sewage or than 
precipitated sewage, assuming that in each case you 
have the same amount of suspended solids in your tank 
liquor ?—I have not found that septic tank liquor is 
more easily treated than settled sewage, but it is more 
suitable for treatment on contact beds than chemically 
precipitated sewage. Experiments with quiescent and 
continuous flow settlement have been made side by 
side with the septic tank treatment, and the settled 
sewage treatment has shown the following advantages : 
—(1) Settlement gives a tank liquor containing a 
smaller percentaze of suspended solids with more ease 
and certainty than septic tank treatment. (2) A larger 
volume of sewage can be treated with the same tank 
capacity. (3) There is less difficulty in dealing with 
the sludge produced, the quantity being a small one at 
frequent intervals, whereas in the case of septic tanks 
it is usually a large quantity with long periods be- 
tween each operation. (4) The sludge is much less 
offensive than that from septic tanks.~ (5) The liquid 
portion of the sewage is frequently made more impure 
and difficult to treat by contact with the products of 
the digestion of the sludge. 


23551. Have you any data on the relative value of 
plain septic tanks and septic tanks filled with rough 
stones or flints ?—No. 


23552. Do you find any nuisance from the treatment 
of sewage in septic tanks? Have any complaints been 
made?’—The working of the experimental tank has 
given rise to complaints from those engaged about it, 
and I am afraid that if the system was extended to 
_ deal with the whole of our sewage there would be 
more general complaints. 


23553. Do you think it desirable that the suspended 
solids in sewage should be removed as far as prac- 
ticable before sewage is filtered ?—I think it very de- 
sirable that suspended solids should be removed as 
far as practicable before filtration. 


23554. How do you consider that the removal of sus- 
pended solids can best be effected?—By means of 
catch pits and settling tanks. 


23555. Have you any experience of any mechanical 
device or any special tanks for freeing liquor of sus- 
pended matter before delivering it to filters ?—No. 


23556. What, other, if any, method of dealing with 
tank liquor befofe delivering it to filters do you regard 
as necessary or advisable ?—If there is sufficient pro- 
vision of catch pits and settling tanks I do not think 
any other method is necessary. 


23557. May I ask you to put before the Commission 
a full statement of your views as to the comparative 
cost and relative advantages of the various methods 
of settlement. JI am not sure whether it would be pos- 
sible for you to make this comparison on the assump- 
tion that in each case you reduce the same sewage 
down to the same figure for suspended solids, but if 
this could be done it would. be useful to include a 
comparison on this basis. Kindly include the follow- 
ing methods so far as you have experience of them :— 
Quiescent settlement without chemicals; quiescent 
settlement with chemicals ; continuous flow settlement 
without chemicals; continuous flow settlement with 
chemicals; septic tank treatment?—From the point 
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of view of initial capital expenditure I believe the 
best form of settlement to be quiescent settlement 
without the use of chemicals. This, however, is not 
practicable in Sheffield, except by pumping, for 
although the town is hilly the district in which the 
works are situate is flat. Continuous flow sett'ement, 
also without chemicals, has therefore been decided 
upon. I consider that either of these methods is. 
cheaper than septic tank treatment in arriving at a 
given result, and in neither case do I think there would 
be difficulty in the subsequent purification of the tank 
liquors, nor would there be much difference in the 
annual cost. With regard to the question of nuisance, 
this would be more likely to arise with septic tanks 
than by either of the other methods I have mentioned. 
The sludge from septic tanks is more offensive in its 
character than that from settling tanks, though per- 
haps less in quantity compared with the volume of 
sewage. It is quite likely that one method may suit 
some kinds of sewage and that another would be pre- 
ferred for others. This, however, would depend upon 
the factors in each case, and I would not care to fix 
a rule. 


23558. As regards contact beds, is it advisable to 
construct the whole or any part of the interior of 
building materials, or may you in some cases dispense 
with this entirely ?—Assuming that reference is made 
to the walls of the tank, before deciding whether build- 
ing materials should be used it would be necessary 
to take into consideration the area and price of the 
land obtainable, whether any source of water supply 
might be affected, also the nature of the ground— 
whether impervious clay could be utilised, etc. In 
the case of Sheffield, where the land ayailable is 
limited in extent and expensive to purchase, the tanks 
will be constructed with concrete walls and floors. 


23559. Do you find that within certain limits the 
depth of contact beds may vary without affecting their 
efficiency? If so, what limits do you think are per- 
missible?—Yes. Contact: beds with a depth of 5 ft. 
have been in use here about six years with satisfactory 
purification. I should not recommend a depth much in 
excess of 5 ft., as with such beds there would neces- 
sarily be more danger of incomplete aeration. 
with a depth of 3 ft. to 4 ft. would present less diffi- 
culty in this respect. For the new beds 4 ft. of filling 
is proposed. 


23560. What do you consider is the most convenient 
size for a contact bed ?—In a small scheme the size of 
contact beds must be governed to some extent by the 
quantity of sewage. The size should, if possible, be 
such that filling can be carried out within one hour. 
For a large scheme I consider beds with an area of 
about half an acre and a depth of from 3 ft. to 4 ft. 
very convenient to work. The capacity should in any 
case be such that the withdrawal of a single bed from 
use for purposes of rest does not seriously interfere 
with the capacity of the works. 


23561. What do you find to be the best filtering mate- 
rials? What is the material (which can be had in 
practicable quantity) that, while efficient, is in your ex- 
perience the least disintegrable in a contact bed ?—The 
materials which have proved satisfactory are (1) hard 
clinker from steel works ; (2) refuse destructor clinker ; 
(5) screened boiler clinker. All of these are only 
slightly disintegrable, and several years’ work has 
little effect upon them. Coke has proved inferior to 
these materials, as it is more liable to disintegration. 


23562. What size should the filtering material be, 
and should it be graded in the beds ?—The best results 
have been obtained from graded beds. Experimental 
beds 3 ft. deep, graded as follows, have given a satis- 
factory effluent from settled sewage :—Top layer 3 in. 
thick ;} 1) i ;a ug>; 9in., Zin. to Hin. gauge ; 24 in. 
15 in. to Zin. gauge. The material used was furnaces 
clinker. Distribution channels should be cut in the 


material forming the top layer and lined» with fine 
screenings. 


23563. How should the bottom of the bed be con- 
structed ?—Where a natural bottom is not permissible 
I should recommend the use of concrete laid with a 
slight fall towards the outlet. The under drains 
should be open-jointed pipes or channels formed in the 
concrete bottom, with loose perforated covers. Tha 
under drainage should, if possible, be so arranged 
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that when the emptying of the bed has been completed 
to the normal point the pipes or channels still remain 
full of effluent; otherwise when the bed is refilled the 
unpurified tank liquor will first fill these pipes, and 
their contents, which will never be properly purified, 
will deteriorate the effluent. 


23564. Do you think it generally desirable that 
sewage should be subjected to some form of tank treat- 
ment before it is put on contact beds ?—Yes. 


23534.* What periods of filling, standing full, empty- 
ing, and standing empty do you consider best in prac- 
tical working for primary beds and for secondary beds ? 
—Primary beds: Eight-hour cycles, namely, filling, 
one hour; standing full, one to two hours ; emptying, 
one to two hours; resting to complete eight hours. 
Three fillings per day may be given to a bed in an 
active condition, but in the early stages a bed should 
be worked more lightly, and might be allowed to stand 
full for a longer time. Secondary beds: Filling, one 
hour; standing full, one hour; emptying, one to two 
hours; resting to complete eight hours. For short 
periods secondary beds can be filled four times per 
day, and the resting periods shortened without detri- 
ment. Both primary and secondary beds should also 
be rested for 24 hours in each week, and in cases where 
signs of inefficiency appear extra periods of rest should 
be given. These periods would no doubt require modi- 
fication according to the nature of the sewage under 
treatment. 


23565. How should contact beds be filled and 
emptied ?—Contact beds should be filled as steadily as 
possible, allowing the sewage to spread evenly over 
the surface without disturbing the filtering material. 
Emptying should also be performed steadily, other- 
wise solid particles are carried out of the bed in the 
effluent. After considerable experiment I am of opinion 
that the best means of distribution is by means of 
surface channels. 


23566. Have you had experience of automatic gear 
for filling and emptying contact beds?—The question 
of automatic gear has been considered, but I have 
not adopted it. The satisfactory working of automatic 
filling and emptying apparatus must largely depend 
upon the sewage having uniform flow and strength. 


23567. What amount of tank liquor per cubic yard 
of filtering material can in practice be properly treated 
in a primary contact bed in 24 hours?—On the basis 
of the method of working I have described, 120 gallons 
per cubic yard per day can be treated upon beds which 
have been in use from three to four years. When the 
beds are new the quantity which can be dealt with is 
somewhat larger. The amount must vary with the 
quality of the tank liquor, i.¢., if the season is a very 
dry one the sewage will be stronger, but less in volume, 
therefore it would not be necessary to fill the beds so 
often and more time could be allowed for purification, 
which with the stronger sewage would be necessary. 


23568. What amount of liquid from a primary bed 
can in practice be treated per cubic yard of filtering 
material of a secondary bed in 24 hours ?—Speaking 
generally, on the basis of three fillings per day the 
secondary contact beds would have a capacity of about 
160 gallons per cubic yard, as compared with 120 
gallons for first contact beds. 


23569. Can these quantities be increased by more 
frequent filling and emptying in times of storm with- 
out impairing the efficiency of the beds or the quality 
of the effluents?’—The Sheffield beds have for short 
periods been filled more than the usual number of 
times without apparent injury or deterioration in the 
guality of the effluent. I therefore think it probable 
that the quantities given could be temporarily in- 
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creased in times of storm without impairing the effi- 
ciency of the beds or the quality of the effluent. This 
question has not been closely investigated. 


23570. Is one contact sufficient for the conversion 
of certain’ tank liquors into a satisfactory effluent? 
If so, we should like to know what tank liquors you 
refer to, and what effluent you are regarding as satis- 
factory ?—Speaking of a tank liquor similar to that 
represented by the analyses handed in, and assuming 
that the outfall is a river of fair size, I am of opinion 
that treatment by single contact is sufficient. With such 
a liquor single contact usually gives an effluent approxi- 
ane to the standard of the West Riding Rivers 

oard. 


23571. At what rate or rates do primary contact 
beds and secondary contact beds lose their water-hold- 
ing capacity?—I hand in tables showing the result 
of observations of about five years’ working of both 
first and second contact beds. These particular beds 
were noted, because they were of watertight construc- 
tion, and therefore more accurate gaugings were pos- 
sible than was the case with the earthern tanks. The 
capacity of the empty tank to the filling point (care- 
fully marked) was 47°5 cubic yards (8,022 gallons) for 
the first contact bed, and 52°7 cubic yards or 8,900 
gallons for the second. A curve has also been pre- 
pared and is produced, which, together with the tables, 
will illustrate the results. 


TypicaAL EXAMPLES OF GAUGINGS OF A 1ST ConTacr BED. 





a2 Wa er 
Capacity of Number of Capaci y 
pe | Bete | Sp | Ble 
sa a =109). 
1900. 
July 23rd - 4,555 1 56°7 
Juy 25th - 3,772 5 47-0 
Sept. 5th - 3,292 122 410 
Dec. 52h - 2,778 392 34°6 
1901. 
March 4th - 2,336 628 29 4 
June 1l0ch_~- 2,301 858 28°6 
Sept. 2nd - 2,180 1,084 27:1 
Dec. 3rd - 2,180 1,224 27-1 
1902. 
March 4th - 2,021 1.439 25-1 
June 3rd - 1,980 1,673 24-6 
Sept. 2nd - 2,013 1,907 25-0 
Dec. 2nd - 2,013 2,114 25 0 
1903. 
March 3rd_s- 1,744 Pack yl 21°7 
June 2nd - 1,785 2,548 22:2 
Sept. 7th - 1,551 2,800 19-3 
Dec. 7th - 1,518 3,014 18-9 
1904. 
Feb. 15:h ° - 2,088 Be Bele) 26-0* 
March 7th - 2,104 3,231 26:2 
June 6th - 1,920 3,465 23-9 
Sept. 5th : 2,020 3.699 25:1 
Dec. 52h - 1,971 3,915 24-5 
1905. 
April 2rd - * 1,712 4,221 21°3 


* After turniag material completely over. 
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TyPpicaL EXAMPLES OF GAUGINGS OF A2ND Contact Bep. 








Dat renee of | Number of wana 
ore fr aibad fillings. (empty tank 
" = 0). 
1900. 
Aug. llth - 4,320 1 54:1 
Aug. 13th - 7,378 5 49°1 
Sept. 5th = =- 4,229 66 47°6 
Dec. 5th a 4,021 338 45:1 
1901. 
March 4th - 3,962 573 44:5 
June 10th - 3,932 802 43:0 
Sept. 2nd - 3,584 1,018 40-2 
Dec. 3rd - 3,408 1,178 38:2 
¥ i; 
1£02. 
March llth - 3,344 1,394 37°5 
March 18th - 3,611 1,405 40-5* 
June 3rd J 3,507 1,603 39°4 
Sept. 2nd - 3,416 1,837 38°3 
Dec. 2nd 4 3,277 2,044 36:2 
1903. 
March 3rd__s- 3,513 2,261 37:2 
June 2nd : 3,258 2,478 36°6 
Sept. 7th - 3,308 2,730 oT) 
Dec. 7th - 3,118 2,944 35°0 
1904. 
March7th~ - 2,935 3,161 32-9 
June 6th - 2,988 3,395 32°8 
Sept. 5.h - 2,718 3,629 30-4 
Dec. 5th < 2,790 3,835 31:3 
1905. 
April 3rd - 2,627 4,123 29°5 


* Material completely turned over on March 12th. 


23572. Is the loss of capacity in direct proportion {o 
the volume treated and the amount of suspended solids 
contained in the liquid which is put into the bed or 
to the fineness or coarseness of the material of the 
bed, or on what does it depend?—In my experienc? 
the net loss in capacity is not in direct proportion to 
the volume treated. The amount of suspended solids 
contained in the liquid put into the bed is an important 
factor, but there are other matters to be taken into 
consideration. 


23573. Can the material of a clogged bed be washed, 
and, if so, how can this best be done, and at what 
cost 7—I have only had small quantities washed as an 
experiment, and this by hand, but I think it very 
probable that washing on a large scale could be satis- 
factorily carried out within a practicable limit of cost. 


23574. How can the capacity of contact beds be hest 
maintained ?—Firstly, the greatest care should be taken 
to intercept suspended solids as far as possible; 
secondly, the distributing channels should be lined 
with very fine material as a further means of inter- 
cepting suspended solids which may pass the settling 
tanks, and these channels should be frequently 
cleaned; thirdly, any falling off in capacity should 
be carefully noted, and a period of rest given to the 
hed affected. 


23575. Do you find any chemical poisons in your final 
effluent ?—No. 


23576. Is the first flush of effluent from either set 
of beds ever putrescible?— At times the first flush 
from the first contact beds is slightly putrescible. 
This is probably due, at any rate to some extent, to 
the fact that the underdrains get filled with tank 
liquor as I have described in dealing with the con- 
struction of the bottom of contact beds, and might 
be prevented by arranging the underdrains as there 
suggested. 


23577. Do you find that by increasing the number of 
fillmgs in storm times or other times the amount of 
suspended solids is increased’—In the experiments 
earried out by me this difficulty has not arisen, be- 
cause the number of fillings has not been increased 
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in times of storm. Nothing but sufficiently settled sew- 
age should be allowed to pass on to the contact beds. 


23578. May contact beds in times of storm be used 
as streaming filters without detriment to their cus- 
tomary efficiency, and, if so, do you think there are 
advantages in so working them ?—I have tried this for 
short periods only without any apparent detriment. 
The storm water was very dilute. 


23579. What was the cost of your contact bed instal- 
lation per acre, and how much liquid do you treat per 
acre per 24 hours in crdinary times and in storm 
times?—As the present contact beds are of less per- 
manent construction than those included in the pew 
scheme, I had probably better give the estimate for 
tlhe latter. The number of beds proposed is 60, with 
a total area of about 30 acres, and the estimate, in- 
cluding material, is £133,767. This does not include 
feed conduits. Six experimental beds were laid down 
about the year 1899. There are three first contact beds 
with an area of filtering material of about 5,000 square 
yards, and three secondary beds with a similar area 
of 4,500 yards. These tanks are roughly constructed 
with natural bottoms, and the excavated material was 
used for the tanks. The filling was coke, and the 
approximate initial cost £3,000 for six beds. Since 
then other experimental beds have been constructed, but 
not on so large a scale. 


Mr. C. F 
Wike, 
M.Inst. C.E. 
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The present contact bed installation at the Sheffield . 


works only deals with a proportion of the sewage, and 
there has been no variation in the quantity treated per 
acre per 24 hours either in ordinary times or in case of 
storm, except for purposes of experiment. Sewage 
is treated both by single and double contact beds, 
the depth varying from 3 ft. to 5 ft. 


23580. Do you find any nuisance from the treatment 
of sewage on contact beds? Have any complaints 
been made?—No nuisance has been created, and no 
complaints have been received. 


2358]. Have you had any experience of continuous 
or percolating filters ?—No experiments with continuous 
or percolating filters have been carried out in Sheffield 
except that, as I have previously mentioned, the 
contact beds were used for short periods as stream- 
ing filters. I have gone into the question of percolating 
filters, and my conclusion is that such a system would 
not be satisfactory for us. I may say, generally, I 
do not think sewage could be satisfactorily treated 
in percolating filters without some preliminary tank 
treatment. 


23582. Are you able to make any comparison of the 
cost and relative advantages of contact beds and perco- 
lating filters?—As a result of my inquiries I have 
formed the opinion that contact beds are preferable. 
They are both cheaper and simpler than percolating 
filters. Less fall is necessary, and this is an advan- 
tage in flat places. The mechanical appliances which 
are considered necessary for percolating filters are un- 
necessary for contact beds, and, judging from tha 
analyses, less suspended matter would be carried 
out by the effluent froma contact bed than from a 
percolating filter. The results from contact beds are 
so good and the expense of working is comparatively 
so small that I do not see where percolating filters 
can give any advantage which would compensate for the 
additional expense involved and want of simplicity. 


23583. Do you know whether the chance of nuisance 


‘is any greater with one form of filter than with another? 


—I have not had the opportunity of giving the con- 
tinuous observation to percolating filters that would 
be necessary to enable me to say what risk of nuisance 
there may be in their use, but no nuisance arises from 
contact beds as worked in Sheffield. 


°23584. Have you made any comparative observations 
which show how many gallons per cubic yard per 24 
hours of your tank liquor or tank liquors could be 
satisfactorily purified on a percolating filter, and how 
many gallons per cubic yard on contact beds ?—No. 


23585 Have you had any experience of storm 


water filters ?—So far, storm water filters have not b 
used in Sheffield. nee 


23586. You are unable to say, then, whether storm 
water filters lose any of their efficiency by only being 
used intermittently at long intervals ?—Unless storm 
water filters were kept regularly fed as described in 
my answer to an earlier question (No. 23507) I do not 
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think there would be any effectual bacteriological 
purification. 


23587, Have you any practical suggestions to make 
for disposing of sludge ?—The sludge removed from the 
catch pits at Sheffield, which consists of sewage screen- 
ings and material from detritus tanks, is taken by 
farmers for use as manure without payment. It 1s 
not found practicable to make any use of the sludge 
from the precipitation tanks, but when the settlement 
tanks are in work it may be found that the sludge col- 
lected in them is of more value, as it will not con- 
tain a considerable proportion of lime, as is the case 
in sludge from precipitation tanks. No attempt has 
been made to dispose of the septic tank sludge (which 
bears a very. small proportion to the whole) separately 
from the other sludge produced. Speaking generally, 
I do not know any be'ter way than that adopted of 
disposing of sludge, except at excessive cost. Pro- 
bably the siudge from a small work in a country 
district could be utilised for manurial purposes, but 
where the quantity is very large a properly-managed 
tip seems to be the best solution of the difficulty, 
Tois method has been in operation ia Sheffie'd about 
12 years. 


23588. Do you find that some methods of disposing 
of sludge are more likely to cause nuisance than others ? 
—I have not tried any other method. 


23589. What, in your opinion, constitutes a good 
effluent ?—What constitutes a good eluent must de- 
pend very largely upon the character and volume of 
the stream into which such effluent is passed. Speak- 
ing generally from an engineer’s standpoint, and leaving 
out of the question very small streams which are en- 
tirely free from pollution, and badly-polluted streams, 
I consider that all effluents ought to be non-putrefactive 
and of such a degree of purity that they will at any 
rate not have a deleterious effect upon the stream 
into which they pass. 


£3590. Do you consider that the type of effluent from 
a contact bed is superior or inferior to the type of 
effluent from a percolating filter?—In the matter of 
suspended solids I am of opinion that contact beds 
would give a superior effluent. 


23591, What test or tests do you chiefly rely upon 
in judging of the quality of an effluent, and for what 
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reasons ?—The most important test seems to me to be 
that for putrescibility. This is largely a chemist’s 
question, but I have always recognised the advisability 
of keeping up a regular system of tests, not only in the 
matter of analyses, but also for putrefaction. A - 
chemist and his assistant have for some years formed 
part of the staff of my department, and are constantly 
engaged in this work. 


23592. Is one standard for all effluents passing into 
non-potable streams possible and desirable?—I con- 
sider that a single standard for all effluents passing 
into non-potable streams is very undesirable. 


23593. How should a plurality or series of standards 
be formulated ?—The standard of purity of an effluent 
should have some relation to the condition and volume 
of the stream into which it is turned. If a hard-and- 
fast line is laid down this would mean, to quote an 
instance (although the comparison is rather against 
ourselves), that York—with a population equal to 
about a quarter that of Sheffield, emptying into the 
Ouse, a river with a much greater flow than the 
Don—would be required to give an effluent as pure 
as that of Sheffield, and this notwithstanding that their 
outfall is little above the tidal limit. Looking at the 
matter from the opposite point of view, some of the 
smaller districts in the watershed of rivers or streams 
emptying into the Don have their own works, the 
effluent of which is discharged into very small streams, 
and if a single standard is to be enforced they would 
turn out an effluent of no greater purity than Shef- 
field, although instead of emptying into a river of 
fair size their effluent would at some seasons of the 
year practically form the whole flow of the stream into 
which it is supposed to empty. If a central authority 
to deal with sewage purification matters is established 
I think it might very usefully discriminate as to the 
standard of purity to be required from works dealing 
with the sewage of different districts emptying into 
rivers and streams of varying size and condition. 


23594, How far do you consider it advisable for a — 
sewage installation to be worked automatically ?—I 
do not consider it advisable for ordinary sewage in- 
stallations to be worked automatically for the reason 
already given—that, generally speaking, satisfactory 
automatic working must depend upon a uniform. flow 
and quality of sewage. 


Mr. Jonn Haworrn, F.C.8., Chemist in ‘Charge of the Sheffield Corporation Sewage Works, called in ; ana 


Mr. Joh : 
ean Examined. 
F.C.S. 


23595. (Chairman.) You are Mr. John Haworth, Fellow 
~ of the Chemical Society, and Chemist at the Sheffield 

ae es Lae Corporation Sewage Works ?—Yes. A 
23596. Do you find that the trade effluents at Sheffield 
interfere with the process of purification by reason of their 


quality, variations in composition, fluctuations of volume 
or otherwise ? If so, would you kindly tell us what your 
difficultics are ?—I hand in a Tabular Statement showing 
briefly what the effect is as regards each kind of trade 
waste, 





TABULAR STATEMENT. 


Nature of trade waste and 
quantity. 


Effects on lime precipitation process. Effects on setiling tanks and contact beds. 


Brewery waste. 
20,000 to 30,000 gallons 


per week and much fresh 
cooling water. 


Hops and waste yeast.in suspension pass 
into the effluent channels. 


Hops and waste yeast pass from tanks to 
contact beds... Sudden rushes of waste 
occur at times producing a liquid, treated 
only with difficulty. 


Tron pickle. 
50,000 to 100,000 gallons: 
per week of strong pickle. 


This waste is generally strongly acid, and 
large volumes are discharged suddenly. 
The liming arrangements are temporarily 
disorganised and frequently sewage: passes 
the liming house insufficiently limed before 
the presence of the waste can be observed. 


Great care is necessary to avoid discharges 
of strong acid pickle upon the contact beds, 
the acid being sufficiently strong at times 
to cause'sterilisation. If diluted, the waste 
merely deposits iron-hydroxide on the 
material of the contact beds, but causes no 
other inconvenience. 


Tripe-dressers, fell-mongers 
and skin-dressers wastes. 
Ten to twelve tons of 
offal per week. 


The liquid portion of these wastes is usually 
diluted, so as to cause little inconvenience. 

The solid portion deposits in the catch-pits, 
channels, ete. 

Oils and tarry matter. ‘ 
Irregular discharges oc- 
curring two or © three 
times per year of 2000 to 
3000 gallons of whale oil. 


Necessitate skimming from tanks, ete., 
yvith much labour, | ; 
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Nature of trade waste and 
quantity. 


Tannery waste. 
10,000 gallons in two or 
three discharges per week 


Ammonium sulphate waste. 
dealing with this waste. 


Grinders and stone cutters 
waste. Slack washings 
and grain washings. 
Including 10 to 12 tons 
of small coal deposited in 
catchpits per week. 


otherwise detrimental. 


23597. In dry weather what is the average amount of 
suspended matter in the Sheffield sewage, and what are 
the highest and lowest figures, in parts per 100,000 ?—The 
average amount is 50-23 parts per 100,000 ; highest pa 
138-57 ; and lowest figure, 18-71. 


23598. What is the physical character of these solids ? | 


—tThe solids in suspension in dry weather contain—Smal] 
coal, sand from grinding operations, iron oxide, paper 
fibres, vegetable debris, flocculent matter, with fat and 
ofial among the grosser solids. 

22599. Can you give us average analyses of the sewage 
for the years 1903 and 1904 in summer and winter ?7— 
Yes. The analyses are :— 














_.. Parts per 100,000. 
Oct. °02 | Apr.’03 | Oct. ’03 
to to to 
Mar. ’03. | Sept. ’03. | Mar. 04. 
Oxygen absorbed in 4 
hours - - - 7:13 7°50 6 63 
Ammoniacal Nitrogen - 2°75 3-02 2-05 
Albuminoid Nitrogen - 4s $2 74 
Chlorine - - - 11-28 12°14 10-06 
Numberofsamples - 46 30 | 30 





SUSPENDED SOLIDS In SEWAGE DURING A Srorm on Fresruary 1378, 1905. 


Effects on lime precipitation process. 


The precipitation process is incapable of 
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Effects on settling tanks and contact beds. 


In combination with iron salts, this waste The inky liquid is incompletely decolorised 
produces “ Ink upon which the precipt- 
tation process has no effect. 

Sudden discharges of the waste together 
with iron pickle render it impossble to 
produce a satisfactory tank effluent. 


by a single contact and oxidation is by no 
means complete. 
A second contact usually removes the 
colour, and non-putrescible effluents can 
be obtained, 


The great difficulty with this waste is due to 
the discharge of large volumes suddenly, 
thereby producing a very concentrated 
liquid for treatment. 


Increase deposits in catchpits, but are not 


33 


23600. How do you think “ strength’ of sewage as 
affecting purification is best expressed or measured ?— 
For practical purposes the determination of oxygen 
absorbed in four hours, and albuminoid nitrogen indicate 
the strength fairly satisfactorily, as the amount of puri- 
fication necessary, and a general idea of the nature of the 
impurities are thereby indicated. 


23601. Have you any information as to the bacterio- 
logical condition of the sewage in dry weather and in 
storm times ?—No. 


23602. Are there any chemical poisons in your sewage ? 
If so, what are they, and to what extent do they occur ?— 
Free acids and sulphocyanides are present periodically. 


23603. Is your sewage always alkaline ?—The sewage 
is usually very slightly alkaline, except during discharges 
of acid wastes such as iron pickle, from manufactories near 
the Sewage Works ; the sewage then gives an acid reaction 
for short periods. 


23604. Do you find that the amounts of suspended 
solids are increased or diminished in times of storm ; and 
can you give the Commission the figures at the end of each 
hour during a storm of some hours duration ?—I hand ina 
Table giving the results of determinations made during 
a storm. 


RAINFALL: ‘11 Inc. 





























Parts per 100,000. 
ere: Total Solids Organic and 
in Suspension. Mineral. Volatile. 
10.50 a.m., befoze rain - - - - 59-24 9-92 y 49-32 
11.50 am. - - - > - - 60°24 5:04 55:20 
2.50pm - - - - - -| 67:12, 13-20 53-92 
ee ll CK 170-07 76-62 93-45 
Pope te | 125-93 50-55 75:38 
359 pm. - - - - - - 133-46 63°03 70°43, 
cis 101-2) 67°33 33:87 
6.50 p.m - . - - - - 100°69 47-06 53°54 
6.50 p.m - : - - . 97:93 26°93 71-00 
7.50 p.m a . . - - 41°73 15°33 26°40 
8.50 p.m. - = - : > 40°06 18°66 21°40 
9.50pm. - ee 2626 15-06 11-20 
ee, See a eee 





This table indicates the general variation in the amounts 
of suspended solids during a storm. The first determina- 
tion was made before the effects of the rain were observed 


at the Works, and the final one when _the storm’ overflow 
nearest the Works ceased to operate. 


Mr. John 
Haworth, 
FOS: 





15. May 190°. 
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Mr. John 23605. Could you give us an analysis of a typical storm ?—Yes. a 
Haworth, sample of your road water during the early period of a 
F.CS. 





15 May 1905. . 
sie ANALYSES OF ROAD WATERS FROM GULLIES TAKEN 2ND May, 1905. 





Results expressed in parts per 100,000. 








| Oxygen absorbed | Ammonia (as N.) Solids in Suspension. Solids in Solution. 
in 4 hoursat laby. 
Nature ot Sample. temp. Seocud pee 
Free and |Albumin.| ‘°* ~*~ on Loss on 
' ; Saline. oid. hes igni- Ash. | Total. ignition, Sah 
Total. |Sotution. ae g 


‘ 


ete ———— — ———— ~ — OF 











Bree aire: ae 11:99 | 3:04] 0-082 | 0-469 | 2-0 | 4657/1407 | 32:50| 30-71 | 14:57 | 16-14 





Wood paving from ' ‘ ; Y 
Castle Street s 7:59 3:14 | 0588 | 0-489 2°6 | 28-57| 13-21 | 1536] 41-43 | 21:00 | 20-43 





Castlefolds cee 18-63 | 12:71 | 2-588 | 10-5404 6-6 | 65-00] 39-33] 25-67 — | — | — 


paving in Shambles 


Tar Macadam from 
Stanley Street - 





38°61 ListO Nee erly 1-471 5-0 (254-28 | 98-64 |155-64] 91°72 | 38°86 | 52:86 





23605*. What is the character of the liquid part of the given of samples taken each hour during each twenty-four 
sewage in storm times ?—Perhaps you could illustrate hours in wet weather; the hourly samples being mixed 
this answer by analyses of the liquid portion of the sewage for analyses. Similar analyses of samples taker during dry 
in dry weather and in storm times ?—The liquid portion periods are given. The suspended solids were removed 
of the sewage in storm times frequently becomes very by settlement in tanks only. 
weak after the first flush. Comparative analyses are 
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23606. Would you kindly give us an average analysis 
of the liquid from your settlement tanks ?—The following 
is an average analysis of the tank liquors (settled sewage) 


taken during periods of six months :— 








Parts per 100,000. 





Oct. 02 | Oct. 703 





to to 
Mar. ’03. | Mar. 704. 
Oxygen absorbed in 4 hours - | rave 4:33 
Ammoniacal Nitrogen - - sper 2t 1-69 
Albuminoid Nitrogen - | 43 -40 
Chlorine . a io elites tie 9 98 
Suspended Solids (58 samples) —- | 10-75 — 








re ae ee OF 
23607. Have you data to show what proportion of 
the suspended matter in your sewage is settled in $-hour, 
1, 2, 3, 4, 5, 6, 12, and 24 hours, if the sewage is given 
quiescent settlement ?— 
The following is the re-ult :— 
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Parts per 
100,000. 


4°81 
3°97 
“84 


The solids are exceedingly light, and remain in sus- 
pension for long periods. 


Total suspended solids - tn. . 
Organic and Volatile solids - = 2 £ 
Mineral solids : - 2 us Js : 


23510. Is it possible to “ over-septicise ” a sewage, and 
if so, for what reasons, and how is the “ over-septicising ” 
brought about ?—It is quite possible to over-septicise 
a sewage. Sewage allowed to remain in the tank for too 
long a period has been found to be highly charged with 
sulphuretted hydrogen and other products of the 
decomposing sludge, and to be very difficult to treat on 
the contact beds. 


23611. What is the amount of digestion in your septic 
tanks, and how do you calculate this? How far do 
you find that the digestion is affected by atmospheric 
temperature 7—An experiment conducted as accurately 
as possible indicated a digestion of 32:9 per cent. of 
sludge. 

This result was obtained from the following data :— 

1. The suspended solids entering the tank were 
determined. 


2. The suspended solids leaving the tank were 
determined. 


ESTIMATIONS OF SUSPENDED SOLIDS IN SEWAGE. 


Results expressed in parts per 100,000. 


























» Taken 2’ 6” below surface of Taken from surface of No. 4 tank. 
No. 4 tank. 27-28 April, 1905. 10-11 May, 1905. 
Time. 

Total. scree Ash, Total. eat Ash. 
After being stirred up - . 20-40 4-87 15:53 57°57 33°90 23°67 
a . thr settlement - 19-86 8°62 11-24 22-00 13-43 8-57 
53 ldhrs eae eo 13-14 3°61 Poe 21-43 13-04 8-39 
o 2k ; = - 11-86 3:47 8-39 16°43 10-19 6-24 
3 3h, ; 9-29 1°62 7°67 16°14 9-90 6:24 
a 8-14 1-47 6-67 15-57 9:86 5-71 
» 5h, By 7-29 0:95 6°24 13-43 WP: 5-71 
i 64., as - - 6°43 0:90 5-53 12°43 7°33 5:10 
; Wais : - 5-57 0-76 4-81 1}-I4 6°31 4-83 
; a ; - 5-00 0-76 A-24 9-29 4-73 4-56 

















23608. What is the average analysis of the liquor from 
your precipitation tanks ?—The following is an average 
of 202 samples of tank effluents from the Lime 
precipitation process :— 


Parts per 


100,000. 
Oxygen absorbed in 3 minutes” - - - sed GE 
Oxygen absorbed in 4 hours - - . - 2°80 
Ammoniacal Nitrogen - . - - - => 1 OO 
Albuminoid Nitrogen - - - - - - +152 
Chlorine - - - - - - - 10°54 
4°81 


Suspended solids (9 samples) - z é 


23609. What is the character of the suspended matter 
in such liquor ?—Determinations of 9 samples gave the 
following average composition of the suspended solids. 


6225—Ap. I. 


3. The quantity of sewage passing through the 
tank was gauged. 

4. The sludge remaining in the tank at the end of 
the period was weighed, and the suspended solids 
contained in it were determined. 

The scum on the tank is found to increase in thickness 
during the winter months, and to decrease during warmer 
weather, but no further observations have been made. 

23612. Do you find that the suspended solids coming 
away with the tank liquors tend to increase in amount 
towards the end of the period of working, ¢.e., as the time 
approaches for removing sludge from the tanks 7— 
Yes, the solids begin to increase after three to four weeks, 
work, and in the later stages masses of lighter sludge 
rise, and pass out with the effluent. 

23613. What amounts of suspended solids, stated 
in parts per 100,000, are contained in your septic tank 
liquor at the commencement of the period of working 
the tank, 7.e., just after the tank has been cleaned out, 
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and at the end of the period, ¢.e., when tank is thrown 
out of use for the purpose of cleaning out, and what is the 
average amount ?—Hight to eleven parts per 100,000 
in the early stages rising to seventeen to eighteen parts per 
100,000 after several months of work. The quantity 
is, however, very variable in the later stages, as at certain 
periods large quantities of solids rise in the tank and pass 
away in the effiuent, with a temporary improvement 
following. 


23614. Do you think it is desirable that the suspended 
solids in sewage should be removed as far as practicable 
before sewage is filtered ?—If so, what do you consider 
a practicable limit to get down to ?—The suspended solids 
in the sewage should be reduced to eight to ten parts 
per 100,000 by suitable tank treatment. 


23615. As regards contact beds, is one contact sufficient 
for the conversion of certain tank-liquors mto a satis- 
factory effluent ?—If so, what tank-liquors, and what 
effluent are you regarding as satisfactory 7?—Average tank 
liquors of the quality referred to previously (see Question 
23605) can generally, by a single contact, be converted 
into effluents which approximate to the standards of 
the Mersey and Irwell Joint Committee and of the 


MINUTES OF 


EVIDENCE : 


West Riding Rivers Board, and frequently when these 
standards are slightly infringed the effluents are non- 
putrescible, and do not take up dissolved oxygen from 
wrated water excessively. 

The following average of analysis illustrates the tank ~ 
liquors treated and the results produced by single contact 
treatment :— 














Parts per 100.000. 
Tank Liquor. Effluent. 
Oxygen absorbed in 4 
hours - . - ae ee! 1-68 
Ammoniacal Nitrogen’ - 2°70 144 
Albuminoid Nitrogen” - “43 17 
Chlorine - - - - 10°57 10-42 
Suspended Solids - - 10°75 — 
Nitrogen as Nitrates and 
Nitrites ate : —_- 40 











The following series of incubator results, and percentages of loss of dissolved oxygen illustrate the behaviour of 
such effluents when mixed with well aerated water in the proportion of two of tap water to one of effluent :— 





Mixtures of two of tap water and one of effluents. 





[Incubator tests at 80 degrees Fahr. for 6 days. 
Oxygen absorbed in 3 minutes. 


Loss of dissolved 
Oxygen in 24 hours at 
60 degrees Fahr. 








1904. Before. 
September 26 33 
9 5 20 
; 27 22 
: : » 27 
, ” 49 
* 28 16 
, 29 °37 
& Ps 29 
October 3 36 
, 4 19 
$5 5 16 
3 6 ‘26 
Ee 9 28 
0 10 33 
" 11 ‘ll 
” 14 “41 
5 19 20 
<4 20 1] 
Saye) | 16 
; 24 ‘21 
x 25 30 
. 26 ‘12 
7 aa ‘10 
Average 24 








p. Putrescible. 











After. Per cent. 
31 58-2 
20 38-2 
"1G 69-9 

23 32-4 
50 x 56-6 
atl 11-4 
“oT 42°3 
30x 32-0 
0 75-4 
17 28-1 
13 14-4 
20 23-2 
29 x 44-5 
33 318 
09 27°6 
47 p 73°6 
“i, 31:7 
‘08 12:7 
“12 17-4 
‘21 30-2 
82 x 63-2 
10 176 
‘08 10-7 | 
23 i 
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23616. Is the loss of capacity in contact beds in direct 
proportior to the volume treated and the amount of 
suspended solids contained in the liquid which is put 
into the bed or to the fineness or coarseness of the material 
of the bed, or on what does it depend ?—In addition to 
purely mechanical causes, and the effects of undigested 
solids, the growth of the gelatinous coating, which forms 
upon the surface of the material of the bed, contributes 
to reduce capacity. The direct effect of the amount of 
suspended solids can therefore hardly be determined. 


23617. How can the capacity of contact beds he best 
maintained ?—Close attention to the analytical results 
of the liquor treated, and of the effluents are essential, so 
that the proper periods of rest may be given. 
in nitrification, indicating reduced digestion, in the bed, 
and eventually undue loss of capacity, must receive 
careful attention. oa 


23618. What are the average analyses of your single 
contact effluent and your double contact effluent ?—The 
figures are :— 


First Contact Effluents, 
Oxygen absorbed in four hours 1°68 parts per 100,000 


Ammoniacal nitrogen sr sd Ae als be. be 
Albuminoid es ate! WF nll ee bia 
Chlorine - - - OA Oras hed es. i 
Nitrogen as Nitrates and 

nitrites mins) - Bie BAC 1979s. ld 49 


Second Con’ac! Hffluents. 


Oxygen absorbed in four hours 60 parts per 100,000 


Ammoniacal nitrogen - - 1 Le, SR ” 
Albuminoid i - - O58) 1 ,..'ttney, x 
Chlorine - - - Sei SME «tlhe, & : 
Nitrogen as Nitrates and 

nitrites - - - - 164 CC, 


>] 3? 


23619, What is the average amount of suspended matter 
in the primary bed effluent, and the secondary bed 
effluent {/ Does most of this suspended matter come out 
with the first flush or not ?—The suspended matter is:— 


First contact effluents - - 
Second ri a - 


3°58 parts per 100,000 
1:85 99 29 29 


There is slightly more suspended matter in the first flush 
but such solids continue evenly throughout the discharge. 


23620. To what extent do you find that the organic 
matter of the suspended solids issuing in the effluent from 
a contact bed, is different from the organic matter of the 
suspended solids going on to that bed ?—No detailed 
analyses have been made, but the solids are usually less 
putrescible and frequently in Sheffield consist largely of 
iron hydroxide. 


23621. Is the first flush of effluent from either set of 
beds ever putrescible ?—The first flush from first contact 
beds is at times putrescible but not from second contact 
beds. By a modification of the under-drainage as 
mentioned in the City Surveyor’s evidence probably this 
could be avoided. 


23622. What, in your opinion, constitutes a good 
effluent ?—An effluent conforming to the provisional 
standards of the Mersey and Irwell Joint Committee for 
oxygen absorbed in four hours and albuminoid ammonia, 
would be a good effluent, and in practice I have found 
that effluents which slightly infringe those standards, as 
shown in the-analyses furnished by me, are frequently 
non-putrescible, and therefore in my opinion suitable for 
discharge into non-potable streams. Such effluents 
should not contain more than five pts. per 100,000, of 
suspended solids, and should not absorb a large quantity 
of dissolved oxygen from well zrated water. 


23623. Do you consider that the type of effluent from a 
contact bed is superior or inferior to the type of effluent 
from a percolating filter ?7—I have not had much ex- 
perience of effluents from percolating filters, but effluents 
similar to those from the Sheffield contact beds usually 
contain less suspended matter than those from percolating 
filters, are rich in nitrates, are not putrescible, hold dis- 
solved oxygen, and support fish life. 


6225—Ap. L 


Falling off ~ 
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23624. What test or tests do you chiefly rely upon in 
judging of the quality of an effluent, and for what reasons ? 
—The oxygen absorbed in four hours and the free and 
albuminoid ammonia, and nitrogen as nitrates and nitrites 
determinations are made, from which an opinion can be 
formed as to the effectiveness of the treatment and the 
general liability to putrescence of an effluent. This 
opinion is further confirmed by the incubator test, and 
the determination of the rate of absorption of dissolved 
oxygen from erated water. For the frequent checking 
of the quality of effluents the oxygen absorbed in four 
hours, the incubator and nitrate tests are found convenient 
and reliable. 


23625. Have you tried the “ration” test, z.e., the rate 
at which dissolved oxygen is taken up by an effluent ?— 
Yes. Results have already been supplied to the 
Commission in the Monthly Tables of Analyses 
(See Appendix to Mr. Haworth’s evidence), and further 
results have been given in answer to a previous Question 
(No. 23615). 


23626. Could you make a short statement setting forth 
the values you attach to the different chemicai tests in 
use for determining the qualities or conditions of sewages 
and effluents ?—Yes, 


Oxygen Absorbed in Four Hours’ Test.—This test is 
useful in indicating, approximately, the total work 
required to purify a sewage, and the general efficiency of 
the result produced. 

Free and Saline, and Albuminoid Ammonia.—These 
determinations in combination with the above test 
indicate the general character of the impurities in the 
sewage, and the progress of the purification when applied 
to the effluent. 

The Nitrogen as Nitrates and Nitrites determination 
indicates the efficiency of the process and is most valuable 
as an indication of the quality of the effluent, and also as 
to the condition of the bed. 

Suspended Solids.—The determination of suspended 
solids is of the greatest value, as it has an important 
bearing upon the capacity of filter beds and the effects 
of effluents upon streams. 

Incubator Test.—This test is most valuable in determin- 
ing the liability of an effluent to become putrescent. 
Effuents, which bear this test successfully, are in no way 
liable to cause nuisance when discharged to a stream. 

Rate of Absorption of Dissolved Oxygen.—This test is of 
great value in indicating the probable effect of an effluent 
upon the water of a stream to which it is discharged. 
An effluent which holds dissolved oxygen satisfactorily is 
not liable to cause further nuisance. 


23627. What are your views with regard to the quanti- 
tative determination of the “strength ” of a'sewage, tank 
liquor, etc. ?—For practical purposes the “strength ” of 
sewages and tank effluents is indicated by the oxygen 
absorbed in four hours and free, saline, and albuminoid 
ammonia, and suspended solids determinations. These 
determinations are convenient to perform, and I know of 
none more generally satisfactory. 


23628. Now, on Question 23489, how were the contents 
of privies and middens and closets disposed of ?—(Mr. 
Wike.) A great proportion is collected and taken to 
tips. 

23629. They are collected by the municipal authority ?— 
Yes. 

23630. And that is done without any nuisance I pre- 
sume ?—Well, a minimum amount of nuisance. We have 
a large piece of land some distance from the centre 
of the town to which the contents of the privies 
are carted. You will see by the answer to that 
Question (23489) that we are gradually converting 
these privies into water closets. We have also two 
destructors at which a certain quantity of the contents 
of the privy middens are consumed, but not a very 
great proportion. It is proposed to erect two additional 
destructors. 


23631. Then Question 23497, you say, “It is impossible 
for me to say what volume passes over the overflows.” 
You could not even give us an approximate estimate ?— 
No, on some steep gradients an overflow might come 
into operation, say, in ten minutes. Certain of our 
sewers, however, have gradients of not more than 3 ft. to 
the mile, and running into these sewers are others 
coming down steep streets with gradients of 1 in 5. 
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On these steep sewers the overflows would come into 
operation very quickly, but those on the main sewers 
with flat falls might be a long time before they would 
operate. 


23631.* Would you consider that the amount passed 
over the overflows was a very large amount ?—It is in 
times of heavy rain. 


93632. Would it be half as much we will say, as the 
volume of the treated sewage ?—Yes. 


23633. You think it would be half as much ?—I 
think it would be. That is, at certain of the overflows. 
Probably it might be convenient to explain here that 
the town itself is a very large one; it is about twelve 
miles in length; the altitudes vary from 100 feet above 
Ordnance Datum at the sewage works to 1,600 feet ; 
in the higher parts and inside the city boundary we get 
a rainfall vavying from twenty-one inches at the 
sewage works to thirty-seven inches at the higher 
altitudes—a difference of sixteen inches, which would 
affect the overflows a good deal. 


23634. On Question 23506, you say, “‘ I mention these 
figures to show that a large proportion of the Sheffield 
sewers are comparatively new and therefore in gocd 
condition, and have gone into detail touching some 
of the points as evidence has been given before 
another Commission, based JI feel sure upon a 
misconception of the facts.» Now, what other Commission 
is that ?—It is the Inter-Departmental Committee on 
Physical Deterioration. The question was, “Is the 
drainage of Sheffield bad?” The reply was “It is 
bad. First of all there is a large number of rubble sewers. 
Then there is the privy midden system.» Another 
question was, “There being practically no main drain- 
age?°2 The reply was “ Yes.\ The authorities of 
Sheffield felt they had been misrepresented, as since 
1886, the Corporation have spent a sum of £429,401 
in the construction of sewers, which includes £102,000 
for the re-construction of thirty miles of rubble sewers. 


23635. Who gave that evidence ?—The evidence was 
given by Mrs. Greenwood, who was formerly an inspector 
under the medical officer of health. There has been no 
opportunity of refuting this statement, and I thought 
it advisable to do so now. 

23636. Then on Question 23527 you say, “So far as 
lime treatment is concerned, the experiments for the treat- 
ment of the effluent upon contact beds were practically 
a failure.” Have you any theory to account for that ?— 


‘That would be on account of the alkalinity of the limed 


effluent which seemed to sterilise the contact beds. 
Analyses for the experiments were made at the time, and 
ean be forwarded to the Commi:s on. 


23637. On 23543, as to the possibility of over septicising 
the sewage, did you make any ob-ervations on that poit ? 
—No. 


23638. But did you make enough to enable you to 
speak quite positively, and to say positively that it is 
possible to allow sewage to remain too long ?—No, I did 
not; it is only my opinion. 

23639. And on Question 23550 you say that septic tank 
liquor is more suitable for treatment on contact beds 
than chemical precipitated sewage. Now, can you 
speak quite positively as to that ?—Only from my exper- 
ie.ce at the works. It is rather a chemical questioa. 

23640. Do you feel confident about that ?—(Mr. 
Haworth.) Yes. Such lime effluents as are at present 
produced at Sheffield appear to sterilise the contact beds. 
When an ordinary lime effluent was put upon the single 
contact bed it was found that the purifica’ion was 
practically nothing. I attributed it myself to the strong 
alkalinity of the effluents which contain 5 to 7 grains per 
gallon of free lime. 


23641. And you found that as the result of several 
trials ; not only one ?—Yes, the experiments were going 
on for some two or three months when I first came to 

heffield. 


23642. On Question 23573 you say you think it very 
probable that washinz on a gertain large scale could be 
satisfactorily carried out; do you know anything of that 
practice at other places than Sheffield ?—(Mr. Wike.) I 
have seen works at Manchester and Birmingham but f 
do not know that they have any process for washing on 
a large scale at the present time. : 
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23643. When you say you think washing on a large 
scale could be satisfactorily done you are only expressing 
an opinion ?—Yes; I think it will be p ssible to do it 
instead of having these enormous quantities of clinker or 
other material to turnover fromtimetotime. It may be 
possible to wash it by means of pressure. 


23644. And on Question 23579 do you find that the 
cubic yard of the shallow beds has the same purifying 
effect as the cubic yard of the deeper beds ?7—We have 
not tested the deeper beds because the first beds we 
made were constructed in a rough and ready way, and the 
test would not have been very accurate, but later tests, 
the results which have been supplied to you, have been 
conducted in perfectly water tighttanks. From the first 
beds we got very good results, but the bed: were rather 
crude in construction. About 24 acres of these beds 
were put down, the earth being simply dug up and made 
into banks; and the bottoms drained and covered with 
ashes. It was a natural bottom and was found 
to leak ; therefore, any figures given mi:ht have been 
nisleading ; the figures are, however, as accurate as could 
be taken; and have been supplied to your Commission. 


23645. On Question 23587 you seem to con*empla’‘e the 
possibility of sludye becoming more valuable when it is 
free from lime. Several people have told us that it is 
the lime that gives it a manurial value, but you do not 
find that so ?—It depends upon the land for which the 
sludge is wanted. Some time ago a tenant of the Duke 
of Newcastle, who has land which is very sandy, had a 
quantity of our sludge for an experiment. He wished 
to have it dried, but we could not do that, so the sludge 
remained in lumps and would not disintegrate. It is 
now several years since he had it and he ean still trace 
where the sludge has been put on the land, the crops are 
so very green. We have a sale only for certain parts of 
the sludge—that taken from the catchpits which con- 
tains offal from slaughter houses. They will take this 
but the other we cannot get rid of. 


23646. (Sir William Ramsay.) I should rather like te 
ask Mr. Haworth a question or two. I should like to 
ask as regards your tabular statement if the iron 
hydroxide which you speak of in answer to Question 
23596 tends to clog the beds; does it pass through at 
any time ?—(Mr. Haworth.) A large proportion of it 
remains in the bed. A portion of it passes out and 
deposits from the effluents after standing a few days, 
but the greater proportion, I think, remains in the bed. 


23647. Then do you allow the effluent to subside 
at all in order to get rid of that ?—No, I have simply 
observed it in samples kept in bottles. 


23648. What river do you drain into in Sheffield ?— 
The Don. 


23549. Does it deposit there ?—No, we have not 
observed it. 


23850. Is it a rapid river ?—Fairly rapid. 


23651. It is carried down ?—It is carried down when 
present ; but, of course, the proportion of the bacterially 
treated effluent is comparatively small, as it is dis- 
charged together with the lime effluent. In the case 
of the lime effluent, of course, the iron is removed almost 
entirely. 


23652. Is the reason why you use lime in order to 
utilise the acid; to remove iron ?—Well partially, of 
course, and, in order to assist the clarification. 


23653. You do not require to add iron ; it is the very 
opposite ; you want to remove it ?—No, if we could 
only spread the discharges of iron over the twenty-four 
hours we should heve quite sufficient for a suitable cop- 
peras and lime process. 


23654. Are any steps being taken to obtain a regular 
delivery of trade effluent ?—The question of regulation 
is under consideration, and in one case recently the 
discharge of the iron liquor has been stopped, or rather 
it was acase in which permission was asked, and refused, 
and the people are now evaporating the liquor, recover- 
ing the acid and disposing of the crystals of ferrous sul- 
phate. 


23655. I suppose you would be very glad if some 
scheme could b2 adopted for distributing all these trade 
effluents equably over the twenty-four hours ?—It is 
very desirable and very necessary. 
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23656. In answer to Question 23597, you give the 
average amount of suspended matter in the Sheffield 
sewage as fifty parts per 100,000. How much of that 
is organic ?— About 50 per cent. 

23657. It is just about half ?— About half, yes; I will 
hand in the figures. 


23658. In answer to Question 23600 you suggest the 
oxygen absorbed and albumincid nitrogen as a measure 
of the strength of sewage, but do you get parallel results 
in your case at all owing to the amount of ferrous salts 
making the oxygen absorbed quite out of proportion 
to the albuminoid nitrogen ?—Yes, we do at times, 
but generally speaking they run fairly close together ; 
there are times when they are utterly out of pro- 
portion, and I should combine the two tests. I do not 
mean that either of them would indicate the strength 
alone. Albuminoid nitrogen would indicate the amount 
of nitrification necessary ; if the albumincid nitrogen was 
low and the oxygen absorbed was bigh one would assume 
that iron pickle or some trade waste was present and 
that it was not a case of strong domestic sewage. 


23659. Are there mineral poisons besides phenols and 
sulphate cyanide ?—I do not know of any. 


23360. Have you tested ?—Not specially ; I have not 
made any special examinations for poisons. 


23661. In answer to Question 23609, you speak of very 
light solids which remain suspended in your precipitation 
tanks; have you examined those solids in particular; 
do they consist of finely divided oxide of iron ?— Yes, it 
is largely iron hydroxide. 


23662. Suspended ?—Yes, in fact all the ashes from 
both sewage and effluents with few exceptions are quite 
red with the iron. 


23663. I presume that befcre treating your sewage in 
your septic tank you lime it down, do you not ?—No. 


23664. You do not lime it down ?— Not at all. 


23665. Is it possible to get an effluent of sulphuretted 
hydrogen in such enormous amounts as you have in the 
sewage ?— Yes, we get the iron in the case of the septic 
tank coming out as sulphide. : 


23666. But surely you never have sulphuretted hydro- 
gen ?— In addition to that we have sulphuretted hydrogen. 
Bright lead plates are turned black very readily. 


23667. Really, in spite of all that iron beingpresent ?— 
Yes. 


23668. And when it isin that state it is very difficult to 
treat on the contact beds I presume ?—Very difficult. 


23669. Do you find the sulphide of iron gives you trouble 
on the contact beds ?—I find that a liquor which con- 
‘tains a large proportion of sulphide of iron, or which has 
been rather a lengthy period in the tanks—say two 
days—is very difficult to treat on the first contact bed. 
‘The result is that the purification is reduced very 
rapidly; when the septic tank has rested for, say, a day 
~we find the next discharge from it is very difficult to 
itreat, and we get a reduced purification. 


23670. How long did your experiment mentioned in 
answer to Question 23611 go on; it deals with the digestion 
of sludge ?—Seventeen months. 


23671. And then how often do you take samples for 
canalyses, roughly speaking ?—Samples were taken daily, 
and the daily samples were mixtures of hourly samples, 
cand they were analysed from three to four times per 
week. ; 


23672. (Colonel Harding.) Might I on that point, Sir 
‘William, ask a question on the digestion of sludge. What 
do you quite mean in saying that you find there is a 
digestion of 32°9 per cent. of sludge; do you mean to 
say that there is a digestion of that proportion of the 
sludge lying in the tank, or that that is the proportion of 
the suspended matter originally in the sewage ?—That 
is the proportion of the total suspended matter in the 
sewage. 


23673. Then it is not really the proportion of digestion 
of what is left in the tank ?—No, it is the total digestion. 


23674. Calculated upon the original amount in the 
sewage ?—Calculated upon the original amount in the 
sewage. 
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23675. That, of course, makes a very important dis- 
tinction ?—Yes, quite so. 


23676. (Sir William Ramsay.) In answer to Question 
23622 you suggest that a good effluent is one which does 
not contain more than five parts per 100,000 of suspended 
solids, and should not absorb a large quantity of dis- 
solved oxygen from well aerated water. I presume that 
means, should not putresce ?—Quite so. 


23677. And you would regard that as the best test to 
apply to it ?—I do. In that question reference is made of 
the Mersey and Irwellstandards. I have frequently found 
that effluents which do infringe slightly those standards 
are at the same time non-putrescible. 


23678. And you regard a test for non-putrescibility 
as the best test ?—I think it is possible to have albuminoid 
matter in a non-putrescible condition as in the case of a 
very strong domestic sewage. I have frequently found 
effluents which have remained perfectly sound on incuba- 
tion to infringe the Mersey and Irwell standard for 
albuminoid ammonia to a considerable extent. 


23679. I should like to ask a question on 23626. Have 
you been able to arrive at an approximate ratio between 
the four hours oxygen-absorbed figure given by a sewage 
or tank liquor and the area of filter beds with a clarified 
sewage ? or between any one of those tests which you 
suggest are useful standards and the area of the filter 
beds required to treat the effluent ?—No, I have not 
gone personally into that. 


23680. (Major-General Carey.) Question 23490, the dry 
weather flow, based on water supply is 8,492,000 gallons, 
and apparently from the record of your summer and 
winter flow that is nearly 6,000,000 of water from other 
sources which enter the sewers ?—(Mr. Wike.) 3,500,000 
gallons I have put in my answer. 


23681. Come back to my figures. Your dry weather 
flow based on water supply is 8,500,000 gallons. Your 
record of the average dry weather flow is over 14,000,000 
winter and summer ?—Yes. 


23682. That leaves a large balance of nearly 6,000,000 
gallons to be accounted for ?—The 8,000,000 does not 
include the trade water. 


23683. Partly trade, partly domestic, but how much 
of this difference of nearly 6,000,000 is due to subsoil 
water. It is a very large volume ?—The quantity I 
take is 25 gallons per head. That makes the sewage 
come to 10,000,000. I consider that we have got 
2,000,000 gallons of trade waste, and besides that there 
is 3,500,000 gallons a day which we know we get from 
the different works in the town to make up the 15,000,000 
gallons. 


23684. From other sources do you mean ?—Yes. 


23685. From wells ?--No, from mines and works; 
several of the large works have access to the river 
and take water for trade purposes. It is toa certain 
extent pure water, but instead of going back again into 
the river it is turned into the sewers. 


23686. In reply to Question 23490 you say a large 
amount of fresh water entering the sewers ought to be 
turned into the rivers or streams ?—Yes. 


23687. Are you referring to subsoil water 7—No, a 
great bulk comes from the works, being taken from the 
river, and after passing through the works with very 
little pollution is discharged into the sewers. 


23688. Can that volume be diverted entirely from the 
sewers ?—We are arranging with different works in order 
to eliminate this water and turn it into the rivers or 
streams. 


23688*. And is it sufficiently pure to be turned into the 
river direct without treatment ?—Yes ; some if it comes 
from mines, brick yards, streams, etc. 


23689. How is the storm sewage of Sheffield treated at 
present ?—Storm sewage ? 


23690. Yes ?—It goes through the works—that is, as 
much as the works will take—and the remainder goes 
over the overflows. 


23691. How do you treat the volume which comes to 
the works ?—It is passed through the tanks in the same 
way as the ordinary sewage. 
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23692. And afterwards ?—It is passed through the 
tanks, treated with lime in the usual way, and then the 
effluent goes into the river. 


26933. Is that the only treatment ?—That is the only 
treatment. 


23694. Merely lime treatment and then discharge 
directly into the river ?—Yes. 


23695. Is that to be the treatment of the future 7?— 
No. 


23696. What are you going to do ?—Taking the sewage 
at 12,000,000 gallons, we are providing for six volumes, 
three of which will receive the full treatment, and pro- 
vision is made for the remainder on storm beds. The 
scheme is now before the Local Gorercment Board. 


23697. It has not been decided ?—No, the inquiry 
was held in December, but we have not got the result 
et. 
: [Norz.—Since this evidence was given the Local 
Government Board have intimated their willingness to 
accept the s:heme subject to certain conditions, which do 
not, however, involve any alteration in the system of 
treatment. | 


23698. Would the tank area that you have pruposed, 
and the area of filter beds, be sufficient to treat the which 
of the storm sewage ?—We are providing 16 acres of 
storm filters in addition to the ordinary filter beds. 


23699. Besides ?—Yes. 


23700. Yousay in answer to Question 23507 : “If storm 
beds are not kept fed, they will be useless froma bacterio- 
logical point of view when storm water is passed over 
them.” Is there any difficulty in feeding storm beds 
from time to time from the regular tank ?—No, and 
by the arrangement I have adopted; we shall be able to 
pass sewage over the storm beds regularly. 


23701. And keep them in proper order from a bac- 
terial point of view ?—Yes, but it would be necessary 
to distribute the dry weather flow over both contact beds 
and storm beds. We have to provide sufficient of the 
former for three times the dry weather flow—about 
32,000,000 gallons altogether. Unless sich adistribution 
was arranged, supposing we had on a particular day a 
flow of 30,000,000 gallons it would simply go through 
the first contact beds, but if we got to 31,000,000 gallons 
the remaining 1,000,000 gallons would go over the storm 
filters. In a dry season it might be months before any- 
thing went over the storm beds at all, unless such an 
arrangement was made as that I have indicated. 


23702. Quite so, and you have got to keep those beds 
in working order practically ?—Yes. 


23703. There would be no difficulty in doing that ?— 


No. The plans are here if the Commission would like to 
see them. 


23704. Is there any provision made in the Sheffield 
scheme for detritus tanks to intercept the grit ?—Yes. 


23705. When you say that provision is made for 
passing the whole of the six volumes through the con- 
tinuous settlement tanks, you mean detritus tanks in 
addition to the continuous settlement tanks ?—Yes. 


23706. In answer to Question 23530 you say: ‘‘ When 
possible the sewage remains in the precipitation tank 
for about 45 minutes ;” is that right ?—Yes. 


23707. Forty-five minutes ?—Yes, of course the flow 
varies during the 24 hours. 


23708. When the quantity to be dealt with is above 
the normal, this period has to be reduced ?—Yes. 


23709. Can you reduce the period below 45 minutes ?— 
Yes, it is reduced when necessary. 


23710. Then what is the minimum period ?—That 
depends on the rate of flow. During very heavy rain, it 
would only be about ten minutes. 


23711. Would there be any settlement at all in ten 
minutes ?—The sewage would be very dilute. 

23712. (Sir W illiam Ramsay.) Is there any settlement 
in 45 minutes ?—Oh, yes. 7 

23713. Considerable ?—Yes; the tanks have to be 


sludged twice a day; they are in parallel, and there are 
30 of them, each holding 50,000 gallons. 
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23714. (Colonel Harding.) In the sheme that yow 
are proposing to carry out, Mr. Wike, I take it the scheme: 
has been approved by the Local Government Board and. 
is being carried out, is it ?—Not the present scheme. 
The old scheme of course was approved by the Local 
Government Board, but the present scheme was the 
subject of an inquiry held only in December last, and 
we are waiting for the Board’s decision. 


13715. At the present moment your scheme has not yet 
been approved ?—No. 


23716. The Rivers Board I think are pressing the Local 
Government Board to give their decision ?—Yes. 


23717. Then that is your final intention ?—Yes. 


23718. Your last intention; you may have to modify 
it ?—We may have to modify or enlarge it as the Local 
Government Board suggest. 


23719. In your scheme you are proposing to have 
flowing settlement, without chemicals ?—Yes, 


33720. Now the answers that you gave just now to 
General Carey did not seem to me quite to explain what was 
going to be done. What is the total capacity of tanks that 
you are proposing to put in ?—Sixteen tanks having a 
total capacity of 15,000,000 gallons. 

93721. The total capacity of the tanks will be equal 
to about a day’s dry weather flow ?—Yes, including the 
prezent fresh water dilution. 


23722. Then what was it that you said about 45 minutes” 
settlement ?—That referred to the present quiescent 
tanks for lime precipitation. 


23723. You were not alluding to what was going to be 
done under your new scheme ?—No, I was describing 
the present state of affairs. 


23724. Under your present scheme it would be a 24 
hours’ settlement ?—Yes, under the scheme submitted to 
the Local Government Boaxd. 


23725. And under normal conditions ?—Yes. 


23726. And in fact the Corporation of Sheffield propose 
at the same time to deal with a number of storm dilutions ? 
—Yes, we are providing 16 acres of storm beds. 


23727. You propose probably to pass some of these 
dilutions through these settlement tanks ?—They wilk 
all pass through the settlement tanks. 


23728. Sp there will be times when the speed of flow 
will be much greater than the 24 hours’ rate; it may in 
fact be a four hours’ rate if you pass six volumes ?—Yes. 


23729. Are we to take it that you propose to deal with 
six dilutions all through the settlement tanks ?—Yes. 


23730. And you consider that at times of storm a four 
hours’ settlement, unassisted by chemicals, will be suffi- 
cient ?—I think it will, Ours is a weak sewage—at least 
a moderate sewage. 


23731. I will ask Mr. Haworth this. If you have a 
24 hours’ settlement, and there is of course a slow rate 
suitable for a septic tank, will you not bring about septic 
conditions before the tank gets sufficiently full of suspended 
matter to warrant its being emptied ?—(Mr. Haworth.) I - 
should not propose to use the whole of the tanks in dry 
weather, but to increase the number as the flow increases. 


23732. Then a large proportion of this tank capacity 
would be reserve capacity for use in time of storm ?—Yes ; 
I should propose to use a sufficient number of tanks in 
order to get the solids down as low as possible—probably 
8 or 10 parts per 100,000. 


23733. That leads me to ask you what rate of continuous 
flow, unassisted by chemicals, you propose to have normal- 
ly for your dry: weather flow ?—Twice the capacity of 
the tank. 


23734. About twelve hours ?—Yes, and to have the 
tanks sludged, say, once a week. 

23735. And what result do you expect to obtain in sus- 
pended matter in the effluent ?—Well, an average of, say, 
8 to 10 parts per 100,000. 

23736. Now in coming to a decision of that kind, you 
have been guided by actual experiment no doubt ?—Yes. 

23737. And you have found that using the tanks not as 
septic tanks but simply as settlement tanks, the difference 
being that you empty them frequently instead of allowing, 
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the sludge to accumulate, you can really reduce to 8 or 
10 parts ?—Yes. If you refer to the suspended solids 
figures which are given at the end of the monthly returns 
you will find that in the early stages of the septic tank 
work the solids were down to about 8 parts per 100,000, 
or below, and of course that septic tank in its earlier 
stages would be in exactly the same condition as the flow- 
ing settlement tanks, 


23738. Tell me just why you propose to empty the 
sludge from these tanks every week so as to prevent the 
septic action ; is it because you think leaving the sludge 
in the tank and permitting septic action to be developed 
that you would get a large quantity of suspended matter 
in the effluent, or for what other reason ?—That is one 


reason; we should have the sludge produced in small . 


quantities regularly, and an accumulation of sludge will 
not occur ; there is less liability of having a large amount 
of suspended solids carried out. We have-found in our 
septic tank that after a few months wcrk the septic 
condition is complete, and that large masses of sludge 
rise in the tank and pass out with the effluent, the sus- 
pended solids at times being very high indeed; we wish 
to avoid that, . 


23739. Are you able to tell us what would be about the 
amount of suspended matter coming out in the effluent if 
the tanks were used as septic tanks at the same rate of 
flow ?—By increasing the flow from a septic tank ? 


23740. No; you are proposing to flow it at a 12-hours’ 
rate ?—Yes. 


23741. And you expect to reduce the suspended matter 
down to 8 or 10 parts per 100,000 ?—Yes. 


23742. And you propose in doing that to remove accumu- 
lations weekly ?—Yes. 


23743. Well, if you do not remove the accumulations 
weekly, and work the tank just in the same way, the 
same 12 hours’ rate, leaving the accumulations In, 
what increase of suspended matter would you expect to 
get from what would then become a septic tank ?—I 
should expect to get a very considerable increase, because 
in the case of the septic tank itself, at the 24 hours’ rate 
we find that after a few months the suspended solids 
figure increases very considerably. 


23744. I see; accumulations arise ?—Yes. 


23745. Have you tried any actual experiments at 
the 12 hours’ rate with the septic tank ?—Not with the 
septic tank, but we find with the 24 hours’ rate the 
quantity of suspended solids increases; therefore one 
might fairly assume that with the 12 hours’ rate th> 
quantity would be still larger. 


23746. Supposing you were using your tank as a 
septic tank, but you went on the plan of removing weekly 
some portion of the accumulated sludge, so as to main- 
tain a constant tank capacity, would you or would you 
not, do you think, obtain similar results to what you 
expect to obtain from this non-septic settlement ?— 
I think you would possibly obtain a satisfactory result 
in that way. = 


23747. Would the septic conditions of the tank bring 
about some digestion of the suspended matter deposited 
in it ?—To some extent. 


23748. To the extent that you have told us of—one- 
third ?—Yes. 


23749. Well, isnot that a proportion worth c2nsidering ? 
—~-Well, there are several points to consider in that matter. 
If you allow that digestion to go on in the tank, it means 
that your tank liquor is at times somewhat more difficult 
to treat in contact beds than it otherwise would be. 


23750. I am asking these questions with the idea of 
bringing out what your reason is for deciding upon an 
unassisted flowing settlement instead of septic settle- 
ment ?—Yes. 


23751. The capacity of your tanks being sufficient 
for either plan 7—Yes. 


23752. And I think I gather now that the real reason 
is that you think the septic effluent would not be 
so easy to deal with on filters 7—We have found that 
we can get a result rather better by our settlement than 
we have from the septic tank. 
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23753. Well, let us investigate that please. What 
is the nature of the parallel experiments that you have 
made ?—We have treated septic tank liquor on clinker 
contact beds, and given the double contact; and we 
have treated the settled sewage on clinker contact beds. 


23754, Identical contact beds ?—Well, not exactly ; 
the material is similar, but the grading of the material 
on the surface of the contact bed in the latter case was 
rather finer than in the other case. 


23755. Was the rate of flow exactly the same; was 
the number of fillings exactly the same ?—The number 
of fillings of the bed was the same. 


23756. And the only difference between the two was 
the question of the grading of the material?—That is all. 


23757. We'll, what was the difference in the results 
obtained ?—The difference was very slight, but it was 
in favour of the non-septic treatment. 


23758. Would you consider yourself warranted in 
saying that the results would have been better if the 
conditions had been quite parallel ?—I think so. You 
mean the results of purification ; merely from a purifica- 
tion point of view ? 


23759. Yes ?—Well, I do not think there would have 
been much difference. I think the results are so close 
that one could hardly say that one system would be 
better than the other, but there are other objections to 
the septic tank treatment perhaps more important from 
a practical point of view. 


23760. Will you tell us what they are ?—One of the 
chief reasons is the question of nuisance. The smell 
that we get from the septic tank, although it is only a 
small one, is such as to be a great nuisance to the men 
working near. 


23761. Are you able to suggest to us why in your 
case at Sheffield there should be this considerable nuisance 
from a small septic tank, when in other places where in 
their sewage they have a good deal of iron salts they do 
not find that result ?—I think there are other places 
where a similar result is found. 


23762. Have you found for instance at Manchester or 
Leeds there is much nuisance ?—No, I have not ; I have 
noted at other places that there is a great deal of smell 
from the discharge from the septic tank, and complaints 
have b2en made in the newspapers. 


23763. Well, in your particular case at Sheffield there 
is an evident nuisance ?—There is; I think Mr. Wike 
will confirm me in that. (Mr. Wike.) Yes, very strong. 


23764. Are we to take it that that is your main reason 
for not permitting septic conditions to arise in the settle- 
ment tanks ?—(Mr. Haworth.) That is one reason; 
another reason is the difficulty of dealing with storm 
water in tanks. We do not consider that we should be 
wise in putting a large vo'ume of storm water into tanks 
in a septic condition. 


23765. You are afraid it would wash out some of the 
accumulated matter ?—Yes, and I think the change 
from a septic liquor to fresh sewage on the contact beds 
would be rather detrimental. 


23766-7. You are not obliged to pass your storm 
waters through the septic tanks; you are, in fact, pro- 
posing to have a number of tanks as reserve tanks ?— 
Yes, that is so;. we are not obliged to do so, but we 
thought it better to make such an arrangement. 


23768. Now I would like to ask Mr. Wike one or two 
questions on the important matter of storm waters. 
In the scheme which Sheffield has at the present time 
laid before the Local Government Board, to what extent 
is it proposed to deal with storm waters ?—(Mr. Wike.) 
After three volumes the remainder will pass through the 
sixteen acres of storm beds. 


23769. The remainder to what extent ?—Six times the 
dry weather flow. 


23770. Of the six ?—Yes. 


23771. Then Sheffield pronoses to deal with thres 
volumes completely ?—Yes. 


23772. And to deal with three more volumes over some 
special beds ?—Yes. 
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23773. Actually Sheffield is not treating at all any 
storm waters ?—All the water that we can take is 
treated in the works. 


23774. What do you mean by “‘ that we can take” ? 
—That is up to 22,000,000 gallons a day. 


23775. Do you mean that the sewer can bring ?—I 
mean that the works cin take. 

23776. Can the sewer bring 22,000,000 gallons a day ? 
—Yes. 

23777. That is about, roughly, 50 per cent. of the dry 
weather flow ?—Yes, 50 per cent. in excess of the dry 
weather flow, 


23778. The dry weather flow being 15,000,000 gallons? 
—That includes 3,500,000 gallons of practically pure 
water. 


23779. Well, but nevertheless that is the proportion to 
the dry weather flow ?—Yes. 


23780. Your 3,500,000 gallons of practically pure water 
does not really affect the question seriously, because even 
with that amount of dilution, your sewage in its analysis 
is not dissimilar from the sewage of Manchester or Leeds ? 
—That I cannot say. 


23781. You are under the impression, perhaps, that 
it is exceptionally weak ?—I thought it was weaker than 
Leeds or Manchester. 


23782. I do not think the difference is very great, but 
you do not suggest, do you, that you are actually treating 
at present 22,000,000 gallons a day ?—Oh, no, I mean if 
there was a heavy rainfall and 22,000,000 gallons came 
down the sewer, 22,000,000 gallons would pass through 
the works; if there were 23,000,000 gallons, 1,000,000 
gallons would go over the overflow. 


23783. Then you do suggest if 22,000,000 gallons come 
you pass them at present through your lime precipitation 
treatment ?—Yes, we do. 


23784. Why do not 22,000,000 gallons come frequently 
to the works ?—Because that volume does not come 
without there is heavy rain. 


23785. But if there is rain sufficient to produce that 
quantity, it comes to you ?—Yes. 


23786. Because I notice that the amount you deal with 
in the year does not represent anything like 50 per cent. 
increase on the dry weather flow; it only represents 
about 20 per cent. increase, as shown by your answer to 
Question 23497 ?—An average of about 17,000,000 gallons 
is the treated flow. 


23787. There is an interesting question which you, 
as an engineer, may possibly give us your opinion about, 
and that is: Suppose you did deal with six volumes of 
your dry weather flow, what might that represent in 
proportion to the dry weather flow itself. For instance, 
suppose the dry weather flow during the year were re- 
presented by the figure 100, what would the dry weather 
flow plus five dilutions represent for the year ; how much 
would it add, do you think—50 per cent., 30 per cent, 
or how much?—I could not name a figure now. An 
investigation of the working of the storm overflows 
would be necessary, 


23788. Is it a matter that you have given any atten- 
tion to ?—-No, I am not prepared to give an answer. 


23789. But the addition of five dilutions to the dry 
weather flow might represent 50 per cent. increase over 
the year of the dry weather flow ?—I should think pro- 
bably it would, but I should not be prepared to give that 
as a definite answer. 


23790. Now as to this treatment of storm waters, you 
propose in your new scheme that the whole five dilutions, 
or six volumes, should pass through these settlement 
tanks ?—Yes. 


23791. And you propose to hold some of them in re- 
serve, so that they would all be used in times of greater 
flow. I think you said in answer to someone else’s ques- 
tion that that dilution at storm times would probably 
not increase the suspended matter coming away in that 
effluent, notwithstanding the increased rate of flow ?— 
{am afraid I do not follow yoyr question. 


23792. In times when you are passing a greater flow 
through the tanks, one would naturally expect that more 
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suspended matter would come out, there being less effi- 
cient settlement ?—Yes. 


23793. I think I gathered from one of your answers 
that you thought that storm waters being more dilute 
would not bring down so much suspended matter ?— . 
Thestorm waters at first will bring a great deal of sus- 
pended matter down. I have a curve here, and there 
is an analysis made by the chemist showing the variation 
of suspended matter during storm time. 


23794. Then during the time that the extra suspended 
matter is coming down, you would not get results so good 
as the usual from this process of settlement ?—No. 


23795. You would get a good deal more suspended 


. matter coming away ?7—You would get a great deal more 


suspended matter coming away. 


23796. Do you foresee that it would be necessary to 
have anything else besides this sedimentation ; do you 
foresee that it would be necessary, to get fairly efficient 
results, to have a process of filtration, for instance, 
for the storm waters ?—I think that the passing through 
the tanks alone would be sufficient. 


23797. Even for the first dilution ?—(Mr. Haworth.) 
Storm solids settle rapidly. (Mr. Wike.) A great quan- 
tity of the grit and mineral matter would be taken out 
in the catch pits. 


23798. Do you think that sedimentation alone would 
bring about sufficiently good results to permit of the 
effluent going direct into the stream without filtration ? 
—Yes, I think so. 


23799. Do you think that in regard to the first dilution, 
say, the first two ?—Well, sir, I think the first dilution 
contains a great deal of mineral matter, but settlement 
would take place in the catch pits before it got to the 
continuous flow tank. 

23800. Do you really think that it would settle them 
sufficiently ?—Yes. 


23801. But you are in fact proposing that the first 
two dilutions, the first three volumes of your sewage, ~ 
should have some arrangement of storm filters 7—We 
understand the Local Government Board require us to 
provide for six times the dry weather flow—three 
volumes by the complete proc2ss and a farther three 
volumes on the storm beds. ; 


23802. You are proposing to do this in deference to the 
view of the Local Government Board but not acting on 
your own opinion ?—To comply with what we think is 
their requirement. 


23803. And what you are proposing to do is to pass 
over the storm beds an effluent which had been previously 
settled ?—Yes. 


23804. And you keep your storm beds in condition by 
filling possibly once a day ?—(Mr. Haworth.) The storm 
beds are all arranged so that they may be used as first 
contact beds. (Mr. Wike.) Quite so, all of them. (Mr. 
Haworth.) What we are afraid of is that the Local 
Government Board will insist on a fixed weir so that 
we cannot discharge to the storm beds until two dilu- 
tions occur, so that we should have to take two dilu- 
tions with our regular plant before any sewage could 
pass to the storm beds. The regulation as I understand 
it is that we may treat two dilutions by our regular plant 
before we can allow any storm water to pass to the 
storm beds. 

23805. (The Secretary.) I think the Local Gevernment 
Board have actually enforced that ?—There are cases 
where the weir is fixed so that it would not come into. 
operation until two dilutions are flowing. 


23806. (Colonel Harding.) But you would prefer to treat 
these dilutions over other contact beds, not the same 
contact beds ?—I should prefer to have the whole area, 
both storm bed and contact bed area, available for 
treating the flow as it came and gradually increase the 
load, over the whole area rather than load the ordinary 
plant with it and merely put the excess on to a compara- 
tively large area of storm beds. ' 


23807. And do you say that the Local Government 
Board will not permit you to do that ?—Their decision 
has not been given yet. (Mr. Wike.) That is what I 
understood was their requirement, and that is what we 
are providing. 
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23808. Are we to understand that you are under the 
impression that the Local Government Board propose 
that you shall not use the special storm water beds until 
the flow exceeds three volumes over your normal plant ? 
—Yes, 


23809. (Str William Ramsay.) May I ask would that 
interfere with keeping your storm beds in order ?—(Mr. 
Haworth.) That is the difficulty ; I do not see how the 
storm beds could be kept in order by such an arrange- 
ment. 


23810. (Major General Carey.) That is the very point 
I asked in my examination of Mr. Wike, whether your 
storm beds could not be kept in order by diverting part 
of the sewage on to them instead of your ordinary tanks ? 
'—(Mr. Wike.) I thought I said they could. 


23811. That is how I understood you ?—Yes, that pro- 
vision is made in this scheme for diverting sewage, if found 
necessary, over the storm beds. 


23312. (Sir William Ramsay.) But you are afraid that 
that provision would be nullified by the Local Govern- 
ment Board ?—It is only fair to say the scheme is before 
the Local Government Board, and we have not heard 
from them since the inquiry last December. 


23813. (Colonel Harding.) What causes you to think 
that they take that view ?—I gather that from interviews 
I have had from time to time 


23814. Do you know any place where they have in* 
sisted on that course being followed.—(Mr. Fiaworth.) 
There are some works where weirs are fixed in order to 
prevent storm water passing to the storm filter before 
two dilutions have been obtained. (Mr. Wike.) The 
scheme which has been submitted does not show that. 
It shows that the storm water can be diverted either to 
the first contact beds or to the storm filter beds. (Mr. 
Eawcrth.) The question was raised at the inquiry. We 
have a penstock in our main channel, in the scheme, 
which could be lifted so as to allow us at any time to 
pass sewage to the storm filters, and the question was 
raised by one of the inspectors as to whether that 
should not be fixed. 


23815. Does that weir come in after the settlement 
tanks ?—Yes, it comes in between the ordinary contact 
beds and the storm beds. A sluice ig arranged. 


23816. Now would you perhaps let me put it in this 
way—how far were you proposing to deal with the in- 
creased flow upon your contact beds ?—To three 
times the dry weather flow. 


23817. Yes, but I gather that you do not think it 
desirable ?—No. 


23818. How far do you think it is desirable for you 
to treat an increased flow upon your contact beds ?— 
Beyond the dry weather flow ? 


vy 
23819. Beyond the dry weather flow ?—My point 
was this: I think it would be better to increase the 
load over the whole area. 


23820. Over the whole area? Yes, I know, but quite 
apart from that how far do you think it is desirable that 
you should increase. the flow over your contact beds ? 
—Our scheme provides sufficient contact beds to give 
three fillings a day with two dilutions. 


23821. So that under normal conditions you would 
only get one filling a day ?—That is so. 


23822. And one filling a day would no doubt give 
you very fair result ?—A very good result indeed. 


23823. Is there any reason why you should not in- 
crease it to three fillings a day ?—None whatever, but 
the point is this: we might give one filling a day for our 
ordinary plant but at the same time we should have the 
area of the storm beds receiving nothing and I think it 
would be better to give even less than one filling a day over 
the whole area and so keep all the beds in active con- 
dition. 3) -4 

23824. Do you think that objection would be made 
to your using the whole area and therefore obtaining 
better results for the dry weather flow ?—Well, we under. 
stood that that was the Local Government Board’s 
attitude. 

23825. It is a point upon which you will probably 
have further information later on ?—(Mr. Wike.) The 
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scheme shows that we intended to avail ourselves of the 
whole area. 


23826. At what rate per cubic yard are you proposing 
to deal with the effluent ?—(Mr. Haworth.) We have 
assumed the capacity of the filter is one-third the actual 
tank eapacity ; that is the basis upon which the Loc] 
Government Board insist. 


23827. That is what you have calculated upon ?—Yes, 
our experience shows that that is too much for first 
ontact beds and perhaps a little low for second contact 


eds. 


23828. Now what does that give you per cubic yard ? 
—One hundred and sixty-eight gallons per cubic yard fcr 
three fillings. 


23829. For three fillings ?—Yes, per day. 


23830. ‘I’bat is as a storm bed ?—That is the ordinary 
bel. 


23831. In dry weather times you do not propose to 
use at anything like such a rate ?—No, one-third cf 
them. 


23833. And is it proposed to have double or only 
single contact ?—Only single contact. (Mr. Wike.) 
Provision is made for double contact if afterwards found 
necessary. 


23834. Do you find from your experience that the 
analytical results you obtain from single contact with 
settled effluent of 8 to 10 parts per 100,000 are good enough? 
—(Mr. Haworth.) Well, we ti1d that it approximates 
very closely to the standards r.quired by the Rivers Board, 
but we cannot guarantee always to be below that stan- 
dard. But the effluents are more generally non- 
putrescible than putrescible, and we think that to begin 
with, it is a reasonable standard to attain. If afterwards 
we found, as we think we may, that only a very modified 
form of second contact may be sufficient: to bring the 
effluents that are not quite satisfactory up to a proper 
standard, such modified arrangements could then be 
made. 


23835. Then I will ask Mr. Wike, who has to do with. 
the engineering features of the scheme, does your scheme 
permit of second contact beds if, as is not unlikely, they 
are found to be necessary ?—(Mr. Wike.) Yes, they are 
So arranged that second contact beds could be provided 


—there is a sufficient area of land available for the. 


purpose. 


23836. The levels permit of it and the area of land 
permits it ?—That has been one of the difficulties. 


The area of land is suffic’ent, but on account of the beds: 


it would be necessary to pump the efiluent from the first 
contact beds on to the second, 


23837. And in the scheme that you have laid before 
the Board you have shown that the Corporation is willing, 


if necessary, to do this?—We have shown there is. 


sufficient land. 


23838. Well, but you have put before the Local Gov- 
ernment Board a scheme for approval, have you not? 
—Yes. 


23839. The scheme that you have put before them is 
simply one of single contact 7?—A single contact. 


23840. That is all you propose ?—Yes, at present. 


23841. But Mr. Haworth tells us that it only ap~ 
proximates to what is considered by your supervising | 
authority to be sufficient,.and that the results are only 
occasionally non-prutrescible ?—Yes. (Mr. 
They are more generally non-putrescible than putres- 
cible. 


23842. May I put it that they 
cible ?—Frequently, yes; but only very slightly. 

23843.’ On the question of road water, Mr. Wike, does 
road water to a considerable volume come into your 


sewers ?—(Mr. Wike.) A great deal of it does. Some 
goes direct into the river and streams. 


23844. Have you got Mr. Haworth to make any 
analyses of these road waters ?—Yes, thera is an 
analysis and a curve. 


23845. Tell us without going into the details of the 
analysis, which no doubt will be put in, is it not very 
polluting ?—(Mr. Haworth.) The samples were sam ples 
of the first flush of the road water taken from the gulleys, 
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23846. What is the result in albuminoid ammonia ?— 
Albuminoid nitrogen (this is a sample from the granite 
paving), *469 pts. per 100,000. 

23847. That is not very much better than your dry 
weather flow of sewage ?—No; and the oxygen absorbed 
in four hours 11-9 pts. per 100,00. 


23848. That is quite as bad as your ordinary sewage ? 
Is it proposed that those road waters should pass per- 
manently direct to the river ?—(Mr. Wike.) No, sir, 
those in the neighbourhood of the shambles or from 
st eets where there is a great deal of traffic near the 
markets are already connected to the sewers; it would 
not be right to let those go into the river. 


23849. I think it leads one to think that possibly, as 
regards volume at Sheffield, it would be considerably 
increased when that is done ?—I beg pardon; the liquid 
represented by the analysis Mr. Haworth has been 
showing just now does not go into the river. (Mr. 
Haworth.) These waters are all going into the sewers. 


23850. Are all going into the sewer ?—Yes. 


23851. But does not your answer to Question 23513 
suggest that all this water passes direct into the river, 
that gulleys are connected direct torivers and streams ?— 
(Mr. Wike.) That is only in certain parts of the town. 


23852. It does not apply to any great extent ?—Oh, 
no, sir; only toa very small quanwity. Ai the foot of 
some of the steep gradients that I have mentioned, 
where we have streets one in five to one in ten we, take 
the water straight into the river, but the bulk of the 
gulleys in the town are connected direct to the sewers. 

23853. Now in regard to the production of sludge, what 
do you anticipate when your new scheme is in full oper- 
ation will be the volume of sludge to be produced at the 
Sheffield works daily ?—We make now from 800 to 1,000 
tons a week. 

23854. That would be considerably increased, would it 
not, when you get these more efficient works in operation ? 
—I think it would be reduced. 


23855. You are not now treating your storm waters ?— 
No, but a great quantity of lime is now used which will 
be unnecessary when the new scheme is in operation. 


23856. At present you have lime settlement ?—Yes. 


23857. That no doubt would produce a larger quantity 
of sludge; on the other hand, when you have dispensed 
with the lime and treat the storm waters the amount may 
be larger than you are treating now ?—We anticipate 
a smaller quantity. 

23858. Well, the farmers will not take it; what do you 
propose to do with it?—We propose to continue our 
present method of disposal. 

23359. You are doing with it now—what ?—We have 
purchased land some distance from Sheffield ; after being 
partially dried the sludge is taken in special wagons over 
the railway to this land and tipped upcn it. Before 
tipping is commenced the top soil is taken off, the sludge 
is then tipped 7 or 8 feet deep ; eventually the land is 
returfed and made into arable land. 


23360. How long does it take to dry the sludge under 
those conditions ?—Some years. 

23861. Some years ?—Yes. 

23862. Is the area which you have available a large one ? 
—It is about 20 acres, 

23863. Will it last you indefinitely for this disposal of 
the sludge ?—We shall have to take more. 


23864. Buy more land ?—Yes. 


23865. Does that method of drying the sludge not give 
rise to considerable nuisance ?-—We have had certain 
complaints, but the complaints I think are really due to 
enother cause. We are on one side of the railway and 
there is a local sewage farm on the other the effluent from 
which passes the boundary of our land, and we think 
this is what gives occasion for complaint. 

23866. You think they are the sinners rather than 
Sheffield ?—Yes. There is a certain amount of smell 
but nothing objectionable I think ; the sludge is heavily 
limed. ; 

23867. Where you do in fact have these lagoons is a 
long way from Sheffield ?—No, the lagoons themselves 
where the sludge is dried are at the sewage works about 
three miles trom the centre of the city. 


MINUTES OF EVIDENCE : 


23868. You take it half dried from there ?—Yes, 
with 80 to 85 per cent. moisture. 

23869. You take it in that state to some further place; 
1 ow far is that place away ?—Seven or eight miles away. 


23870. The observations you made about certain 
nuisances being complained of, are at that place ?—Yes. » 


23871. You are under the impression that is not town 
sludge but their effluent that smells 7—At certain times 
of the year there is some smell from the sludge. 


23872. There is an important question upon which I 
should like very much to have your view as an engineer. 
It occurs to one that what you are proposing to do is a 
thing that cannot be done for ever more; it is a pro- 
visional arrangement pending something else; has it 
ever occurred to you to burn the sludge; do you think 
that is a practicable thing ?—Frcm my inquiries ard 
experience I am rather afraid it is not 

23873. It would require, would it not, in the first 
instance pressing out the bulk of the water ?—Yes, I 
have seen many works where sludge is pressed, I may 
be mistaken, but I do not think any of them are satis- 
factory. 

23874. Do you mean that the pressing is not satis- 
factory ?—There is the cost, the difficulty of manipu- 
lation, and after going to the expense of pressing the 
pressed sludge has still to be disposed of. 


23875. That was the point I rather wanted your opinion 
upon, have you any experience to enable you to answer 
the question ; is it practicable to burn sludge cake ?--I 
should not think it.could be satisfactorily and economi- 
cally done. 


23876. What leads you to think not ?—The informa- 
tion I have been able to obtain from time to time. 


23877. You do not express a strong opinion anyway, 
not having personal experience ?—No, it is simply in my 
mind from having visited from time to time other works 
in England. 


23878. (Sir William Ramsay.) May I ask, Mr. Wike, 
before you pass away from the subject, how much sludge 
have you to dispose of ?—From 800 to 1,000 tons a week. 


23879. Then is it not a very expensive matter indeed to 
partially dry that and take it away to this other place ?-— 
No; the result of my calculations was to show that we - 
could take it away cheaper than we could press it. Our 
railway rate is only 6d. per ton. 


23880. And will there be no difficulty ultimately in 
getting land to put it on to because, at the rate of 1,000 
tons a week, you fill up a very large space in a very short 
time ?—No; this sludge keeps consolidating; I think 
we have been tipping twelve years. 


23881. (Colonel Harding.) Then just a word about 
these contact beds, Mr. Wike. You foresee, sooner or 
later, that the capacity of the contact beds will be reduced 
so as to compel you to do something; either to Fepince 
the material or to wash it ?—Yes. 


23882. You propose to put on the contact beds an 
effluent containing eight to ten parts per 100,000 
suspended matter ?—Yes. 


23883. What length of experience have you had in 
the treatment upon the contact beds of such an effluent ? 
—About four or five years, but our oldest contact beds 
kaye been in use seven years. 

23884. What point have you reached with the beds 
which have been working five years in regard to the 
reduction of capacity ?—I have diagrams and tables 
which I will put in showing this. 

23885. Can you tell me the point to which the peoity 
has been reduced at the end of five years ?—In the first 
contact beds to about 21°3 per cent. 

23886. Of the empty tank capacity ?—Yes. 

23887. What was the original water capacity ?—The 
original water capacity was 56°7 per cent. That was 
on July 23rd, 1900. At the end of September, it was 
41 per cent. 

23888. What is it now ?—It is about 21°3 per cent. 

23889. There has been a fall of considerably more 
than half ?—Yes. 


28890. How far do you consider, looking upon this 
matter as an engineer, that it is practicable to reduce 
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the capacity ? What is the economical point when it 
is cheaper to stop and wash the material than to go on 
putting a constantly reduced volume upon the bed ?—I 
shoull think at about the point we have reached. 


23831. Then may I take it from your experience that 
you do under the conditions proposed, at the end of 
five years reach the point when it is necessary to wash 
the material or to renew ?—Tnat depends a great deal 
on the sewage. 


23892. I mean under the conditions that you are propos:ng 
to carry out and upon which you have carried out serious 
experiments ?—I think the conditions will improve. 
We have at the present time 285 miles of macadamised 
roads, from which we get a good dea! of grit. This grit 
washes down to the works and some deposits in the 
contact beds. We are gradually converting these roads 
into paved roads. 


23893. May I take it that your view 1s, that the 
point when washing becomes necessary has, in fact, 
been reached in five years, but you hope by diverting 
certain matters which are now washed off the roads to 
increase the period ?—Yes. 


23894. Do you expect to increase it much ?—Pos- 
sibly by 30 or 40 per cent. 


23894*. As amatter of fact you reach that position in five 
years now ?—No; I should not like to fix that point 
(Mr. Haworth.) The capacity of that particular bed 1s 
the same now as it was two years ago. (Mr. Wike.) I 
was going to explain that it has been at that capaavy 
for about three years. 


23895. Then would your answer to my question be 
that you have, at the end of five years, reached what you 
consider to be the economical limit, but that you do not 
anticipate any further reduction and you anticipate that 
you would be able to continue at that limit for some 
time ?—If the bed is turned over, we may be able to go 
on for a year or two. 


23896. If the bed is turned over ?—Yes. 
23897. Would you prefer that to washing ?—No. 


23897*. It is rather expensive also to turn it over ?— 
Probably it would be more expensive than washing. 


23898. More expensive ?—Well, I think it would be to 
turn the whole of the bed over. 


23899. Then why do you not prefer washing ?—I do 
prefer washing. 


23900. Let us make sure that we quite understand 
what we mean by washing. You do not suggest that it 
is possible to wash out a contact bed by streaming at a 
high rate through it ?—That is what I thought might be 
possible. 


23901. I only thought that might be in your mind 
because in answer to Sir William Ramsay you spoke 
about putting a passing flow under pressure ?—Yes. 


23902. Well, we should be interested in knowing how 
far your experiments have led you to think that it is 
practicable to force a flow through a contact bed so as 
to wash it ?—I have not yet tried washing on a large 
scale. 

23903. It is merely an impression that it may be possible 
but experience may show that it is not possible 7—I 
think in time satisfactory means may be devised. 

23904. As to the alternative of washing, taking it out 
and eliminating the dirty matter and putting the clean 
material back again, is that practicable from the point of 
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view of expense ?—I am afraid not. We get our best 
results from graded tanks, and to take out, wash, and 
re-grade the old material would probably be more 
expensive than to buy new. 


23905. Do you think that after washing it would not 
be possible to eliminate the degraded material, the broken 
down material ?—Yes. 


23906. You do not think it would be possible ?—I 
do not think it would be practicable to take it out of 
the whole tank and wash it in that way. 


23907. Just explain to us what kind of washing you 
propose. Here is a bed, which after a certain length 
of time has reached a condition when it is no longer 
profitable to go on passing the effluent over it ?—Yes. 


23908. What is to be done? Is the bed to be emptied 
and new material put in ; is the material to be washed or 
what is to be done and how do you propose to do it ?— 
At the present time we should do as we have done, take 
the whole of the material out. In one of the large beds, 
which I described to you, at first the material was coke ; 
it became clogged, the whole of it was taken out but 
could not be washed as it was disintegrated. The clinker 
we can take out, and asit keeps strong and does not 
crumble we can wash it. My idea was that some method 
might be devised of forcing water under pressure to the 
beds and so wash the material as it lay in position in 
the bed. 


23909. If that should prove not to be possible—I am 
afraid very likely it will be found to be impossible—. what 
other method do you propose to follow ?—The only other 
thing would be to take the material out of the beds. 


23910. And wash it, or screen it, and put it back again ? 
—Yes. 


23911. Is that practicable from the point of view of 
cost ?—At present with the primitive arrangements we 
have it would be a very costly thing, but I think ona 
large scale (and one would get thirty or forty acres of this 
stuft to wash in time) a process might be arranged that 
would not be so costly. 


23912. The problem is obviously one which is present 
to your mind, is it not ?—It is and it has been for some 
time. 


23913. And you evidently consider it would be 
ptacticable from the point of view of cost or you would not 
propose to put contact beds 7—No. We are proposing 
to provide contact beds. 


23914. You think it is practicable ?—I think it is 
oracticable, and in time, when more experience has been 
gained, the cost may be reduced. One thing I would like 
to make clear, and that is with respect to the time of 
settlement in the quiescent tanks. I was alluding to those 
in use at the present time, the lime precipitation tanks, 
which were constructed eighteen years ago. These are 
now supposed not to give efficient treatment to the 
sewaze and for that reason we are asked by the Lrcal 
Government Board and the West Riding Rivers Board 
to remodel our works. Tne Corporation have submitted. 
to the Local Government Board a scheme including 
settlement tanks to hold 15,000,900 gallons, sixty first 
contact beds, with an area of thirty acres, and sixteen 
acres of storm filters, the estimate being £270,000. The 
Board now have this under consideration, and should 
they require second contact beds as well, pumping 
will be necessary and the cost will be increased to about 
£400,000. The land acquired is sufficient for the second 
contact beds should they have to be constructed. 
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Royal Gommission on Sewage Disposal. 
SUSPENDED SOLIDS DURING STORM AT SHEFFIELD. 
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bertical figures represent parts 100, 000. 
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SHEFFIELD. 


Appendix to Evidence of Mr. C. F. Wixe anp Mr. Joun Haworra. 


Tables showing average analyses of sewage, tank liquor, and filter effluents at 


Sheffield. 





PROCESSES OF TREATMENT: 
(2) Double Contact Beds treating Crude Sewage. 
(6) Septic Tanks and Double Contact Beds. 


(c) Sedimentation Tanks and Double Contact Beds, 


————_ 
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SHEFFIELD: 
May, 1903. 
SEWAGE.-- 
Average daily flow - - 18,870,000 gallons - Total rainfall - - - - 3-90 inches. 
Maximum daily flow - - 22,690,000 ,, - Rainfall - - - - a tl, eee 
Minimum daily flow - - 12,130,000 - Rainfall - - * e. a 


Average Analysis of Sewage. 
minnie ee ee eee 





a Best, | Worst; | Average. 
| 
Ammoniacal nitrogen” - - - - : nT Ste ‘47 3°78 1:92 
Albuminoid nitogen eee a :28 1-01 60 
Oxygen absorbed from KMnO, in 4 hours” - - - 2:61 10°43 5°80 
Suspended solids - - - - - - - : wee = = 
Soluble solids . - : - - - - : ea att ae 











Number of samples analysed for the average = 12; 


SEpTic TaNnK.— 
Average flow through the tank - - - - 57,000 gallonr- 
Amount of sludge dealt with during month - - nil 
N.B.—Tank was cleaned on April 3rd, 190% 


Average Analysis of Septic Liquor: 




















—— Best. | Worst: | Average. 
Ammoniacal nitrogen - - : - : - - “58 3°76 2-1 
Albuminoid nitrogen - - - - - - - “14 43 31 
Oxygen absorbed from KMnO, in 4 hours” - - - 1-88 4:31 2:87 
Suspended solids” - - - : - - - : = a sea 
Soluble solids - - - < - : s . = ssass “ake 
Number of samples analysed for the average = 7; 
SETTLED SEWAGE; 
Average settlement given - - - - - 2 to 3 hours. 
Amount of sludge dealt with during month - - 61 tons (95% water). 
Average Analysis of Settled Sewage. 
-—— Best. | Worst: | Average: 
Ammoniacal nitrogen” - - - - - - - ‘70 2°58 1-60 
Albuminoid nitrogen - : - - - - - 10 "32 "22 
Oxygen absorbed from KMnO, in 4 hours” - - . 2:03 4:90 3°26 
Suspended solids’ - - : E A “ é « i“ 2a wats 
Soluble solids - - - - - - : - sae aoe 








Number of samples analysed for the average = 5. 


APPENDIX 4 


Details of working of a newly-made contact bed are 


The old beds, owing to filling 








Average. 


488 
FILTERS,— 
Contact Beds Treating Crude Sewage.— 
Number of times primary beds were filled during) <1 
month - - - - - - - | 
Number of times secondary beds were filled during | civeh imlatee onthe: 
MHODME Shi 0 5 ee up with detritus, could not be accurately gauged 
Amount of sewage treated per cube yard per 24 P , 7 eee 
hours - - - - - : ‘ ‘ 
Average Analysis of Effluent. 
Bente Best. Worst. 
Ammoniacal nitrogen - - . - “ 5 sak ae 
Albuminoid nitrogen : : - - - : 2 Abs Be, 
Nitric nitrogen = : : = 2 = : ins | a, 


Oxygen absorbed from KMn0O, in 4 hours - - z = 
Dissolved oxygen taken upin 24 hours” - - - . = 


Suspended solids” - - - - : : x 4 














Number of samples analysed for the average = 


Contact Beds Treating Septic Liquor.— 
Number of times beds were filled during month - 81. 
Amount of liquid treated per cube yard per 24 

hours - - - - - - - : 


} 


Average Analysis of Effluent. 


Ist contact, 108 gallons ; 2nd contact, 183 gallons. 








a Best. 
Ammoniacal nitrogen - - - - - - - 06 
Albuminoid nitrogen saltpagtotidibseds hoitsases-Soluaiin.tehed bite 03 
Nitric nitrogen - - - - - - - - 2°43 
Oxygen absorbed from KMnO, in 4 hours” - - - “34 
Dissolved oxygen takenupin24hours~— - - - - a 
Suspended solids - . . - - - - - -- 














Number of samples analysed for the average = 7. 


Contact Beds Treating Settled Sewage.— 
Number of times beds were filled during month  - - - - - 
Amount of liquid treated per cube yard per 24 hours - - - 


Average Analysis of Effiwent. 

















pat sale | Best. | 
Ammoniacal nitrogen - - - - - - - 7058 
Albuminoid nitrogen - - - . - - - ‘017 , 
Nitric nitrogen - : - - - - - - 1:99 
Oxygen absorbed from KMnO, in 4 hours” - - - “41 
Dissolved oxygen taken up in 24 hours - — - - - -- 


Suspended solids - - - : ‘ 5 “ z 








Number of samples analysed for the average = 5. 


f 











Worst. Average. 
54 "25 
10 06 
28] 1-50 

1-10 65 
- - 78: 
- - 123 gallons. 
Worst. | Average. 
£35 “15 
‘11 05 
1:01 1:55 
1:24 264 


Remsrxks.-—The beds treating crude sewage are contained in earth walls; the gaugings are therefore approximate 


only, 
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SHEFFIELD—continued. 
June, 1903: 
SEWAGE:— ; 
Average daily flow - - 16,195,000 gallons - Total rainfall - - - - 1:42 inches 
Maximum daily flow - - 19,070,000 _,, - Rainfall - - - -- ee OE” ys 


Minimum daily flow - - 12,020,000 ., : Rainfall - : - - -_ oo 


Average Analysis of Sewage. 





| - 
| { 





ee sb | Best. | Worst. Average. 
a Recess ee ee ae ae ee et eee 
Ammoniacal nitrogen - - - a - - = | 2°82 | 5°29 3°58 
Miemmmod miirogen - .- - + -«-—- - | +56 1-13 83 
Oxygen absorbed from KMn0O, in 4 hours - - - | 4°30 10-07 , 6°88 


Suspended solids - - - - - - - He | Be — ES 


Soluble solids = - : 2 = = = : a == nee. 





Number of samples analysed for the average = 8. 


Septic TanxK.— 
Average flow through the tank - - =i ° ier * - 57,000 gallons. 


Amount of sludge dealt with during month -  - - - - - - - nil 


Average Analysis of Septic Liquor. 


a | Best. | Worst. | Average; 
ee a ia <i og 0 tl te Ee 
Ammoniacal nitrogen - - - - - » - 2°60 | 4°70 | 3°82 
Albuminoid nitrogen - - - 2 : - > “40 | 43 | “42 
Oxygen absorbed from KMnO, in 4 hours” - - : 4°95 | 525 | 514 
Suspended solids’ - - - : “ 2 y m a | lM : hs 

| 
| 


Soluble solids - - = - = : “ P Z a aes 





Number of samples analysed for the average = 4. 


SETTLED SEWAGE.— 
Average settlement given - - - - - 2 to 3 hours, 
Amount of sludge dealt with during month - - 52% tons (97% water) (exclusive of detritus removed in 


catch pits). 


Average Analysis of Settled Sewage. 


pdteead Best. Worst. | Average. 
$a 
Ammoniacal nitrogen - - . - - - - 2°94 Soe 3-34 
Albuminoid nitrogen - - - - : A : 730 “84 “47 
Oxygen ‘absorbed from KMnO, in 4 hours” - 4 2 3-24 5:25 4-61 
Suspended solids’ - et is - - - - : = wy adit 
Soluble solids - - : - - > - : | a 2s ~ 














Number of samples analysed for the average = 4. 


6225—Ap. I. 3 Q) 
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FILTers.— 


APPENDIX ° 


Contact Beds Treating Crude Sewage.— 


Number of times primary beds were filled during month - 
Number of times secondary beds were filled during month - 
Amount of sewage treated per cube yard per 24 hours” - 


Average Analysis of Effluent. 








Ammoniacal nitrogen 


Albuminoid nitrogen 


Nitric nitrogen 


Best. 





Oxygen absorbed from KMnO, in 4 hours 


Dissolved oxygen taken up in 24 hours 


Suspended solids 








Worst: 


Average. 











Contact Beds Treating Septic Liquor.— 


Number of samples analysed for the average = 


Number of times beds were filled during month - 75; 
Amount of liquid treated per cube yard per 24 


hours 


Average 


1st contact, 107 gallons ; 2nd contact, 186 gallons. 


Analysis of Effluent. 








Ammoniacal nitrogen 


Albuminoid nitrogen 


Nitric nitrogen 


Oxygen absorbed from KMnO, in 4 hours 


Dissolved oxygen taken up in 24 hours 


Suspended solids 


Best. 


“41 
‘07 
1-53 


| bd 














Contact Beds Treating Settled Sewage.— 


Number of times beds were filled during month - 


Number of samples analysed for the average = 4. 


Amount of liquid treated per cube yard per 24 hours - 


Average Analysis of Effluent: 








Ammoniacal nitrogen 
Albuminoid nitrogen 
‘Nitric nitrogen 


‘Oxygen absorbed from KMnO, in 4 hours 


Dissolved oxygen taken up in 24 hours 


‘Suspended solids 


f 





- 126 gallons; 


| Worst. | Average. 
i47 “70 
17 12 
:87 1-24 
1-17 “88 
bed 15. 








-—— 














Number of samples analysed for the average = 4; 


| Best. Worst. 
23 “76 
7035 “15 
1-01 62 
235 1:05 


| Average. 


“55 
082 
92 
64 


iit 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 49T 


SHEFFIELD—-continued. 
July, 1903. 
SEwaqGE:— i 
Total rainfal]] - - - - 1°75 inches. 


Average daily flow” - - 16,630,000 gallons - 


Maximum daily flow - - 20,720,000  ,, - Rainfall - - - - oy 05 


Minimum daily flow - - 12,480,000 ,, - Rainfall - - : - - -- 


Average Analysis of Sewage. 








——— Best. Worst. Average. 
Ammoniacal nitrogen - - Ae - . - “D4 | 4°94 | 3°27 
| 
Albuminoid nitrogen - - - - - - - °28 | 1°36 8} 
Oxygen absorbed from KMnO, in 4 hours” - - - 5°95 | 11°31 774 
Suspended solids” - - - - - - - - —- | — —_— 





Soluble solids E : : Fs © Z Ah rt ; 





Number of samples analysed for the average = 16. 


Sepric Tank.— 
Average flow through the tank ~~ -- - - - - - + 57,000 gallons per day. 


Amount of sludge dealt with during month - - - eM ee nil; 


Average Analysis of Septic Liquor. 



































a Best. Worst Average. 
Ammoniacal nitrogen - - - - 2°47 6°23 3°97 
Albuminoid nitrogen - - - - *21 | 58 “40 
Oxygen absorbed from KMnO, in 4 hours — - - - 5:27 6:29 5°78 
Suspended solids’ - a - 2 . . : ae] ee . a phe 
Soluble solids - - - - - - - : = | a ae 
Number of samples analysed for the average = 8. 
SETTLED SEWAGE.— 
Average settlement given - .- - - - - - - - 2 to 3 hours. 
Amount of sludge dealt with during month - - - - - - 55 tons (95% water), 
Average Analysis of Settled Sewage. 
. | 
es ae . Best. | Worst. Average. 
Ammoniacal nitrogen : é = » . s 1°76 4°94 3°06 
Albuminoid nitrogen - - - - Sea ee - 28 58 *38 
Oxygen absorbed from KMnO, in 4 hours” - = - 4°53 5°45 5°03 
Suspended solids” - : - - - = . > se Lt $e 
UC es aS a o~ Bi oi 








Number of samples analysed for the average = 8. 
6225—Ap. I. - BA ene 


492 . APPENDIX : 
FILTERS.— 
-Contact Beds Treating Crude Sewage.— 
Number of times primary beds were filled during month - - - - 50 (1st contact), 


Number of times secondary beds were filled during month - - 2 - 69. 
Amount of sewage treated per cube yard per 24hours - a a - 115 gallons: 


Average Analysis of Effluent. 








eee | Best. | Worst. Average: 
Ammoniacal nitrogen - . - - - - - 057 | 58 34 
Albuminoid snitrosen © % cutlass ‘O17 | 06 :027 
Nitric nitrogen - - - - - - - - 1°46 | ‘77 “96 
Oxygen absorbed from KMnOy in 4 hours” - - - 27 70 °49 


Dissolved oxygen taken up in 24 hours” - = eee . -- = -—~ 





Suspended solids’ - - - - - - - : ae | meee 2 





Number of samples analysed for the average = 5. 


Contact Beds Treating Septic Liquor.— 
Number of times beds were filled during month - Ist contact, 84; 2nd contact, 84. 


Amount of liquid treated per cube yard per 24 
hours - - = 3 - - : - Ist contact, 105 gallons; 2nd contact, 185 gallons. 


Average Analysis of Effluent. 

















——— Best. | Worst. Average. 
Ammoniacal nitrogen - - = - - : | £35 “70 mays 
Albuminoid nitrogen - - - - - - oH 01 15 7 
Nitric nitrogen Oe es eh) ee) oS Lae 68 1-04 
Oxygen absorbed from KMnQ, in four hours - : | 55 1°38 ao7 
Dissolved oxygen taken up in 24 hours - - oe — ~~ - 
Suspended.solids .G - 2 - gk ee) el eee eee i any . ee 





Number of samples analysed for the average = 8. 
Contact Beds Treating Setiled Sewage.— 
Number of times beds were filled during month  - - - - - - - 84, 


Amount of liquid treated per cube yard per 24 hours - - . _ - 120-9 gallons. 


Average Analysis of Effluent. 








—_—— | Best. | Worst. Average: 
Ammoniacal nitrogen - : ‘ . . . 12 64 37 
Albuminoid nitrogen - - = 5 . = 3 017 £12 047 
Nitric nitrogen — = : : - a 1:21 248 294 
Oxygen absorbed from KMnO, in 4 hours” - a . 57 1-13 7G 


Dissolved oxygen taken up in 24 hours” - . 3 ‘ ~— -- -- 


Suspended solids - - - 4 . e fst 2 pe 


Number of samples analysed for the average = 8. 
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SHEFFIELD. 


tesults expressed in parts per 100,000 
a i 






































Dissolved oxygen determinations. | 
2 x | 
| 2 Volumes 2 Volumes Joh iee: Dyer toad bein Albu- | Nitric 
Dat ‘ ft | oft orbed |: | os tall ; 
1903. | Nature of Sample. | atic 1 pi tegek 1 c in 3 Be bee iter ‘nitrogen.|Chiorine. 
| Lis 'Effluent.| vol. of vol. of | minutes. at 30° F ieee fe 
ae, effluent at efiluent at a ie 
| 80° F. for 60° F. for 
6 hours. 24 hours. | | ; 
Te es sn eo yee ee a oe ee 
\ 
July 16th - | Effluent from coke eae |. .130 "400 "360 ais BY "30 ‘O71 1°47 111 
beds treating raw 
sewage 
» 21st - » ae os 736 “413 436 a Ws ‘30 v9 oom eas OTL» hahy'95 10°4 
| 
5. Stee . 2 =} +880 ‘415 362 476 21 58 | 59 023 | 1°06 12°7 
a) Bie q - =) 885 ‘211 306 463 27 43 | 39 O11 | 1°06 12°1 
Aug. 4th - Peeicc hap “894 ‘279 ‘341 327 13 ‘34 | “12 058 1°40 115 
11th - . ee ae 252 442 “362 13 ‘40 | ‘87 058 1:29 12°0 
Be 20th - i; ee 9s | S61 443 ‘719 ‘719 10 38 | °35 ‘O17 1°44 91 
» 24th - * Pes.) “893 399 683 626 VG Oct 1S 035 1°88 10°0 
Sept. 15th - ~ i ee WY “991 ‘874 753; | 578 06 20 | 12 035 2°34 10°8 
Oct. 5th - Bs Pe ben 80l 345 507 ‘494 23 ‘51 | 29 ‘036 1°81 it 
i ee eee) | 968") |. 398 508 ‘551 14 ‘ely | OTE bie, 185 96 
i 
July 27th - | Effluent from clinker “880 "219 “B51 620 ‘3k 94 64 035 "95 12°5 
beds treating settled 
sewage 
Aaig, 4th -" G ’ - - "824 157 ‘279 ote ei, "87 ‘29 20 St 115 
Meibe<| ,, es =| 878 273 ‘511 ‘381 34 ‘57 | 29 123 1°34 91 
h) 24th - - Pe - |. 625 “459 "646 Ce es yi "44 | ‘32 “Oda L144 10°0 
Oct. 6th - % fe 2 : “968 336 "432 “402 "39 ‘63 PLS URL Ae TG, 7, 
July 28th - | Effluent from clinker "885 "164 "361 "429 67 Pei ‘70 hate ee 70) 12°0 
beds treating septic 
tank effluent | 
\ - } : 
| 
Aug. llth - 4 eS) eer 143 ‘389 B54 18 ‘98 | “64 117 70 | 19° 
: i 
» 8th - is 5 = : “892 232 “470 279 30 68 "12 “105 64 | 83 
=, 20th - ~ RT igs teres "457 691 “D24 "24 SLE 105 sett Od 
| 
sept. 15th - = * = - 921 ovis 349 “464 “48 ‘70 “AT 082 od Ut oa whee 
ct. Sth -: 9 ry) - = “801 “208 533 DAD B5 1°20 53 LOR") PO2 11°6 








494, APPENDIX : 


SHEFFIELD—continued, 
August, 1903, 











SEWAGE. — 

Average daily flow : - 17,040,000 gallons - Total rainfall - ; : - 3:27 inches: . 

Maximum daily flow - - 22,370,000 _—,, : Rainfall - < 2 < oe SO ee 

Minimum daily flow - ~11-940:0007 = Rainfall = : : = anid 

Average Analysis of Sewage. 
ee FTE Best. | Worst. Average. 

Ammoniacal nitrogen - - - - Foi, oh - 1-18 3°17 2°28 
Albuminoid nitrogen - - 5 : - : +39 “94. 65 
Oxygen absorbed from KMnQO, in 4 hours” - - - 3°80 6°38 5°40 
Suspended solids «)='*4)-)): Bite gi. See 2 ee ee Se = one 
Soluble solids - - : E 2 : : = = Le 








Number of samples analysed for the average=8. 


Septic 'TaNxK.— 
Average flow through the tank - - - 57,000 gallons per day. 


Amount of sludge dealt with during month ~- nil; 


Average Analysis of Septic Liquor. 











Borer = | Best. | Worst. | Average. 
| 
Ammoniacal nitrogen” - - - age fe - - 1:53 3°88 2°47 
Albuminoid nitrogen - - - - - - - 28 1-09 | “46 
Oxygen absorbed from KMnO, in 4 hours” - : - 3°98 5°30 4-65 
Suspended solids’ - - - - - - : - — = are 


Soluble solids a : 3 2 : E : : = 











Number of samples analysed for the average=4. 


SETTLED SEWAGE,— 
Average settlement given - . ° - 2 to 3 hours. 


Amount of sludge dealt with during month - 60 tons (94% water). 


Average Analysis of Settled Sewage. 




















——— | Best. | Worst. | Average. 
Ammoniacal nitrogen - - - - - - o) 4 153 2:24 1:96 
Albuminoid nitrogen - - - - - - - °35 "82 55 
Oxygen absorbed from KMnO, in 4 hours - = - - 2-84 3:31 3-13 
Suspended solids’ - = e 2% = 5 - 22 = eS t=, 
Soluble holite - . - owe < . ae = as “ 








Number of samples analysed for the average=4. 
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FILTERS, — 


pees oe 


Contact Beds Treating Crude Sewage.— 


Number of times primary beds were filled during month -— - - - 44 
Number of times secondary beds were filled during month = - - - - 73 
Amount of sewage treated per cube yard per 24 hours - - - - - 112 


Average Analysis of Effluent. 
eg ae oe 

















——— Best. Worst. Average. 
cobs 

Ammoniacal nitrogen - - - - - - aA 12 “82 “41 
Albuminoid nitrogen - - - ay hee - - | 017 12 067 
Nitric nitrogen - - - - - - - . 1°15 7% “96 
‘Oxygen absorbed from KMnO,in4hours - - - - oi! 90 "39 
Dissolved oxygen taken up in 24 hours. - - Co ae — — — 
Suspended solids — - - - - - - - : — —_— — 








Number of samples analysed for the average=8. 


Contact Beds Treating Septic Liquer.— 


Number of times beds were filled during month - 78 
Amount of liquid treated per cube yard per 24 . 
hours - - - - - - - - Ist contact, 97 gallons ; 2nd contact, 191 gallons; 


\ 
2 


Average Analysis of Effluent. 








Haut ee ve ’ le | 



































——— Best. Worst. Average. 
Ammoniacal nitrogen - - - - - - - “Ti "64. “32 
Albuminoid nitrogen - : - = - E : 06 12 09 
Nitric nitrogen - - - - - - - - 1-28 95 1:10 
Oxygen absorbed from KMnO, in 4 hours - - - “40 98 70 
Dissolved oxygen taken up in 24 hours - - - - — — — 
Suspended solids - - - - - - . - — — — 
' Number ofsamplesanalysedfortheaverage—4 
Contact Beds Treating Settled Sewage.— 
Number of times beds were filled during month —- - . - - - 78 
Amount of liquid treated per cube yard per 24 hours - - - 122-4 gallons. 
Average Analysis of Effluent. 
—-- Best. Worst Average. 
Ammoniacal nitrogen” - . - - - - : 12 37 "26 
Albuminoid nitrogen - - : - - - - 205 12 “081 
ce i 153 1-02 1:33 
Oxygen absorbed from KMnO, in 4 hours” - = ays 238. °87 “55 
Dissolved oxygen taken up in 24 hours. - - - - — pa — 
‘Suspended solids - stn - - - - . — — — 





Number of samples analysed for the average=4,; 
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APPENDIX : 


SHEFFIELD —continued. 


SEWAGE:— 


Average daily flow 





- 17,070,000 gallons 


September, 1903. 


Total vatitall 3°10 inches. 





















































Maximum daily flow -  - 22,290,000 ,, - Rainfall -isort sso aoe 16 FRU 
Minimum daily flow” - - 11,990,000 _,, - Rainfall - - - - - nil. 
Average Analysis of Sewage. 
. | Best. Worst. Average. 
Ammoniacal nitrogen - . . : - - - 1-68 2°94 2°61 
Albuminoid nitrogen : - - - - - - 7h | 1-09 287. 
Oxygen absorbed from KMnO, in 4 hours” - - - 6°43 11°44 9-58 
Suspended solids - - : : : c 5 3 a i ve 
Soluble solids - - - - . x - : a2 | ae | ma 
Number of samples analysed for the average = 6. 
SEPTIC TANK.— 
Average flow through the tank - - - - - - - 57,000 galions per day. 
Amount of sludge dealt with during month - - - - ll tons (78% water). 
Average Analysis of Septic Liquor: 
--— | Best. | Worst. | Average. 
— ory ‘ a 
Ammoniacal nitrogen - - - - - - - 2°35 2°94. 2.62 
Albuminoid nitrogen, - - on ee - - - 28 55 “45 
Oxygen absorbed from KMnO, in 4 hours - -~ - 5°83 : 6:25 ~ 6:04 
Suspended solids - - - - - . : : 3 — << 
Soluble solids - : - - - - Set == — -- 
| 
Number of samples analysed for the average = 3. 
SETTLED SEWAGE.— 
Average settlement given . : Q - 2 to 3 hours. ~ 
Amount of sludge dealt with during month - - 11,550 gallons (97% of water), 51 tons. 
~ \ 
Average Analysis of Settled Sewage. 
{ 
~——— Best. Worst. Average. 
Ammoniacal nitrogen” - - - - - - - 2°12 2°94 2°50 
Albuminoid nitrogen - - - - ~ - = 228 25) “41 
Oxygen absorbed from KMnO, in 4 hours” - = - 4-25 5°39 4-65 
Suspended solids - - - - - - - - oo -- -- 
Soluble solids ney le CR OE a ae ae — <- " -- 














7 


‘Number of sai ples 


analysed for the average = 3. 
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FILTERS.— 


Contact Beds Treating Crude Sewage.— 


Number of times primary beds were filled during month - - - . . : - 45 
Number of times secondary beds were filled during month -_ - - - - - - - i4 
Amount of sewage treated per cube yard per 24 hours” - - - . - - - 112 


Average Analysis of Effluent. 





—— . Best. Worst. Average. 





| 
Ammoniacal nitrogen — - . - - . - - op | “55 *28 
Albuminoid nitrogen - - - - . : . "03 “It 05 
Nitric nitrogen « é. - - * 2 - 2 2:17 “BT 1-28 
Oxygen absorbed from KMnO, in 4 hours - - - 20 “98 “41 
Dissolved oxygen taken up in 24 hours - - - . -- -- -- 
Suspended solids — - - - - - ; : : a5 i“ | as 














Number of samples analysed for the average = 6. 


Contact Beds Treating Septic Liquor.— 
Number of times beds were filled during month - 1st contact, 76 gallons ; 2nd contact, 76. 
Amount of liquid treated per cube yard per 24 
hours. - - - - : - - - Ist contact, 97 gallons ; 2nd contact, 189 gallons. 


Average Analysis of Effluent. 








——— | Best. Worst. | Average. 
Ammoniacal nitrogen = - - a A maf ae : 47 -7() -62 
Albuminoid nitrogen - - - - : - - “7 “10 08. 
Nitric nitrogen : - - . - - - - 2°34 1-10 1-64 
Oxygen absorbed from KMnO, in 4 hours - - / - 54 1-21 “81 
Dissolved oxygen taken up in 24 hours” - - 2 5 = soe oe 
Suspended solids - - - - - - - - — —- =~ 














Number of samples analysed for the average = 3. 


Contact Beds Treating Settled Sewage.— 


Number of times beds were filled during month — - - - - - - - 76 
Amount of liquid treated per cube yard per 24hours - - - - - - 123-6 gallons. 


Average Analysis of Effluent. 




















ee le | Best. Worst. Average. 
| : 
Ammoniacal nitrogen - - - - - - - “35 5 236 
Albuminoid nitrogen . - : TD.) See 7 -08 12 ‘a8 
Nitric nitrogen - = : : . . - 1-40 58 87 
Oxygen absorbed from KMn0O, in4 hours - - - 2 65 -97 81 
Dissolved oxygen taken up in 24 hours) - : : é oe an ba 








Suspended solids a ‘ $ 


Number of samples analysed for the average = 3; 
6225—Ap. I. 3R 
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APPENDIX . 


SHEFFIELD-—continued. 


SewacE,— 
Average daily flow - 
Maximum daily flow - - 24,370,000 


Minimum daily tiow - - 13,060.000 


- 20,450,000 gallons - 


October, 1903. 


Total rainfali 2 - - -. 4°71 inches. 
i - Rainfall ae Stl. 3 4G aes 
ss = Rainfall - < = : areal bs pe 


Average Analysis of Sewage. 
































a Best. | Worst. | Average. 
Ammoniacal nitrogen - : : - - . - 1-06 3°29 177 
Albuminoid nitrogen : - ‘ = A ae | 28 ‘S8 63 
Oxygen absorbed from KMnO, in 4 hours” - - - 4:97 9°81 6°55 
Suspended solids - - - - : : 5 : te ates pant 
Soluble solids - - - - - - - E - — es -- 
Number of samples analysed for the average = 8. 
Sepric Tanx:— 
Average flow through the tank - - - - - : . - - - 57,000 gallons. 
Amount of sludge dealt with during month - - x - - - - : - nil. 
Average Analysis of Septic Liquor. 
~ — -_— ee — —— —_—_—_—_ —— ——~ ie —— —_—_———— _ - =n = er he 
So Best. ; Worst. Average. 
Ammoniacal nitrogen —- : 4 : ; s Z 1:06 3:27 1-67 
Albuminoid nitrogen - - ~ : : - “14 “63 “32 
Oxygen absorbed from KMnO, in 4 hours — - - - 3°27 5-98 $25 
Suspended solids’ - - - - - = a = te 
Soluble solids - : ee ae, = 





Number of samples analysed for the averaye = 8; 


SETTLED SEWAGE.— 


Average settlement given - - 


Amount of sludge dealt with during month 


Average Analysis of Settied Sewage. 

















- 2 to 3 hours; 


- 50 tons (97% water). 





‘euana. Best. Worst. 
Ammoniacal nitrogen - - - - " 4 L “58 1:88 
Albuminoid nitrogen : & é 4 ~ . ‘ 17 +45 
Oxygen absorbed from KMnO, in 4 hovrs - -~ - 2-671 5-20 
Suspended solids - - . : : sj - : = — 
Soluble solids - - - - - : * : oe bn 


Number of samples analysed for the average = 8. 








Average. 


14 
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FIntEers.— 


Contact Beds Treating Crude Sewage.— 


Number of times primary beds were filled during month = - ; : . - - 32 
Number of times secondary beds were filled during month — - - - - . - 76 
Amount of sewage treated per cube yard per 24 hours - - - - - | mene 


Average Analysis of Effluent. 








wi la Best. | Worst. | Average. 
Ammoniacal nitrogen —- ie a aa Die 06 "30 “09 
Albuminoid nitrogen Loe A a 012 07 "024 
PMO) fo ee Pe 2-45 81 1:44 
Oxygen absorbed from KMnO, in4 hours - - ° - ‘Il ‘51 “32 


Dissolved oxygen taken up in 24 hours 


Suspended solids — - oe fe - : : : Pa _ 








Number of samples analysed for the average = 8. 


Contact Beds Treating Septic Liquor.— 


Number of times beds were filled during month - 81 
Amount of liquid treated per cube yard per 24 
hours - - - - - - - - - Ist contact, 102 gallons ; 2nd contact, 185°1 gallons. 


Average Analysis of Effluent. 























——— | Best. Worst. Average. 
Ammoniacal nitrogen - - - - - - - | 12 | 64 30 
Alpamionimitropen (CCCUK 012 | 15 042 
Nitric nitrogen 1 : : : : 1°81 | -70 ick? 
Oxygen absorbed from KMnO, in 4 hours - - - - | Sty | 1°20 :70 
Dissolved oxygen taken up in 24 hours | - - - — | wad ee 
Suspended solids — - - - - - - - -- — —- -- 








Number of samples analvsed for the average = 


Contact Beds Treating Settled Sewage.— 


Number of times beds were filled during month - - . . ta 
Amount of liquid treated per cube yard per 24 hours - - - - 118:2 gallons. 


Average Analysis of Effluent. 

















—_—— : Best. Worst. | Average. 
Ammoniacal nitrogen - mh - - : - 058 “41 14 
Albuminoid nitrogen - - 5 - - - - 012 ‘07 036 
Nitric nitrogen - “eae - - : - : 1°41 "95 1:20 
Oxygen absorbed from KMnO, in 4 hours” - - - “30 nf "50 
Dissolved oxygen taken up in 24 hours - - - -- -- — 
Susnended solids - : - - - : - 2 ao ate =e 


ot A SEOREE NPT Ne RI ARCS ATI, RRR 





Number of sampies analysed for the average = 8. 
6225—Ap. I. 3R2 











500 APPENDIX : 
SHEFFIELD —continued. 
November, 1903. 
SEWAGE.— 
Average daily flow - - 18,167,000 gallons - Total rainfall - - - 1-93. inches 
Maximum daily flow - - 21,450,000 ,, - Rainfall - - - - "OS \ahay 
Minimum daily flow - - 13,550,000 _,, - Rainfall - - - - Cs 
Average Analysis of Sewage. 
— — ; 
ees | Best. | Worst. | Average. 
Ammoniacal nitrogen - ~ - - - - - 14] 4°00 | 2°60 
Albuminoid nitrogen - - - - - - - "42 1°41 806 
Oxygen absorbed from KMnO, in 4 hours” - - . 6°27 12°04 9°01 
Suspended solids” - - - - - - - : — a ion 
Soluble solids z : : : : Z : ee = eal 








Number of samples analysed for the average=9. 


Septic Tank.— 
Average flow through the tank - - - = é : Es 


Amount of sludge dealt with during month ~~ - - - - - - 


Average Analysis of Septic Liquor. 


nes, 


-  - 57,000 gallons. 











Sees Best. 

Ammoniacal nitrogen - - - - - - - 2°46 
Albuminoid nitrogen - - - - - - - “35 
4 hours” - - - 5°45 


Oxygen absorbed from KMnO, in 
Suspended solids = - 5 . . : 


Soluble solids - - - - : - ‘ . 3 











= - - - nil, 
Worst. Average. 
3°28 3°03 
“56 "43 
6°50 5°97 











Number of samples analysed for the average =4. 


SETTLED SEWAGE.— 
Average settlement given - - - S = : P 5 


Amount of sludge dealt with during month - - - : 3 : 


Average Analysis of Settled Sewage. 














. -_——— | Best. 
Ammoniacal nitrogen - . - - - - = 1-29 
Albuminoid nitrogen - - - - 2 : ! “24 
Oxygen absorbed from KMnO, in4hours - - - - 4°40 | 
Suspended solids - : - - - - - - | ae | 
Soluble solids - < foo - * = 5 . a | 








Number of samples analysed for the average=5. 


- 2 to 3 hours. 


52 tons (959% water). 





Worst. Average. 
3°06 1°90 
1°02 “50 
4:93 4°61 


=, 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 
#ILTERS.— 
Contact Beds Treating Crude Sewage.— 
Number of times primary beds were filled during month - - - - : - - 37 


Number of times secondary beds were filled during month - : - : - - 67 
Amount of sewage treated per cube yard per 24 hours - - - - - i 


Average Analysis of Effluent. 
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—— Best. | Worst. Average. 
Ammoniacal nitrogen - - : - . é : 06 “4] 27 
Albuminoid nitrogen - - - : ; : , 035 “082 062 
cs RS 2-64 1-05 153 
“Oxygen absorbed from KMnO, in 4 hours — - - - 44 “74 ‘54 
Dissolved oxygen taken up in 24 hours” - - - - —~ os -_- 





‘Suspended solids - - - - 5 = : 2 = a at 





Number of samples analysed for the average = 6. 


Contact Beds Treating Septic Liquor.— 


Number of times beds were filled during month 54 
Amount of liquid treated per cube yard per 24 




















hours - 5. = : - : - Ist contact, 97-3 gallons ; 2nd contact, 191-2 gallons. 
Average Analysis of Effiwent. 
ae | Best. | Worst. | Average. 
Ammoniacal nitrogen - - - - - = “35 ‘70 51 
Albuminoid nitrogen - - - = - : 4 03 105 | “O76 
‘Nitric nitrogen - - - - - : : 1-45 92 | 1°12 
Oxygen absorbed from KMnO, in 4 hours - - - ‘cE 1-09 ‘87 
| | 
‘Dissolved oxygen taken up in 24 hours - - . : -~ —— — 





‘Suspended solids — - - - : : = é A | =. a wok 








Number of samples analysed for the average = 4. 


Contact Beds Treating Settled Sewage.— 
Number of times beds were filled during month - - : 5 alo 


Amount of liquid treated per cube vard per 24 hours” - - - - - 115°5 gallons. 


Average Analysis of Effluent. 





—— — a “ = = ws ee 











Dissolved oxygen taken up in 24 hours - - - - -—- 


——— | Best. | Worst. | Average. 
-Ammoniacal nitrogen — - : : - : . aml Bt | 28 22 
-Albuminoid nitrogen - - “ : n 2 é 035 “082 ‘054 
‘Nitric nitrogen Me ei Pe te tte 1-98 ‘94 1-26 
‘Oxygen absorbed from KMnO, in 4 hours — - - - “44 1:03 68 


‘Suspended solids = - - 2 = ’ s 3 ‘ hast te = 





Number of samples analysed for the average = 5 
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SEWaGE.— 


Average daily flow 


APPENDIX: 


SHEFFIELD—continueds 


- 17,105,000 gallons 


Totai rainfall 











December, 1903. 


- 955 inches 























Maximum daily flow - - 21,570,000 ,, - Rainfaii - = La i 
Minimum daily tiow - 13,150,000, : Rainfall - - - nl. 
Average Analysis of Sewage. 
————— Best. | Worst | Average. 
eee Ue tn ¥ ae it | = 
Ammoniacal nitrogen - - - - - - 1-79 | 3°13 2-44 
Albuminoid nitrogen - - - > - - 60 | ne) 4 
Oxygen absorbed from KMnO, in 4 hours 4°81 6-58 6-00 
Suspended solids = - - . . - - 5 S —_ kee ha 
Soluble solids - - 7 3 ‘ a ce 5a ay tex be 
_ Number of samples analysed for the average =9. 

Sepric Tanx.— 

Average flow through the tank -~— - - - - : : : - 57,000 gallons. 

Amount of sludge deait with during month - : - - - - nil 

Average Analysis of Septic Liquer. 
ay Best. Worst. Average. | 
. Ammoniacal nitrogen - . : - - 1:54 2-70 2-18 
| 

Albuminoid nitrogen - - - - - - - 32 “55 43 
Oxygen absorbed from KMnO, in 4 hours” - - - 4:00 5:17 4°35 
Suspended solids = - - - - - - - - _ Boo = 
Soluble solids - - - - - - . - - —_ — = 











= —— ee — + 





Number of samples analysed for the average=7; 


SETTLED SEWAGE.— 


Average settlement given - - - - - - - 2 to 3 hours: 
: 


Amount of sludge dealt with during montn - . - - 60 tons (95% water. 


Average Analysis of Setilea Sewage. 























: —— . Best. | Worst. Average. 
Ammoniacal nitrogen - - “ “ - ‘ 2 aa! ee aD 
Albuminoid nitrogen - ; - - uA == — 
Oxygen absorbed from KMnO, in 4 hours - - 5°65 6°41 6-02 


Suspended solids - : ’ ‘ ; . 5 ath ee. 


Soluble solids - - - ee 4 . - s oa | 








Number of samples analysed for the average =2: 


“ROYAL COMMISSION ON SEWAGE DISPOSAL. 


SHEFFIELD—coniinued. 


FILTERS.— 


Contact Beds Treating Crude Sewage.— 


Number of times primary beds were filled during month — - - 
Number of times secondary beds were filled during month - - 
- Amount of sewage treated per cube yard per 24 hours - - 


Average Analysis of Effluent. 








Ammoniacal nitrogen — - - x Z 

Albuminoid nitrogen . 3 : the 
Nitric nitrogen . . : a : 2 : 
Oxygen absorbed from KMnO, in 4 hours - - 
Dissolved oxygen taken up in 24 hours” - - - 


Suspended solids - = : 2 ; : 


| 
| 
| 


Best. 
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Number of sampies analysed for the average = 


Contact Beds Treating Septic Liquor.— 


Number of times beds were filled during month - 


Amount of liquid treated per cube yard 
, 24 hours” - - 7 E a « 


per 


Average Analysis of Effluent. 





Ammoniacal nitrogen - 2 2 : Y 3 
Pitbaminoid nitrogen - - 2 r a E 
Nitric nitrogen - - : : F F e 
Oxygen absorbed from KMnO, in 4 hours — - - 
Dissolved oxygen taken up in 24 hours - - = 


‘Suspended solids - - - - ; : A 





Contact Beds Treating Settled Sewage.— 




















Number of times beds were filled during month - 
Amount of liqnid treated per cube yard per 24 hours 


Number of samples analysed for the average = 


Average Analysis of Effluent. 





Ammoniacal nitrogen - - Z é 
Albuminoid nitrogen - - 2 3 4 : 
Nitric nitrogen e | . : E Bi aig! 
Oxygen absorbed from KMnO, in4 hours - : 2 
Dissolved oxygen taken up in 24 hours - < . 


Suspended solids” - - - - - ‘ 











81 
- Ist contact, 95-8 gallons ; 2nd contact, 177°3 gallons. 
Best. Worst. | Average: 
24] “90 ‘68 
058 “105 2078 — 
1-17 65 £93 
| 47 1-04 68 
7. 
s : p - 63 
: 2 - 118 gallons. 
Best. Worst. Average. 
+35 251 ‘43 








Number of samples 


analysed 


for the average 
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SHEFFIELD— continued, 
January, 1904, 


SEwaGE.— 





























Average daily flow - - 17,827,000 gallons ° Total rainfall : - - 1575 inches. 

Maximum daily flow - - 20,440,000 __,, - Rainfall - - - - = ce] F “a 

Minimum daily flow - - 13,180,000 __,, - Rainfall - - . A - nil. 

Average Analysis of Sewage. 
ES Se, Best. Worst, Average. 
| 2 
Ammoniacal nitrogen : - - - - | 1°53 4°11 2°29 
Albuminoid nitrogen = 3 2 - E = : “D2 284 63 
Oxygen absorbed from KMnO, in 4 hours - - 5°52 11°58 7°08 
| 
Suspended solids - > - - - - : - = | vad | ar 
Soluble solids - - é : s ’ 5 2 : dad | _* me 
Number of samples analysed for the average = 16. 

Septic Tank.— 

Average flow through the tank - - - - - - : : - 57,000 gallons. 

Amount of sludge dealt with during month - - - - : - - nil, 

Average Analysis of Septic Liquor. 
—_—— Best. | Worst | Average. 

Ammoniacal nitrogen —- : - - - - - ie we 2°64 2-20 
Albuminoid nitrogen A 3 g i: i £ it “26 73 -40 
Oxygen absorbed from KMnQ, in 4 hours” - - - 3°24 4:97 4-03 
Suspended solids - - - - - - - ona — — —~ 
Soluble solids ° > : - - + - - -- -- ne 











Number of samples analysed for the average = &. 


SETTLED SEWAGE.— 


Average settlement given - - - - . - - - - - 2 to 28 hours, 
Amoust of sludge dealt with during month - - - - - - - 57 tons (97% water). 


Average Analysis of Settled Sewage. 

















=i | Best. | | Worst, Average. 
Ammoniacal nitrogen - . - aie - - | — — a. j 
Albuminoid nitrogen 4 = 5 2 - “ i =e | ae ee 
Oxygen absorbed from KMnQ; in 4 hours” - : aya -- | =i 8 
Suspended solids” - - - : “ ~ “ 2 7 | && re. 
Soluble solids - - . > ; : . . = | ae (os 
7 el nest | 











Number of samples analysed for the average = 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 


FILTERS,— 


Contact Beds Treating Crude Sewage.— 
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Number of times primary beds were filled during month - - : - - - 40 
Number of times secondary beds were filled during month - - - - - - 73 
Amount of sewage treated per cube yard per 24 hours - - . - : ” - ae 
Average Analysis of Effluent. 
ae = ——— | : 
+ | Best. Worst. Average. 





Ammoniacal nitrogen - -~— - : 
Albuminoid nitrogen - ; zs 
Nitric nitrogen - : 3 : A 
Oxygen absorbed from KMnO, in 4 hours 
Dissolved oxygen taken up in 24 hours. - 


Suspended solids - - - : - 





Number of samples analysed for the average 


Contact Beds Treating Septic Liquor.— 


Number of times beds were filled during month - 
Amount of liquid treated per cube yard per 24 hours 








78 


Ist contact, 88-2 gallons ; 








2nd contact, 176 gallons. 


























- Average Anatysis of Effluent. 
—-—— Best. Worst, Average: 
Ammoniacal nitrogen” - - 2 4 r x < 17 94 ‘49 
Albuminoid nitrogen - - - - - - : 01 £105 05 
Nix@eatoge| > = SAS - 3; ae 2-22 113 
Oxygen absorbed from KMnO, in 4 hours - -~— - — — ce 
Dissolved oxygen taken up in 24 hours - : - - — = sid 
Suspended solids” - - - - oe deen: AP, : = ey ane 
Number of samples analysed for the average = 
Contact Beds Treating Settled Sewage.— 
Number cf times beds were filled during month - - - - 35 
Amount of liquid treated per cube yard per 24 hours. - - - - 134°7 gallons, 
Average Analysis of Effluent, 
a Best. Worst. Average 





Ammoniacal nitrogen” - - 5 cn 
Albuminoid nitrogen - : 5 ‘ 
Nitric nitrogen ‘SP at ah 
Oxygen absorbed from KMnO, in 4 hours 
Dissolved oxygen taken up in 24 hours. - 


Suspended solids’ - - : 3 Bs 





6225—A p. iT 





ee ee 





Number of samples analysed for the average= 
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APPENDIX ; 


SHEFFIELD—continued. 


SEWAGE.— 


Average daily flu.w - 


Maximum daily flow - - 21,140,000 


- 19,646,000 gallons 


9? 


- Total rainfall - 


Rainfall 





Minimum daily flow -  - 14,280,000 _,, - Rainfall 

Average Analysis of Sewage. 

ae Best. 

Ammoniacal nitrogen’ - - - - - - - 1.06 
Albuminoid nitrogen - . : - - - “31 
Oxygen absorbed from KMnO, in 4 hours” - - - 4:24 
Suspended solids” - - - : - é = A Be 
soluble solids - - - - - - - - - -- 














February, 1904; 


- 4645 inches. 


‘ll 


2”? 


05 Pee 


Average. 





1-92 





Number of samples analysed for the average = Il. 


Septic Tank.— 
Average flow through the tank -~— - 


Amount of sludge dealt with during month 


Average Analysis of Septic Liquor. 


- = 57,000 gallons. 


- - 11 tons 10 cwt. (839% water) 




















ESSE | Best. | Worst. | Average. 
Ammoniacal nitrogen = - - - - - : - 1°52 2°47 1:9£ 
Albuminoid nitrogen - : - - - - : 31 245 36 
Oxygen absorbed from KMnO, in 4 hours - + + 3°27 3°70 3-47 


Suspended solids’ - 
Soluble solids - - - 5 ‘ . = 








—— 


Number of samples 


SETTLED SEWAGE.— 
Average settlement given - : “ 


Amount of sludge dealt with during month 


Average Analysis of Setiled Sewage. 








= - 2 to 3 hours, 


3 - 65 tons (96% water). 

















pare re Best. | Worst. | Average, 
Ammoniacal nitrogen « : - - - - - 1-05 3°17 2-01 
Albuminoid nitrogen “ = = ~ : I a 35 “47 -4] 
Oxygen absorbed from KMnO, in 4 hours” - - - 2°77. 5°57 3°82 
Suspended solids - - - i : « : ea an okt 
Soluble solids - - : 2 : = : - is = a he 
ae f- - 








Number of samples analysed for the average = 6. 


ROYAL COMMISSION ON SEWAGE DISPOSAL 507 


SHEFFIELD—continued. 


FiLtTers.— 


Contact Beds Treating Crude Sewage.— 


Number of times primary beds were filled during month - - - - 63 
Number of times secondary beds were filled during month - - - - 45 
Amount of sewage treated per cube yard per 24 hours” - : - mee 


Average Analysis of Effluent. 




















--—_— Best. | Worst. | Average. 
Ammoniacal nitrogen - - : - . - - ‘ll “88 “40 
Albuminoid nitrogen - - - - - - 017 105 ts “06 
Nitric nitrogen My - - - me ie - - 2:24 87 : has ; 1-58 
Oxygen absorbed from KMnO, in 4 hours - - - 15 61 Los a 
Dissolved oxygen taken up in 24 hours. - - - - ~~ -- a -- 
Suspended solids - - ; A = A * = — A 








Number of samples analysed for the average = 11. 


Contact Beds Treating Septic Liquor.— 
Number of times beds were filled during month - 60 : 
Amount of liquid treated per cube yard per24hours Ist contact, 77 gallons* ; 2nd contact, 170.6 gallons. 


Average Analysis of Effluent. 
































ee Best. | Worst. | Average. 
) | | 
Ammoniacal nitrogen - - - - - - - 23 “58 40 
Albuminoid nitrogen - - - - . - - "035 “082 047 
Nitric nitrogen 6 Se i os a 1-81 294 pact 14:82 
Oxygen ahsorbed from KMnO, in 4 hours’ - - - 34 -70 Raat DT 
Dissolved oxygen taken up in 24 hours - - - - = = aa 
Suspended solids” - - . : : : : A aoe = - 
Number of samples analysed for the average = 5, 
Contact Beds Treating Settled Sewage.— 
Number of times beds were filled during month - - - - - 69; 
Amount of liquid treated per cube yard per 24 hours. - - - - - 129-3 gallons. 
Average Analysis of Effluent. 
-—— Best. | Worst. | Averages 
Ammoniacal nitrogen -~— - - . - - - HI 247 23 
* Albuminoid nitrogen - - - - -  - - 035 047 “41 
Nitric nitrogen - - - - - > - - 1-81 $82 1°56 
Oxygen absorbed from KMnO, in 4 hours” - - - *28 65 “45 
Dissolved oxygen taken up in 24 hours - - - - -- -~ aks 
Suspended solids - _ E 4 = 3 im P. = ie ak 





Number of samples analysed for the average = 6. 


Remarks.—*The Ist contact bed treating septic liquor was clogged on the surface. It was, therefore, turned 
over from the bottom. On re-filling, a large amount of suspended matter came away, and continued to do so for several 
days. On February 15th, after resting, the amount of sewage per filling amounted to 131°8 galloas per cubic yard, 
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SHEFFIELD —continued. 
March, 1904. 











SEWAGE.— 

Average daily flow - - 17,404,000 gallons - Total rainfall - : - - 1-93 inches, 

Maximum daily flow - — - 20,810,000 _,, wee = = : : Cole) etm ee 

Minimum daily flow” - - 12,320,000, « Rainfall 2 : - - - ani 

Average Analysis of Sewage. 
we | Best. | ' Worst. Average. 

Ammoniacal nitrogen - - - - - - - | 1-52 3°17 2°40 
Albuminoid nitrogen - - - - = = 2 :38 295 276 
Oxygen absorbed from KMnO, in 4 hours - - - 5°87 10°75 "7°32 
Suspended solids’ - - - - - - - - — —- -- 
Soluble solids - - - - 2 == ws Bs 











Number of samples analysed for the average = 13. 


Septic TankK.— 
Average flow through the tank - - - - - - - . - 957,000 gallons. 


Amount of sludge dealt with during month - - - - - - - 2 tons 17 ewts. (S2 % water): 


Average Analysis of Septic Liquor. 

















ace ee Tin Best. Worst, Average. 
‘ } 
Ammoniacal nitrogen - - - - - . = | 1-41 3°25 | 2°47 
Albuminoid nitrogen - - - : 3 é é 4 ‘53 40 
Oxygen absorbed from KMnO; in 4 hours” - S Bae 4-23 DOL | 4:88 
Suspended solids - - - - - - - ; = 3 Bes 
Soluble solids - - - - - - - Ss = a Es a 








Number of samples analysed for the average = 5. 


SETTLED SEWAGE.— 


Average settlement given - - - - - - + he - . 2to 3 hours, 
Amount of sludge dealt with during month = - - - - - - - 55 tons (97% water). 


Average Analysis of Settled Sewage. 














Saas | Best. | Worst. Average. 
Ammoniacal nitrogen - - 3 ; é “ E 1:40 2:94 2-24 | 
Alb iminoid nitrogen - - - - 4 “ 4 24 56 “44 
Oxygen absorbed from KMnOQ, in 4 hours” - - - 417 6-04. 4-98 
Suspended solids « e “ 2 2 : : ¢ Se ee — 
Soluble solids - - - - < : 2 : fee = a 


Number of samples analysed for the average = 8. 
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FLLTERS.— 


Contact Beds Treating Crude Sewage.— 
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Number of times primary beds were filled during month - - - - - » 4) 

Number of times secondary beds were filled during month - - - - - - 62 

Amount of sewage treated per cube yard per 2t hours - - - - - - _ 

Average Analysis of Efflwent. 
on a 
ae Best. Worst. Average, 
Ammoniacal nitrogen - - : : - : a ‘11 76 “34 
Albuminoid nitrogen - : = - - : : -Ol 106 061 
Hy 

Nitric nitrogen - = - 5 eee : 3 2°44 247 1-94 
Oxygen absorbed from KMnQ, in 4 hours” - - - 27 "73 “At 
Dissolved oxygen taken up in 24 hours - : : S5 ‘he. = 
Suspended solids - : - - : s 5 = aie an 











a 


Number of samples analysed for the average = 13. 


Contact Beds Treating Septic Liquor.— 



































Number of times heds were filled during month - 81. 
Amount of liquid treated per cube yard per 24 
hours - - - - - - = - 1st contact, 132-9 ; 2nd contact, 167 gallons. 
Average Analysis of Effluent. 
cag sa Best; Worst. Average. 
Ammoniacal nitrogen . 2 B - 5 , 17 #82 47 
OT a | 035 2105 065 
Nitric nitrogen - - - - - - - aa 87 1-75 1-45 
Oxygen absorbed from KMnO, in 4 hours - - - “42 90 65 
Dissolved oxygen taken up in 24 hours” - - - - — Ae —— 
Suspended solids - - - - “ : = a — = ud 
Number of samples analysed for the average = 5. 
Contact Beds Treating Settled Sewage.— 
Number of times beds were filled during month. - - - - - «< S1) 
Amount of liquid treated per cube yard per 24 hours - - - . - 117 gallons. 
Average Analysis of Effluent. 
| 
lates: Best. Worst. Average. 

Ammoniacal nitrogen - ny “ : “ . 23 “47 “34 
Albuminoid nitrogen - - - : - - - 035 *105 068 
Nitric nitrogen - - - - - - - - ~ I8l “40 1-41 
Oxygen absorbed from KMnQ, in 4 hours - - - i “90 ‘67 
Dissolved oxygen taken up in 24 hours” - - . — — = fe 
Suspended solids - = a 2 : = : F = _ 2 











Number of samples analysed for the average = 8. 
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SHEFFIELD —continued. 
April, 1904. 





























SEwAaGE— 
Average daily flow - - - 16,219,909 gall-ns - 3 - Rainiall ~ = - 1:74 inches 
Maximum daily flow - “-. - 19,890,000%% 30UU™ Sis Dee Saini he te ee eee 
Minimum daily flow - - - 12,030,000 __,, - - - Rainfall - - - nil. 
Average Analysis of Sewage. 
a Best. | Worst. | Average. 
Ammoniacal nitrogen - - - : * : 2 2°47 5-06 - 3.06 
Albuminoid nitrogen - - - - - - - - “64 1-20 “94 
Oxygen absorbed from KMn0O, in 4 hours - - - 6:88 Tete 10°20 
Suspended solids - - - - - - - - — er ne 
Soluble solids” - - : - - - - - - -— —~ rg ae 
¥ — 
Number of samples analysed for the average = & 
Sepric Tank— 
Average flow through the tanks - - - - - - - 57,000 gallons, 
Amount of sludge dealt with during month - - - - - nil. 
Average Analysis of Septie Liquor. 
LS So | Best. | Worst. | Average. 
Ammoniacal nitrogen - - “le - - - 165 4°35 2-78 
Albuminoid nitrogen - - - - : : = “39 “89 “52 
‘Oyxgen absorbed from KMn0O, in 4 hours - : - - 5°23 6°55 5°90 
Suspended solids - - - : - - 2 s es — eh 
Soluble/Golids:.. 2 se) =>. ) ie ee ee — -- ; aS 
Number of samples analysed for the average == 8, 
SErrTLeD Sewaqcu— 
Average settlement given - - - - - - - 2to 3 hours, 


Amount of sludge dealt with during month - sot - . 55 tons (96 per cent. water). 


Average Analysis of Settled Sewage. 








_—— | Best. 3 | Worst. | Average. 
Ammoniacal nitrogen - - - - - - - 2°12 3°53 bape 
Albuminoid nitrogen - - - - - - - - "32 “92 ~ iG 
Oxygen absorbed from KMnOy, in 4 hours + 2s - 4:46 6°10 5°36 
Suspended solids’ - - - - - - - : — = 1° ie 
Soluble solids = - - 2 ; - e . 3 4 me ae Bt, 


Number of samples analysed for the average = 5, 
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; SHEFFIELD-—continued. 
FILTERS- 
Contact Beds Treating Crude Sewage— 
Number of times primary beds were filled during month - - - - - 
Number of times secondary beds were filled during month - - - - 


Amount of sewage treated per cube yard per 24 hours - - - - < 


Average Analysis of Effuent. 


ae EE ee eee 


oo : Best. Worst. Average. 





Ammoniacal nitrogen - - - - - - - = = _ 
Albuminoid nitrogen - - = - - = = : as ie : psa 
Nitric nitrogen - - - ee “ 2 re <= at = 


Oxygen absorbed from KMnQ, in j hours - - - - — mes 2 








Dissolved oxygen taken up in 24 hours” - - Sy t — a test 





Suspended solids - - - : ‘ 2 3 - red — ict 





Number of samples analysed for the average = 


Contact Beds Treatiny Septic Liquor — 
Number of times beds were filled during month - - 8i. 
Amount of liquid treated per cube yard per 24 hours - 127 gals. (1st contact) ; 162 gals. (2nd contact). 


Average Analysis of Effluent. 











ae Best. | Worst. | Average. 
Ammoniacal nitt ogen - - - . - - - 23 1-12 43 
Albuminoid nitrogen - - - - - - - - 06 15 09. 
Nitric nitrogen - - : - - - - - - 164 53 1-00 
Oxygen absorbed from K¥MnO,in4hours-  - -— - ‘57 1:28 "84 
Dissolved oxygen taken up in 24hours - + =: = — = ae 
‘Suspended solids . - ee ee ae — bat 








Number of samples analysed for the average = 8. 


Contact Beds Treating Settled Sewage— 
Number of times beds were filled during month - aE ge 
! 


Amount of liquid treated per cube yard per 24 hours - 112 gallons. 


Average Analysis of Hfluent. 

















a aoe Best. | Wc rst. | Average. 
Ammoniacal nitrogen eae : : : : : 23 70 “59 
Albuminoid nitrogen - - - - - - - - 017 ‘07 048 
Nitric nitrogen - - - - - - - - - 1°87 46 138 
Oxygen absorbed from KMn0O, in 4 hours - - - - “41 “80 “56 
Dissolved oxygen taken up in 24 hours” - - - - — a. es 
Suspended solids iP of te - - - - - - — —_ Mis 

















Number of samples analysed for the average = 5, 


Or 
jae 
bt 


APPENDIX : 


SHEFFIELD—continued. 





May, 1904. 

SEWAGE— 

Average daily flow - - 14,990,000 gallons - Rainfall 1:79 inches. 

Maximum daily flow - = 193730;000 aes - Rainfall - - - *39 > 

Minimum daily flow. - - 10,860,000 __,, - Rainfall - - . nil. < 

Average Analysis of Sewage. 
ee | Best | Worst. Average 

Ammoniacal nitrogen - : - - - - : 1°88 3°18 2°71 
Albuminoid nitrogen - - - - - . - - ‘57 1:23 “90 
Oxygen absorbed from KMnO, in 4 hours” - - - 5:62 10-42 7°55 


Suspended solids - - 


Soluble solids” - s = f 


SePTic TANK— 





Average flow through the tank - - - - - 


Amount of sludge dealt with during period - - 


Ammoniacal nitrogen - - 


Albuminoid nitrogen - “ ‘, 


Oxygen absorbed from KMnO, in 4 hours - - - 


Suspended solids a ‘ S 
Soluble solids’ - = - 4 





SETTLED SEwWAGE— 


Average Analysis of Septre Liquor. 


Number of samples analysed for the average = 4. 














57,000 gallons. 





Best. Worst Average. 
é A : : 1:88 3°88 3:18 
- - - - *32 64 tbe 
5°47 6°37 5:98 
Number of samples analysed for the average = 4. 
: : S d : : - 2 to 3 hours 


Average settlement given 


Amount of sludge dealt with during month - 


Average Analysis of Settled Sewage. 





Ammoniacal nitrogen - - 


Albuminoid nitrogen - : - 


Oxygen absorbed from KMnO, in4hours - - : - 


Suspended solids - s ‘ 


Soluble solids’ - 5 = 3 





7 


50 tons (97°5 per cent. water) 


Best. | Worst. | Average. 
2°12 2°82 2°47 
“32 “78 56 
4°86 6°46 5°70 


— 


So 


Number of samples analysed for the average = 4. 


—_— 
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SHEFFIELD—continued. 
FInteErRs— 
Contact Beds Treating Crude Sewage.— 
Number of times primary beds were filled during the month = - - . -_— 
Number of times secondary beds were filled during the month - - - -— 


Amount of sewage treated per cube yard per 24 hours . - - -_ — 


Average Analysis of Ejfiuent. 











—. Best. | Worst. | Average. 








“Ammoniacal nitrogen - - - - - - . z ree an ‘= 
Albuminoid nitrogen - — - ae) Vaee | 8d: i set ae: s 
Nitric nitrogen -  - : oe I See iae ofae Res : a ie 
Oxygen absorbed from KMnO, in4hours- | Sf ee oe — x 
Dissolved oxygen taken up in 24 hours - - “ - aan a a 


Suspended solids- — - 2) =) Se ae Ss ai — 








Number of samples analysed for the average = —- 
Contact Beds Treating Septic Liguor— 


Number of times beds were filled during month - 81. 
Amount of liquid treated per cube yard per 24 
































hours. - - - 122 gallons (1st contact) ; 163 gallons (2nd contact). 
Average Analysis of Hfftuent. . 
——. Best. | Worst. — | Average. 
Ammoniacal nitrogen -—— - - - - - - - “12 ; 1:00 "58 
Albuminoid nitrogen - - - - - - - “02 "15 ‘10 
Nitric nitrogen” - - - om Foe - - es iar 1:22 58 78 
Oxygen absorbed from KMnO, in 4 hours - - - - 28 1°40 ‘BB 
. Dissolved oxygen taken up in 24 hours - - - - — ~ ae 
Suspended solids - - - - - : - - - — ae aoe 
Number of samples analysed for the average = 4. 
Contact Beds Treating Settled Sewage— 
Number of times beds were filled during month - 8&1. 
Amount of liquid treated per cube yard per 24 
hours - - . - - - - 117 gallons. 
Average Analysis of Eqfiuent. 
— Best. | Worst. Average. 
Ammoniacal nitrogen - - - - - - - ‘18 65 32 
Albuminoid nitrogen - . - : - - - - "03 ‘15 Ue 
Nitric nitrogen - ~ - - - - - - - 1°34. "81 “98 
Oxygen absorbed from KMnQ, in 4 hours - “ - - 28 "74 ‘44 
Dissolved oxygen taken up in 24 hours - - - - ae vies mt 





Suspended solids - - - - - - - - : 7 = ne 





Number of samples analysed for the average = 4. 
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SHEFFIELD—continued. 


SEWAGE— 
Average daily flow - - 15,059,000 gallons - Rainfall - - - 
Maximum daily flow - 18,940,000  ,, Rainfall - - - 
Minimum daily flow - - 10,070,000 * - Rainfall - - - 


Average Analysis of Sewage. 


June, 1904. 


- 111 inches 


ae 











—-- Best. Worst. 
Ammoniacal nitrogen - = - . - - 2°35 3°88 
Albuminoid nitrogen - Zod CN Le eats “45 "89 
Oxygen absorbed from KMnO, in 4 hours” - - - 6°57 12°85 
Suspended solids’ - - - - - = - - — — 
Soluble solids - - . - - - : - — — 











Number of samples analysed for the average = 6. 


Septic TANK— 


Average flow through the tank - - - - - . - 57,000 gallons. 


Amount of sludge dealt with during month - - . - - nil. 


Average Analysis of Septic Ligour. 





—-—— Best. “Worst. 
Ammoniacal nitrogen - - - - - - - 2°47 3°76 
Albuminoid nitrogen - - - - - - - “OE: "67 
Oxygen absorbed from KMnO, in 4 hours” - : - 4°38 . 6°50 
‘Suspended solids - - - i- + -- - ~ — 
Soluble solids - - é 2 z sd 2 Z oe ne 





Number of samples analysed for the average = 6. 


SETTLED SEWAGE— 


Average settlement - - - - fu - 2 to 3 hours. 


Average. 


2°71 
“70 
8°58 


Average. 


2°82 
“41 
5°58 


Amount of sludge dealt with during morth - - - 51 tons (97 per cent. water). 


Average Analysis of Settled Sewage. 
ee ee ee 











—-—— Best. Worst. 
Ammoniacal nitrogen - - - - - - 1°53 2°94 
Albuminoid nitrogen - - - - - - 28 74 
Oxygen absorbed from KMnQ, in 4 hours : : : 4°66 5°66 
Suspended solids - §- - + = ‘# + = — — 
Soluble solids - - - - “ : . - - ae ie 
ff 


Number of samples analysed for the average = 6 


Average. 


2°23 
*43 
4°96 
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SHEFFIELD—continued. 


FILTERS— 
Contact Beds Treating Crude Sewage— 


Number of times primary beds were filled during month-  - - = + > 
Number of times secondary beds were filled during month _ - . See er oe = 


Amount of sewage treated per cube yard per 24hours - - - - = = = 5 = 
Average Analysis of Effluent. 
ns 
| Best. : Worst. Average. 








Ammoniacal nitrogen - - - -— - oe ihe eae a8 a 
Pimemnod nitrogen = -- - - §- - +4 -> * = = 
Nitric nitrogen - p=. ee ALA ay.) 238 ne ; ah 
Oxygen absorbed from KMnQ, in 4 hours - - - - kt a ae 


Dissolved oxygen taken up in 24 hours - : - - 3 = — es 





Begendedsouds = =- ~~ - }- F - f- = _ aa 


a 











Number of samples analysed for the average = —. 


Contact Beds Treating Septic Liquor— 


Number of times beds were filled during month - 81. 


Amount of liquid treated per cube yard per 24 




















hours - - 121 gallons (1st contact) ; 166 gallons (2nd contact). 
Average Analysis of Effluent. 
— | Best. fe Worst. | Average. 
Ammoniacal nitrogen - ar : - - : - 18 "59. "42 
Albuminoid nitrogen” - - - - - . - - ‘03 ‘10 ‘O07 
Nitric nitrogen : - . - = "3 - - - 2°06 123} 151 
Oxygen absorbed from KMnO,in4hours  -~ - eh tebe “AQ 1:52 1°01 


Dissolved oxygen taken up in 24 hours - - - : —_ — -. 





Suspended solids. - - - : : # 3 és : rie ae Me. 





Number of samples analysed for the average = 6. 
Contact Beds Treating Settled Sewage— 


Number of times beds were filled during month a Se eb ee Piel he 


Amount of liquid treated per cube yard per 24hours- - - - -  -  - 117 gallons. 


Average Analysis of Hffluent. 


a ae ae | Worst. | Average. 











Ammoniaeal nitrogen’ - - - : = : : é 12 *88 ‘4 
Albuminoid nitrogen -~— - Ve) Cee Cee ae een 02 14 07 
Nitric nitrogen - - - . : y - = 3 1°64 76 13 
Oxygen absorbed from KMnQ, in 4 hours ee - : 28 141 63 
Dissolved oxygen taken up in 24 hours - - : : ore aa sy. 








Suspended solids - - - - - i . os = is 








Number of samples analysed for th = 
A ey Pp y. or the average = 6. cans 
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SUSPENDED SOLIDS— 


Date. 


1901. 


October 22 
os 23 
i; 30 
ms 31 


November 20 - 


1902. 


January 2 
5 3 
39 14 
“fs 1 
= 22 
29 
a. 30 
Kelruary 6 
9 7 

5 i fe 

i 13 
26 
3 27 





Sewage. 


58°21 
68°21 
56°43 
48°29 
44°29 


25°71 
60°00 
25°86 
26°29 
28°57 
33°57 
21°43 


APPENDIX : 


SHEFFIELD—continued. 


Results in Parts per 100,000. _ 


Date. 
































1901. 
August 26 - 


September 12 


October 22 


3p 5 
-- 11 
7 12 
Af 18 
56 20 
1902. 
January 2 - 
” oa 
rg 14 
3 15 
o Aye 
46 23 
h 29 
. 30 
February 6- 
” = 
0 12 - 
"0 IBIS: 
5 26 - 
3 27 - 





Settled 
Sewage. 


8°71 
(6 samples). 


4°94 
(5 samples). 


20°29 
14:29 
16°79 
11°43 
3:57 
4°00 
7°86 
4°71 
6°43 
5°00 
3°43 


EXPERIMENTS ON SEDIMENTATION OF RAW SEWAGE WITHOUT CHEMICALS. 


Date. 
1901. 
October 22 
” 23 - 
” 30 - 
” 31 


November 20 
,. 23 
* 28 
29 


” 


December 4 


a 5 
. 1] 
7 12 
ne 18 
“3 20 
1902. 
January 2 - 
” 324 
7 14 - 
Bs 15 - 
a 22 
As 23 - 
an 29° 
& 30 - 
February 6- 
” (ee 








Ist re ee 
Effluent. 


3°57 
5°00 
714 
729 
1:90 
2-86 
4°29 
2°86 
1°86 
561 
0:94 
0°86 
2°86 
3°33 


2-19 
1°61 
0°94 
0°47 
0°96 
4°77 
3°86 
9°23 
6°66 
571 
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SHEFFIELD— continued. 
EXPERIMENTS ON SEDIMENTATION OF RAw SEWAGE WITHOUT CHEMICALS—continued. 


SUSPENDED SOLIDS— 
vesults im Parts per 100,000. 























Date. Sewage. Date. baie Date. HA he 
1902. | 1902. | 1902. | 
April.17 ee, | 38°57 ori baw Yo” CS: 4:00 Apriil? + 3 aa 
Mevie es | 69-00 May 14 we Een 3°71 May 14 Yet an 4:00 
Ss See iy, 15° iC | 11-14 Pas: . ee oa 3°37 
i rn 58-29 ES 6 ee | 3°43 Se a eee 1:90 
June 4 - - - 46°29 June 4 - : - | 6°57 Jure 4 - : - | 0°86 
rer are. aut). 35-71 Lets POSS cmon) 2) vent Men Smee CD 
Piece gi. |.44-99 eel a get 9-29 Seay teat, = 
ee =) | 198-57 py Ce ea 8°57 Saal Te 6-00 
SSS) ee 41°36 Bolt: 13°57 aT: | is 
<<) 2S eo 37 86 ae 17°43 wal: | 3°9 
July 2 - - : * 41°43 July 2 - - - 3°57 July - : “4 1°33 
i 38°57 ah a oe 5°71 a a ees 3°80 
August 13 - : 42°14 August 13 - . - 23°14 August 13° - - a 5°51 
ee 57:21 <7 eee 10°71 pot Co Me eee 619 
te Oe eG Ok 74:43 ee Wa vera ew, rr 2°57 
Ge re OU | <> 39-00 ee eee eee 9-14 ot ee 2°86 
ema, fe a 88°71 a heme ges 19°86 cea, 5-71 
Ae pos oe ea | 23°50 pe ree 13°57 Posen 21) “sie! | 1:90 
October 9 - - - 48°29 October 9 - - - 12°86 October 9 - - ci | 4-77 
eh ae 52:00 a, a oe 16-00 Lat 35 Gee > 5-90 
Average - - - 50°23 Average - - | 10°76 Average - : 3°59 
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SUSPENDED SOLIDS— 





Crude 


APPENDIX >” 


SHEFFIELD—conr tinued. 


SEPTIC TANK EXPERIMENTS. 


ftesults in Parts per 100,0v0. 


Septic Tank 








{Fine Clinker 
| } fluent. 





Date. Sewace. Date. Effluent. Dates 
1900. 1900. 
June 10 - 77:00 July 31 - 9:00 
Hest ee 123-00 August 1 14:00 | 
oe Ah) 65-00 ie Bi Se 11-90° 
, 12N 23°50 - 18 10°50 
. OD 68-93: eas 13°50 
Gow 36°50 3 15°49 
1901. 
a ko & 27:00 January 10 - 16°30 
ee 28°50 Fy 13 12-00 
i. te 77:00 a: 14 - 10°20 
MeOGD* ate: 32°50 US te 5°60 
» fou 26°00 53 17 - 21:00 1901. 
ap eas! 12°24 a 22 - 11°20 January 24 - 
1901. x 23. - 5 20 > | ons 
January 28 17°23 ss) ) eee 
ee os 25°84 eee 
February 4 - 30°67 37 0 
” oF 36°37 
6D 82°14 
. ON 17°86 
4 10 - 19°07 
» 12 - 19°86 February 12 13°50 
rf 13 - 40°43 os 13 - 10°03 
” 20 47°50 ae 14 - 7°49 
r 21D 97°36 . 20 - 20°57 
ee OG 67:93 re Ml) 15°14 
f 24 35°71 a 24 - 19-64 
" 28 47°86 “A 28 - 20°07 
March 4 45°29 March 4 21:07 
9 7 70°00 5 ee 19°57 
3 AZ 35°14 ee 25°86 
Pe id 39 86 eg Bao 19°36 
aoe 43°57 sy 36°64 | 
op 19 24°79 ke 21-36 
eee 39°86 aah oan 19°36 | March 13 
oT 43°57 Pde 36°64 ie Vii me 
iim |) 24-79 ee) 21°36 ae ky 
May 7 50°00 May 7 17:00 May 7 
8 50°21 epee: 16°57 » 8 

















3°80 
1°33 
0°90 
3°33 
1°94 


2°81 


0°53 
1:86 
1°43 
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SHEFFIELD —continued, 
Septic TANK EXPERIMENTS-——continued. 


SUSPENDED SOLIDS— 
Results in Parts per 100.000. 
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Date, ee res Date. paren Date, Eflnent. 
1901. 1901. 1901, 

May 15 owas 53°36 May 15 POEs tke bi 24°00 May 15 “ 1°66 
24, aid , > 64°57 eh f 28°50 1G : 1:57 
oe. 55°77 ior oi : 26-29 Oh ee 0-19 
ay Nee ° . - 74°71 ; Ayers : 26°21 a as 2°76 
pa, F939 Loat 17°21 ce CS en a 26-93 ee — 
7. 28 - f — pe way - 24°71 Sates 1-19 
: 30 > - - 58°71 ens 19) - - 18-36 OU 2°04 

June 5- . - 82°43 June 5 - : - 11:07. -| June 5 0-09 
Fi | eae 12°57 ie Gs ghee oh 9-93 ORT: 0°47 
Hath geet Saeli eat Lib 2 47°93 PoNeiQUeWes SF) us 11:29 e Fi10 2-19 
BAY ott 34.43. 62-21 a ere ee 22-29 Sat ee 3°61 
or ih ae ar alia 43°79 Se lG gs om tee 25-00 ph > Sa erase 5-09 
eerie Me 64-00 Aik «tae Oe 23-71 Seba ae 2-14 
oa etm Baniatis 2k. 42-29 WY O44 Beis | 7:29 1 OA 0-23 
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SEVENTY-SEVENTH DAY. 


MINUTES OF EVIDENCE ; 





Tuesday, 16th 


May, 1905 


PRESENT, 


The Right Hon. the Ear oF IppEsLEIan (Chairman), presiding. 


Major-Genera] ConsTANTINE Putpps Carey, C.B., R.E. 
Colonel T. W. Harpine, J.P. 
Sir WILLIAM Ramsay, K.C.B., F.B.S. 


a 


Mr. W. H. Power, C.B., F.R.S. 
Mr. T. J. Starrorp, F.R.C.S.1. 


Mr. F. J. Wixxts (Secretary). 


ALSO PRESENT. 


Dr. A. C. Houston. | 


Dr. George McGowan. 


Mr. H. Mactean Witson, Chief Inspector of the West Riding Rivers Board, called ; 


23915. (Chairman.) You have handed in a statement 
on dam sludging, and a short note oa the question of 
standards illustrated by analyses of samples of polluted 
river waters in the West Riding of Yorkshire, and I 
propose that these should be printed in the Minutes ?— 
Yes. 


Statement BY Mr. H. MacteAn WILSON WITH REGARD 
to Dam SLUDGING. 4 


‘There are in connection with streams in the West Riding 
some 1,569 dams and reservoirs, of which 510 are actually 
upon streams and $13 are fed from streams by sluices or 
goits, so that the question of cleansing them is an ex- 
ceedingly important one. 

Even on the clean streams the dams collect large 
amounts of solid matter which is carried into them from 
the streams in times of flood, and in the waters of the 
more polluted streams there are always large amounts of 
suspended matters which settle in the dams supplied by 
the stream water. 

In addition to these dams there are on many of the 
smailer streams in the manufacturing neighbouchoods 
numbers of weirs for the purpose of deepening the streams 
so as to give facilities for drawing the water for steam 
purposes. Behind these weirs also large quantities of 
solid matter gather. 

The cleansing of these dams and water-lodges is done in 
three different ways. 

First, when a weir or dam is on one of the dirty streams 
where there gathers during the week a large amount of 
filthy solids, it is the practice to lift the sluices ponding 
up the water every Saturday afternoon, so as to allow 
the accumulated water to scour out as much as possible 
of this sludge. The sluice is then closed and the cleaner 
water coming down the stream from Saturday evening to 
Monday morning is colleeted, so that the week’s work 
may be begun with a supply as clean as possible. This is 
the process of cleansing by flushing. It perhaps cannot 
reasonably be objected to, under proper conditions, but 
should be under strict regulation. 

As at present it produces very gross “pollution, for 
instance, on the Batley Beck the average flow for six 
days in a week was found to be a! the rate of 1,850,000 
gallons per day, bus on Saturday at midday, when the 
sluices on the stream were raised, the flow increased to the 
rate of 25,000,000 gallons per day, and the analysis of the 
water taken at the time of the increased flow show solids 
in suspension varying from ]52 to 451 parts per 100,000, 

aid the oxygen absorbed figure from 52 to 80 parts per - 
100, 0c. 

This is an extreme instance, for the Batley Beck is a 
greatly polluted stream only six miles in length, and 
having its flow checked by 75 weirs and sluices. 

The second method takes several days to carry out, 
during which the dam cannot Ve used, and therefore it is 
often done at the Easter or Whitsuntide holidays or at 
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the time of the loca] Feast. when the mills are stopped for 
two or three days. The photographs handed in illustrate 
the process. The sluices of the dam both inlet and outlet 
are opened, and as much as possible of the water of the 
stream which feeds it is turned throuvh the dam. A 
number of men enter the dam, and with spades and rakes 
and barrows they push and carry the sludge into the 
current of water, by which it is washed out of the dam 
and into the stream. By means of planks and channels 
cut in the sludge the current of water is directed in turn 
to all parts of the dam until the accumulated sludge is 
washed out. This dam s ludging should be absolutely - 
prohibited, as was intended in the West Riding of York - 
shire Rivers Act of 1894. 

The prohibition of the practice was expressly sought, 
and after strenuous opposition granted by Parlament, 
but the courts have upset it in two West Riding cases. 

The quantities of sludge discharged into the rivers by 
In one case it was estimated 
that there were 3,400 tons, and the effect upon the stream 
waters is very marked, as will be seen from the analyses of 
the waters discharged while siudging was proceeding. 
The sludge is deposited in all the still pools of the river 
below the dam, sometimes for a distance of several! miles, 
or if a dam lower down the stream has an open shuttle, 
the sludge is there deposited. While the sludging is going 
on the water of the stream is rendered absolutely unfit for 
any purpose on account of the suspended matter, often ofa 
grossly polluting character, which it carries. 

The third method of cleansing dams and water-lodges 
is by running off the water so as to get the sludge as dry 
ag possible, and setting men to wheel the sludge ou‘ in 
barrows or carts and to tip it outside the dam, and this 
is on the :vhole the general practice throughout the West 
Riding. Tho cost of doing this varies, am told, with the 
depth of the dam and the availability of a place for tipping 
the sludge, from tenpence to half-a-crown per cube yard. 
The photographs show this method in operation. 

Dam sludging by discharging the sludge into the streams 
is commonest in the West Riding on the River Don, and 
is generally practised there since the decision of the High 
Court in a case taken against a Don-mill owner. Bitter 
complaints are made against the practice by manufac- 
turers who themselves have no dams, but draw their water 
for steam purposes directly from the river, as it renders 
the water unfit for their use while the sludging is going on. 

On the Aire and Calder the dams are generally cleaned 
out by barrowing, as the sludging method spoils the 
water for all scouring and dyeing as well as for steam 
purposes, and the dam sludger runs a great risk of an 
action for damages for spoiling the goods of a manufacturer 
below him on the stream. 

On the remaining streams the sludging of dams to the 
streams is not often done, probably because the efiect 
is so immediately apparent. One result is that when fish 
are present they are killed in large numbers. 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 


There is, I am told, a method of cleansing dams by 
means ofengine power. Two engines such as are used for 
steam ploughing are placed one on either side of a dam,and 
a large scoop or excavator is run backwards and forwards 
between them, hauling out the sludge on to the bank. - 


It has also been suggested that it would be very easy 
to arrange an elevator upon a raft floating in the dam by 
means of which the sludge could be raised and discharged 
to any desired point, a process which is frequently used in 
connection with shore reclamation at the sea side. 


Measures can be adopted for preventing the bulk of the 
sludge from reaching the dams. In some cases at the inlet 
to the dam, a wall reaching nearly to the surface of the 
water but just underneath it is built across the dam 
so as to form a subsidiary pool in which the solid matters 
carried in from the stream can settle. If thisis cleaned at 
frequent intervals it prevents to a great extent the solids 
from reaching the main part of the dam, which therefore 
needs cleaning at very much longer intervals. This is a 
practice frequently adopted in connection with public 
water supply reservoirs. and in connection with canals. 


The method by which the stream water is conducted 
to a dam through a sluice or goit effects greatly the 
amount of solid matter which settles. 


Ji the sluice or goit is directed up the stream so that 
it receives the full effect of the current in times of flood, 
then very large quantities of suspended matter pass 
into it. If on the other hand the opening is directed 
at right-angles to the current of the stream or down 
stream, the dam is not silted up nearly so quickly. 


In places where sluices are placed across streams for 
the purpose of making a water lodge from which water 
ean be drawn directly, they can without detriment to the 
users of the water be abolished, and the manufacturers 
ean obtain a supply from a well placed alongside the 
stream and connected with it. 


There are other processes closely related to dam sludg- 
ing which increase the pollution of the streams. Banks 
of solid matter accumulate in the channels of streams 
above a weir or at the entrance to a goit, or at the intake 
where water is drawn for manufacturing purposes, and 
it is the common practice when removing these deposits 
to throw them back into the deeper parts of the channel. 
Complaints are sometimes received that by doing this 
the water is rendered muddy, and the deposits are passed 
on to the detriment of someone lower down the stream. 


Many of the Yorkshire streams are used for navigation, 
which is carried on partly in the river channel and partly 
in cuts or canals from one stretch of the river to another. 
On the river below the intake of each of these cuts 
there is necessarily a weir, and it is not an uncommon 
practice for the navigation authorities to dredge out 
the solids from that part of the river bed which is navigable 
or even from the artificial cuts and to deposit them im- 
mediately above or over one of these weirs so that they 
are carried down the river into the part which is not 
used for navigation. 
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Nore sy Mr. H. Mactzan Witson ON THE QUESTION 
OF STANDARDS FOR DIFFERENT STREAMS. 

On the general question of fixed standards I think 
I have nothing to add to what I have already said to 
the Commission. 

With regard to the suggestion that a Rivers Board 
should have powers to fix standards (subject to con- 
firmation) for different parts of their districts, I think 
it would lead to grave disputes, and it would be better 
if standards are to be fixed, that they should be fixed 
by a central authority. 

In the West Riding I do not think it is possible to 
apply different standards to the different streams. At 
present, no doubt, the condition of the streams varies 
greatly when one stream is compared with another or 
one part with another part of the same stream, but this 
ought to be remedied and all the streams ought to be 
rendered free from nuisance and fit for any ordinary pur- 
pose except that of domestic water supply. As a matter 
of fact there is, I believc, only one water supply drawn 
from a stream in the West Riding, except in the cases of 
upland gathering grounds at the heads of the valleys. 

I present tables of analyses of.samples of the polluted 
rivers in the Riding, which have been taken quarterly over 
the last six years. The points at which samples have 
been taken are marked with an X on the accompanying 
plan. The worst of those samples are from the River 
Aire, which has been tested at four points—Stocksbridge, 
Saltaire, Apperley Bridge. and Methley. (See map.) 

Above Stocksbridge there are only two Urban Dis- 
tricts, Skipton and Silsden. Between Stocksbridge 
and Saltaire there are six Urban Districts, including the 
Non-County Borough of Keighley. Between Saltaire 
and Apperley Bridge there are six Urban Districts, 
including the County Borough of Bradford, and between 
Apperley Bridge and Methley there are ten Urban Dis- 
tricts, including the County Borough of Leeds and the 
Non-County Boroughs of Pudsey and Morley. 

It will be seen that in spite of some pollution from 
Skipton, Keighley, and Bingley (which is at present 
being dealt with) the river down as far as Saltaire is in 
very fair condition. It is in fact full of trout and coarse 
fish. Between Saltaire and Apperley Bridge it receives 
comparatively little polluting matter, except the half 
purified sewage of Bradford and the trade refuse from 
some of the manufactories in the neighbourhood. 

Between Apperley Bridge and Methley little more 
pollution is added to it except the partially purified 
sewage of Leeds and Morley, the other districts being 
fairly well provided with purification works, which deal 
with trade refuse as well as domestic sewage. As a 
matter of fact, if the sewage and trade refuse of Bradford 
and Leeds were efficiently purified, and works that are 
now in hand in the other Districts were completed, there 
seems to be no reason why the condition of the river 
below Saltaire should not be quite as good as that above. 

It would manifestly therefore be unfair, on account of the 
present condition of the river above and below Saltaire, to 
establish different standards for these respective portions. 

The same argument applies to the other polluted rivers 
in the Riding. 
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23916. In your statement on dam sludging, you say 
that since the decision in the High Court there have been 
bitter complaints by manufacturers. I presume that 
since that case there have been no more appeals to the 
courts of law ?—We have had two appeals, one in 1899, 
I believe it was, and one last year ; we have not taken 
any case since then. 


23917. And whatwastheresult of those cases ?—They 
were both dismissed in the High Court. 


23918. Do you consider that the law ought to be altered 
_ 80 as to give power to deal with the evils of sludging mill 
dams, and if so, what alteration of the law do you recom- 
mend ?—Mostcertainlythe law ought to bealtered ; it was 
fully intended in the 1894 River Boards Act that dam 
sludging should be stopped altogether; that is very 
evident from the proceedings which took place before 
the Parliamentary Committee; and it is only by this 
ruling of the court—which is evidently, from those pro- 
ceedings, not in accordance with the intention of the 
Act—that we have been prevented stopping dam 
sludging. 

23919. (Mr. Power.) Do you say stopped altogether ; 
was there no alternative or was there an alternative 
prescribed by the Rivers Board ?—It was stopped alto- 
gether ; there is no necessity for dam sludging and the 
flushing out of mud asit accumulatesin thedams ; they can 
remove it by other means. 


23920. By other means ?—Oh, yes. 


23921. Other than the practice of pushing the sludge 
into the stream, leaving the stream to carry it away ?— 
That should be prohibited. 


23922. (Colonel Harding.) Of course, your view, Dr. 
Wilson, is that where the manufacturer dams a 
stream for his own benefit he incurs the responsibility 
of any damage that he may cause thereby ?—Yes. 


23923. But were you able in the cases yourefer to, to 
prove that there was actual damage in the case of an 
unpolluted stream ?—We did not prove that there was 
any pecuniary damage but we proved the bad effect upon 
the stream, that is, the deposit of sludge in the bed of 
the stream and the utter spoiling of the water while 
the sludging was going on. 


239¥4. And that would last how long, a day or two ?— 
Yes, a large dam always takes a few days in being 
cleaned out in that way. 


23925. And the evil was almost wholly due to the 
exceptional quantity of suspended matter coming down in 
the stream ?—Yes, of which you have analyses in the 
table. 


23926. In the table you have handed over to us ?— 
In Table XXIII. there is an analysis of waters of the 
streams while sludging was proceeding. 


23927. Yes, I notice the amount of albuminoid am- 
monia rose to from ‘008 to 1:0 ?—Yes, that was in one 
of the cases that we took. 


23928. Can you tell us how that case was lost; was 
it due to the failure to prove pollution ; or was it due 
to the saving clause which apparently permits a manu- 
facturer to let off from his dam natural deposit which 
was brought to him by the stream ?—Well, as far as I 
understood the judgment it was on the ground that, 
although it was admitted that some hundreds of tons 
of sludge were flushed out of the dam into the stream, 
it was so diluted with water before it reached the stream 
that it was not sludge, and therefore the defendant was 
found not guilty of putting sludge into the stream. It is 
a very legal argument, but that was what I understood the 
judgment to be, that he flushed out the sludge, so diluted 
with water that it was no longer sludge when it reached 
the stream. 


23929. But you brought evidence to show the enormous 
increase of suspended matter at the time, did younot ?— 
Yes, these analyses were before the court. 


23930. The powers of the Mersey and Irwell Standing 
Joint Committee are greater than yours, are they notin 
reference to that ?—I think not. 

23931. Mr. Tatton gave evidence before us and said 
that their Act was somewhat stronger and that they had 
been able in effect to stop dam sludging ?—I believe it is 
because their cases have not been appealed against. 
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23932. But their Act is somewhat stronger than the 
Rivers Pollution Act of 1876, is it not ?—And our Act 
was supposed to be stronger than the Rivers Pollution 
Act of 1876, but it has not proved so. 


23933. How are you able to account for their success 
and the failure of the West Riding Board in these prosecu- 
tions ?—I believe it is because the cases have not been 
fought as our cases have been fought. 


23934. Of course, the case of a polluted stream is 
very different ; the sludging of dams on a polluted stream 
is a very much more serious evil than the sludging of dams 
into an unpolluted stream ?—It may or it may not be ; it 
depends on the use of the water by the riparian owners 
below. Even with an unpolluted stream the actual 
pollution caused by the sludging of the dams is very ser ous. 
If a manufacturer below is using the water for any particu- 
lar purpose the result of the damage may be quite as 
greatif not greater, because he may need to use perfectly 
clean water; but while the dam sludging is going on 
it is unusable for any of his purposes. 


23935. As a fact you have had repeatedly on your 
Board serious complaints of the evils of dam sludging, 
have you not ?—Oh, yes, repeated complaints. 


23936. And bitter complaints ?—And bitter complaints. 


23937. The mere flushing of dams you do not 
appear to lay much stress upon; you think if it were 
done under certain regulations as to the time when the 
flushing should take place, that is not so serious a matter ? 
—I think that might be looked upon as a legitimate 
thing. 

23938. In regard to the sludging you express a strong 
opinion that the sludging of mill dams by stirring up 
the sludge in the dam and letting it go into the stream 
ought not to be permitted at all ?—It should be 
prohibited. 


23939. What is the alternative if that is to be pro- 
hibited. The alternative apparently is to draw off the 
water and then barrow out the sludge and deposit it on 
the lands somewhere in the neighbourhood ?—Yes. 


23940. The question turns upon the financial prac- 
ticability of doing that ?—I think, if I may say so, that 
on the whole that is the more common practice in the 
West Riding. 


23941. I was coming to that. You have found in 
practice that in your district, that is in the West Riding, 
that is the general practice ?—Yes. 


23942. And therefore you have no hesitation in ex- 
pressing the opinion that it is quite practicable financially 
+9 do it ?—Certainly. 


23943. Seeing that it is done by a large number of 
manufacturers ?—Yes. 


23044. And all you want is to have the law so modified 
as to compel those who do not do it to carry out the 
same process as is already carried out by many manu- 
facturers ?—Yes. 


23945. But there are exceptional cases, are there not, 
where it would be very costly to carry out the removal 
of the sludge by barrowing or carting ?—There are 
certainly. In some cases where the dams are in narrow 
valleys and on the streams as a great many of our dams 
are it would be costly. 


23946. Is it practicable at all in many [cases ?--I 
do not know anywhere where it would not be practicable, 
but the difficulties add to the cost. 


23947. It would be much more expensive ?—Yes, 
the difficulty of the situation often adds greatly to the 
cost. But I may give you the most extreme instance 
we have had. In the town of Bradford there is a very 
large dam ;* and the manufacturer was prosecuted some 
ten years or more ago for sludging this cam down the 
stream. It caused a great nuisance, because in that 
case he happened to discharge his own trade refuse into 
the dam and the sludge was most offensive and putrid. 
He has cleaned it out since then by barrowing, and I 
must say at very great expense, very great expense 
because it is in the middle of the town; he had to put 
the sludge into trucks and carry it away; but that is 
the most extreme case I know. 


23948. And in that case it was done ?—It was done. 
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23949. In that case you had ample powers because 
he was turning his own trade pollution into the dam ?— 
Yes. 

23950. That gave you an exceptional condition which 
permitted you to bring pressure upon him ?—It was 
obviously not sludge which had been wholly brought to 
him by the current of the stream. That is one of the 
exemptions under our Act. 


23951. The whole matter turns upon the financial 
practicability of removing this sludge. You say without 
hesitation that in a-great many cases in the West Riding 
that has actually been done, and has been done for some 
years by manufacturers, and all that you want is that it 
should be done by all ?—Thatis so. If you willallow me 1 
will put in some photograpbs, which will show very clearly, 
1 think, the two ways of doing it. This is the case of the 
Wortley Rural District _(¢ndicating photog: aph). We 
have a photograph of the men actually engaged pushing 
the sludge with spades into the current of the water 
turned through the dam. As 1 have described, the 
stream is turned wholly through the dam and the men 
push the sludge in with spades and shovels or barrow it 
in a8 in this casé. And that-is the point of discharge. 
(Photographs handed in.) 

23952. The photographs are interesting, but I think 
we quite appreciate’ the way in which the work 
is being carried out ?—That is the other way of doing 
it, by barrowing it out.. (Photograph handed. in.) . 


23953. Now, in your evidence you say, “ That the pro- 
hibition of the practice was expressly sought, and after 
strenuous opposition granted by Parliament, but the 
courts have upset that in the two West Riding cases.” 
What is your authority for that statement ?—That it was 
granted by Parliament ? 


23954. Yes, and that the matter was strenuously fought 
out and opposed before Parliament ?—That is very evi- 
dent from the report of the Parliamentary proceedings 
and the discussions upon the Bill before the Parliamentary 
Committees. There was a strong opposition on the part 
of the manufacturers to this attempt. to prevent the 
sludging of mill dams, but they were defeated ; and as is 
very apparent from the Parliamentary proceedings it was 
obviously intended by Parliament to s:op the practice 
altogether. 


23955. Then what was the clause inserted. which leads 
you to think that that was the intention of Parliament ? 
—It is definitely stated in the Act that the sludge from 
mill dams is not to be put into the streams. Have you 
a copy of the Act? 


23956. On the other hand there is a saving clause, 
is there not ?—There is a saving clause to the effect, speak- 
ing from memory, that any deposit-which has been brought 
by the natural current of the stream may be put back if 
it causes neither pollution nor obstruction. But I think 
it is very evident from the Parliamentary proceedings that 
that saving clause was not meant to affect the question of 
dim sludging atall. It was meant to deal with the 
d2posit of sand or gravel or similar material b-ought down 
by a flood and deposited on the land. It was contended 
th tit isthe usual practice to clear a field of sand or gravel 
that has been deposited by a flood and put it back into 
the bed of the stream. 


23957. Anyway the Act in its present form is not 
sufficiently strong to enable you to prevent what you 
consider to be a serious nuisance ?—I think not. 


23958. And you think it ought to be modified accord- 
ingly ?—Yes. 

23959. I wish to ask—probably you will not approve 
of the suggestion, but I will make it in order to get your 
view upon it—whether since local authorities are interested 
in the purification of the streams, the deposition of 
matters in’ miil dams of a polluted stream could not ke 
made useful if the sediment was removed on to lands ; ifso, 
could not the local authority be properly called upon to 
contribute towards the cost of removing the deposited 
matter from dams in pol'uted streams ?—I think not, sir, 
for these reasons. 'The Commission is fully aware of the 
immense difficulty of getting rid of the sludge from sewage 
works, which certainly chile be a richer sludge in nitro- 
genous matters than the sludge in mill dams or in streams ; 
and the deposit in‘hese mill dz ms or streams being almost 
wholly due to the action of the manufacturer or the owner 
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of the mill dam, it seems to me, if I may say so, 
unreasonable to call upon the sanitary authority to help 
pay for the removal of that sludge. 


23960. It was suggested tous that the manufacturer is. 
really carrying out what would be a harmless process if 
the stream were not polluted, and that the manufacturer 
is not responsible for the pollutions ; therefore, it occurs 
to one to suggest that it might be to the interest of the 
local authorities to look upon the settlement of mill dams 
as a sort of sewage disposal process, a useful process 7— 
I do rot think so ; ‘it does not seem reasonable to me to 


call upon the sanitary authority to pay for that, 


23961. (Sir William Ramsay.) May I instance a similar 
case where something of that sort was done. The Clyde 


‘Trust had to dredge the Clyde and they asked leave of 


Lord Glasgow to be allowed to tip their rubbish dredges 
on his land; he refused. They then took it down in 
barges, and emptied it into the estuary of the Clyde. At 
a later datehe wi'hdrew his refusal, but he charged them, 
I think, a farthing a load for allowing them to put it on 
his land. The result is that he gained enormously by 
it;—not merely in making the farthing a load, but in 


‘having an enormous amount of land which was qui e 


useless reclaimed. “You may look upon ‘Lord Glasgow 
as the sanitary authority and the Clyde Trustees as the 
people who have refuse for disposal. In some cases ‘it 
would be to the advantage of the sanitary authority to 
have land made ?—Very rarely so, because the ‘sanitary 
authorities very seldom p:ssess any land. on which to 
deposit it... They have great difficul’y in finding a plgpont* 
for their own refuse as a rule. 


23962. (Colonel Harding.) The only thing is that yor 
get.as an incident.in connection with. these mill dams a 
deposit of matter, the removal of which from the 
streams is exceedingly desirable in the general interest ? 
—Yes, that is so. 


23963. And the manufacturer aie impounds. the 
stream claims that he is not personally responsible for 


_the polluted condition of the stream; and, therefore, it 


would seem at first sight as if it were in the genoral in- 
terest that this matter should be removed from the 
stream, and if so, that the whole cost should not fall upon 
the manufacturer. I take it that your view is that it is 
not practicable ?—I have not considered that closely. I 
think that in certain cases especially it would be 
greatly to the general advantage if the sanitary:authority 
itself cleaned out, and in many cases channelled the 
streams, as has been:done in some of the smaller streams 
in Leeds, charging the cost either partially or wholly upon 
the inhabitants generally or upon the manufacturers who 
benefit in particular. That would amount in somo 
degree to what you are suggesting.. I have in view now 
some of the streams in Leeds and the other big towns, 
more especially the Batley Beck. 


23964. Then I understand that you think the point is 
any way worth considering ?—Yes, in connection with 
some of these very foul streams in the close and thickly 
inhabited districts, 


23965. (Mr. Power.) Do you think the charge should 
be a special one on the riparian proprietors of land on the 
stream, or only upon. those of them who are manufac- 
turers and get rid of their refuse in the stream ?—I believe 
that at present the sanitary authority can call upon the 
riparian owners in the case of a polluted stream which is in 
such a state as to cause a nuisance. They can call upon 
the riparian owners to clean that out, and if the riparian 
owners do not do it I believe that the sanitary authority 
can do it and charge them with the cost. 


23966. It is the extension.of that principle that you 
are thinking of ?—Yes, but in such places as I am 
mentioning now it would be to the advantage of the 
district as a whole. 


23967. You think that it might come partly upon the 
ratepayers and partly upon the riparian owners and 
partly on the manufacturers whose special pollution 
brought it about ?—Yes. 

23968. It would be on a different scale in each of those 
instances ?—Yes. 

23969. (Mr. Stafford.) You have given us the opinions 
of the Rivers Board ; but could you give us the point’of 
view of the owners in this question—the owners. who are 
resisting, the mill owners ?—I can, of course, giveyou the 
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views that they put forward in Court and before the 
Parliamentary Committee. 


23970. Yes ?—That it is solely a question of cost. 


23971. But you do not seem to think that the cost is 
prohibitive ?—No. 


23972. Do they consider it prohibitive ?—They say so. 


23973. In other words it would ruin their business ?— 
They sy so. 


23974. That is a very serious question ?—That is a very 
serious question, but’ I think we very plainly showed 
before the Parliamentary Committee—and it is very 
evident I think from the fact that so many of the dam- 
Owners use the other method of cleansing their dams, that 
the cost of doing so is not prohibitive. 


23975. But you say also that it is perhaps in the easy 
cases that they cleanse their dams. You admit that 
there are a great many difficult cases in which the cost 
would be very large ; would it ruin these men, or practi- 
cally ruin them, or largely interfere with their trade in 
these difficult cases; because if it would it is a very 
serious question ?—I do not think so. I have given what 
I think is the most difficult case I know of in the West 
Riding where the dam actually has keen cleaned out by 
barrowing. 


23976. Was the cost what you might regard as pro- 
hibitive there ?—I think not, considering the magnitude 
of their business. 


23977. Bt they evidently impressed the Parliamentary 
Committee very sticngly that they had a strong case ?-— 
They did not convince the Parliament y Committee. 


23978. No ?—To be p:rectly fair, I should like to say 
that in the case of some of these smaller mills where they 
have large dams which require cleaning out, the cost may 
-be a very s2rious thing in comparison with the busines, 
because the value-of water power in the West Riding 
hys diminished enormously ; in all big mills, in the vast 
major.ty of mills, of course, they hve had recourse to 
steam or electric power, and the value of water power 
is of v_ry little moment comparatively; so that if you 
take a small business which hxppens to have a big wheel 
and a large dam, ths*cost may be a very serious thing in 
tht particular case. ’ 


23979. Now, whit would you propose to do in that case ; 
what would you propose to do in cases of that kind, where 
the cost was really going to interfere with the trade of the 
individual; perhaps to drive him from his business ?— 
Well, I have not come across such an extreme case as 
that; and one point upon which I am very strong is that 
the owner of the mi!l dam by adopting proper means, can, 
to a very great extent indeed, prevent his dam from getting 
silted up. It is due in the first instance chiefly to his own 
_ gross c-relessness that the silt gathers in his dam, although 
he must clean his dam sometimes. 


23980. It must silt up to a certain degree ?— Yes. 


23981. It must be in h’s dam sometimcs; it must silt 
up ?—But it would not be for a very long period if he 
adlop‘ed proper means for preventing it. 


23982. Proper means—would they mean much in the 
way of cost?—No. He should provide a catch pit 

_ before the water of the strcam reaches his dam and clean 
that out after storm times; that is done in many cases. 


23983. Would you admit that there are certain cases in 
which it would be a very serious handicap to certain mill- 
owners who are badly cireumstanced on the rivers, to make 
them clean out their dams in the way you suggest ?— 
There are a few cases, but they are of very small moment 
compared to the immense benefit which would accrue to 
the streams by stopping the practice. 


23984. What do you do in these exceptional cases ?— 
1am afraid the individual must suffer, as happens with all 
laws. The siffering to him would be very small indeed 
compared to the benefit that would follow to the others 
on the same stream. 


23985. So that you would not really think that it would | 


be a serious question to in'erfere with trede; that it 
would not be a s:rious trade question to drive these people 
out of the country ?—It does not amount to that at all. 
The interference would be very slight indeed and the 
number of cases very few. 
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23986. But there might be some means of compensating 
them ?—I have not thought that out; I do not know 
whether that could be done or not; it opens a very wide 
question if you are going to compensate every mill dam 
owner. 


23987. Not every mill dam owner; you acknowledge 
that the cases are exceptional ; but in the cases where you 
kill the trade or injure the trade of an individual, might 
there not be some means of compensating him ?— Well, 
the damage that he does by this practice is so great 
compa‘ed with the cost that he would be at in stopping 
the practice, and the cases of hardship are so few, that 
I do not think they are seriously worth considering in 
that way. 


. 23988. (Mr. Power.) In the particular instance that you 
mentioned, did the manufacturer bear the whole cost of 
those expensive sludgings ?— Yes. 

23989. And they were frequent sludgings, were they 
not? They do not bear any comparison to the small 
wheel you were speaking of with low water power and a 
large dam ?—No. 


23990. They would not be very freque=t sludgings 
then ?—No, not frequent. 


23991. Would it be once a year ?—This was done about 
ten years ago when proceedings were taken, and it has 
been done once since only some three or four years ago. 


23992. It had to be not only removed in barrows but put 
into carts and taken outside the town ?— Yes. 


23993. (Chairman.) Passing on to the question of 
standards, I am not quite certain whether I quite correctly 
understand the third paragraph of your note. Do I 
understand you to mean that all streams ought to be 
rendered free from any nuisance and fit for any possible 
purpose except that of domestic water supply, and that 
as. long as the streams get into that condition you are 
indifferent as to whether the sewage going into it requires 
simple or elaborate treatment ?— Yes, it amounts to that ; 
if we get the stream like that we would have no cause of 
complaint. 

23994. For instance, if the sewage is weak, and the 
stream is large, you would not require that sewage to be 
treated as carefully as a large amount of strong sewage 
going into a small] stream ?—I think I should not advise 
the Rivers Board to take proceedings in a case of that 
kind unless we could point to definite damage of the 
stream. 

23995. I mean obviously there would be a waste of 
money in requiring the same treatment to all sewage ?— 
Yes. 

23996, You quite agree with that ?—Yes, I agree with 
that. 

23997. (Colonel Harding.) On the other hand, you 
would not allow the pollited condition of a stream to 
become a reason for relaxing the standard ?—Not at all; 
that is what I have tried to state. Perhaps I have not 
stated it very clearly, but the standard must surely not 
be settled with regard to the present condition of the 
streams, because, as I have pointed out, we have, for 
instance, in the case of the river Aire a grossly polluted 
stream, Perhaps the most pollutedin the kingdom. But 
the number of pollutions are now comparatively few 
and there is no reason why it should not be a clean 
stream. 

23998. You do not see any prospect of improvement 
if the polluted condition of a stream is to be made apr 
excuse for a relaxed standard ?—Certainly not, that 
would stop all improvement. 

23999. On the other hand, you can conceive of cases 
where there is a stream practically unpolluted, of large 
volume but into which a relatively small pollution is 
poured, the efiect of which is scarcely appreciable. You 
can conceive of such a case as that ?—Yes. 


24000. In such a case you would not think it advisable 
to prosecute an authority, or to compel an authority to 
spead a large sum to remove such pollution, would you ?— 
I think that needs to be looked at in two ways. Of course, 
in the first instancé, all our streams in the West Riding 
were in that condition, and if the beginnings of pollutions 
are not stopped, then the streams which are now clean 
may get as bad as the more polluted ones; so it is 
necessary, I think, in the case of these clean streams, to 
prevent pollutions being poured into them. 
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24001. You think probably if that course had been 
followed in the first instance in connection with the unfor- 
tunate river Aire that it would never have reached the 
filthy state that itis in now ?—Thatis so. 


24002. But as you are aware, there are very numerous 
cases in the West Riding of clean streams which are of con- 
siderable volume, where the villages of some considerable 
size still pour their sewage untreated into the rivers, and 
the Rivers Board have not seen fit to take any action ? 
—Because the efiects are so slight. 


24003. While in theory you think it ought to be aimed 
at in every case to produce effluents which are not liable 
to putrefaction, a discretion must be left with the Rivers 
Board or the supervising authorities ?—With the law 
courts over them to decide. 


24004. You would not consider it the duty of 
your Board to take action in a case where the pollution 
turned into a stream did not have any appreciable evil 
effect ?—They have never yet done so. 


24005. But you see the great importance of watching 
the begianings of pollution to prevent the gradual deterio- 
ration of a stream ?—Yes, and if I may say so, I think one 
great good that the Rivers Board has effzcted has been 
in stopping the pollution of our clean streams, such as the 
Wharfe, in which practically all the pollution is 
stopped now, whereas the stream was going from bad 
to worse. If the pollution had been allowed to increase 
in the Wharfe valley as it has in the Aire and Calder 
valleys, then the Wharfe might in years to come have 
been as bad as the Aire and the Calder. 


24006. As a matter of administration you consider it 
extremely difficult for your Board to make any difference 
in the standard of purification required either in different 
parts of the stream or in diferent streams in your district, 
because of the natural jealousy which would arise between 
the local authorities if you did that ?—That isso. I think 
it is impracticable ; I have thought it over and over. 


24007. And in the interests of river purification you 
think it far better to deal substantially in same way with 
all cases, the object being to prevent the pollution of 
streams ?—Yes; you know, of course, my own view is 
that however desirable the standard might be for working 
the Rivers Pollution Prevention Acts, I do not see how it 
is practicable, and I think we must still fall back upon the 
use of the best reasonably available means. I should 
be glad for the sake of my own work to have a definite 
standard in all cases to work to ; it would render my worx 
easier, but I have never seen how it is practicable. 


24008. Anything in the way of a varying standard 
you think inadvisable ?—I think in the West Riding 
it is utterly impracticable. 


24009. You have put before the Commission a series 
of tables which appear to me to be of great interest ; they 
enable us to form an opinion as to the condition of your 
more important streams. Of those the River Aire seems 
by far the worst ?—I think the Calder runs it very close. 


24010. I was rather struck with the difference be- 
tween the Calder and the Aire; the Calder seems much 
better ?—The Aire is the worst. 


24011. Now, the tables throw a certain light upon the 
self-purification powers of rivers and streams. One is 
struck, for instance, to find at Saltaire you have certain 
pollutions from Keighley and other places which have 
sewage works in operation, I suppose ?—Yes. 


24012. Yet there are fish in the stream above the 
Bradford Beck ?—That is so. 


24013. And you go so far as to say there is trout ?— 
Yes, there is a fishing club which fishes down to Salt- 
aire. 


24014. But the flow from Bradford Beck, which 
is extremely foul, alters the whole character of the 
river ?—Yes. 


24015. Do you happen to know roughly what is the 
relative volume of the Bradford Beck to the stream of 
the Aire at the junction ?—I am sorry I have not that. 
I have made enquiries several times, but I have not got it. 


24016. You are unable to express even a general 
opinion—whether it would/be 1 to 4 or anything of 
that kind ?—It is more than that; it would be perhaps 
1 to 10. 


EVIDENCE ¢ 


24017. The Aire ordinary flow would be ten times the 
volume of the Bradford Beck ?—I should say so. 


24018. In your table as to the condition of the Brad- 
ford Beck I see that the solids in suspension are actually 
65 parts per 100,000 ?—Yes. a 


24019. And the albuminoid ammonia by the Wank- 
lyn test is +98, or substantially 1 part per 100,000 ?—The 
solids in suspension— 


24020. Are 65; I am taking the average at the bottom 
of the page 7—Yes. 


24021. The albuminoid ammonia is substantially 
part per 100,000 ?—Yes. 


24022. And the oxygen absorbed is 124 ?—Yes. 


24023. That is quite as bad, or indeed worse, than 
the average sewage, is it not ?—It is. 


24024. What is the effect of that upon the river Aire, 
if we take your analyses of the Aire at Apperley ?—Com- 
paring the one at Saltaire with the other at Apperley ? 


24025. You say that at Saltaire the condition is fair > 
it supports fish life ?—Yes. 


24026. But, after receiving the flow of the filthy Brad- 
ford Beck, we find at Apperley—which would be about 
four miles lower, I suppose, would it not ?—Yes. 


24027. The condition of the river, although very foul, 
does not seem to have been so seriously affected as one 
would expect by the flow of the Bradford Beck ?—Well, 
Idonotknow. Ifyoucompare the albuminoid ammonia. 


24028. Isee the solids in suspension are 13 and the albu- 
minoid ammonia to which you refer is *23 ?—Yes, as 
against *027. 

24029. You are comparing it with Saltaire are you 
not ?—Yes. 


24030. There is considerable pollution, evidently?— 
There is ten times the amount of albuminoid ammonia. 


24031. But if you compare that now with the analyses 
at Methley, you there see the condition of the river after 
that it has received in addition the whole sewage of 
Leeds ?—Yes. 


24032. And yet it is better than at Apperley ?—That 
puzzled me for a long time. 


24033. Can you explain it ?—I think I can. Ihave 
noticed that time and again, as you are aware. I believe 
it is because the river below Leeds is turned into the canal, 
and a very great deal of deposition of solids, at least, and 
of putrefaction takes place in the river, both in the 
original river bed, which is robbed of its flow, and also in 
the canal, and I think a great deal of purification takes 
place there in ordinary times, and that in flood times a 
vast amount of deposited sludge is washed down the 
stream. 


24034. But can this discharging part of the flow through 
the canal seriously affect it ; itis simply a divided stream ? 
Yes, but it is a stream with a very slow gradient, being 
in the canal; it is actually ponded up by locks and a 
great deal of deposition of sludge takes place. 


24035. The fact remains that those analyses show 
considerable powers of self-purification in the stream ?— 
I am not sure that they show that, there are a good 
many weirs on the stream—on the river Aire—behind 
which there is a great deposition of solids. So that you 
cannot altogether say that it is natural purification 
going on. It is a great deal due to the deposit of solid 
matters which lodge behind the weirs in dry weather 
and get washed down in floods. 


24036. I was going to ask you whether this undoubted 
self purification which takes place is not at the expense 
of the unfortunate people who dwell on the banks of the 
stream. The stream receives the deposits and nearly alli 
the suspended matter brought down to it, and in this par- 
ticular district it becomes a septic tank for the treatment 
of impurities sent down to it ?—That is exactly what 
happens. 


24037. A sort of automatic sewage treatment ?—Yes ; 
the stream above these weirs, both between Bradford and 
Leeds and below Leeds, is a bubbling festering mass. 


24038. So that we must consider the improvement 
in the river as having taken place at the expense of the 
populations dwelling on the banks ?—-Yes. 


’ ROYAL COMMISSION ON SEWAGE DISPOSAL. 


24039. The river having become really a septic tank ?— | 


Yes, it is more an apparent improvement than a real im- 
provement, because these solids are deposited in ordinary 
times to be flushed down in times of flood, and I have 
seen after a flood, as far down as the Gateforth Estate, the 
land adjoining the river covered with several inches 
of black fetid mud which has been washed out of the 
pools. 
24040. Out of the septic tank ?—Yes. 


24041. (Mr. Power.) Is there no dredging between the 
weirs in dry weather ?—No, not in the stream itself. 
Below Leeds, and between Leeds and Bradford, navigation 
goes on parallel with the river, in canal cuts, and not 
in the river bed itself, and there is no dredging of the 
river bed. 

24042. (Colonel Harding.) I know how busy your staff is 
in connection with analyses, butit would be of real interest 
if you were able in your data about the river Aire to 
introduce an additional analysis of the waters immediately 
before the river Aire receives the sewage of Leeds ?— 
I can do that. (See Table XXIV., now added.) 


24043. I think it would be exceedingly interesting, as 
you would then be able to judge exactly what was the 
effect of adding the sewage of Leeds ?—There is a com- 
plication there, if I may say so. There are a great 
many storm overflows within Leeds City, and in times 
of rainfall, at least, they would be discharging heavily. 


24044. No doubt. I note your observation about the 
condition of the Aire and the prospects of improvement. 
{t is very interesting to find that in your opinion the 
purification of the sewage of Bradford and Leeds would 
bring about an immediate improvement in the condition 
of the river ?—It would, I am certain of that. 


24045. And you think it quite possible by the effective 
treatment of the sewage of Bradford and Leeds to bring 
dhe river into the condition in which it is at Saltaire ?— 
Practically so. There is now remaining very little pol- 
lution of the river Aire, except that from Bradford and 
Leeds—below Saltaire. 


24046. Of course, there is a feeling of general hopeless- 
ness in the district, is there not, as to any improvement 
being brought about in the condition of the Aire ?—Yes, 
there is a feeling of distrust. 


24047. But you do not share it ?—No. 


24048. You foresee that when these two great corpora- 
tions have carried out their work there will most certainly 
bea striking improvement in the condition of the river ? 
There is no doubt about it. Most of the other pollutions 
have been fairly well dealt with, or are being dealt with 
at present. : 


24049. (Mr. Stafford.) Are the people living on the 
banks of this canal as healthy as those in the other parts 
of the town, do you know ?—I am afraid there is very 
little actual proof of any detriment to health. The 
Medical Officers both of Leeds and Castleford and the 
neighbourhoods on the Aire below Leeds have stated 
that in their opinion it was detrimental to health. 


24050. Have you made any comparisons between 
that particular part and other parts of Leeds ?7— 
Yes, at one time I assisted the Medical Officer of Health 
for Leeds in getting out statistics of deaths from diar- 
rhea, comparing the population within half a mile of the 
river with the rest of the population in the town ; and there 
‘was a very great incidence of fatal diarrhcea in the popu- 
Jation near the river. 


24051. Would this be due possibly to the fact that the 
houses along the river were less healthy, generally speak- 
ing ?—I was going to add that any conclusions were 
rather confused by the fact that naturally the popula- 
tion in the low-lying part of the town along the river bank 
was not of the same status as the population on the higher 
grounds, so that it is difficult to draw any very definite 
conclusion. 


24052. I am interested in this matter, because we have 
the same problem in Dublin—the people living on what 
is a septic tank—the Liffey 7?—Yes. 


24053. And there it is alleged that the river side is the 
healthiest part of the town ?—Oh! 

24054. (Colonel Harding.) Quite apart from the con- 
dition of this river bringing about actual disease, do you 
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not think it indirectly affects the people through the 
smells that it produces and the wretched appearance 
of the stream and the vegetation all round ?—I think 
it directly affects the health of the people, because it is 
impossible with any degree of comfort to keep a window 
open by the river there in the summer time. 


24055. Would you consider the immediate neighbour- 
hood of Kirkstall Bridge a desirable place to live in ?—I 
should require a very big salary to liveinit. ButI would 
go further and say that there are many houses on the Aire 
and on the Don that are empty—good houses— because 
of the smells from the stream. We have had complaints 
frequently from people living in large places on the latter 
stream, especially below Sheffield, where they say they 
cannot get servants to stay with them because of the 
smells; they are so often ill from the smells from 
the river. 


24056. It is notorious that there is a depreciation in 
the value of property near the banks of the river ?— 
No one would ever choose to live near one of these stink- 
ing rivers. 

24057. And the purification of the stream would be a 
general benefit in that respect ?—Yes. 


24058. (Mr. Stafford.) Do you think that living in the 
immediate neighbourhood of septic tanks is dangerous 
to health ?—Yes, anywhere within the radius of the 
smell would be deteriorating to health; I am confident 
of that. 


_ 24059. (Sir William Ramsay.) I should like to ask 
you a question or two on these analyses ?—I do not know 
whether they are of any use, but I have some charts here 
with the analyses put on in graphic form. 


24060. They are merely questions with regard to some 
of the figures. On Table III., ‘‘ Analyses of Water of River 
Aire at Apperley Bridge,” the results are very bad. Does 
the water stand the incubator test ?—I cannot remember 
whether we have ever tested it; I am afraid not. 


24061. It looks as if it would not ?—I should be con- 
fident it would not. In summer time it putrefies and 
lets off sulphuretted hydrogen to a very great extent. 


24062. Was there any dam sludging on the 6th Sep- 
tember, 1901; it was fearfully bad, going up to 277 
parts of solids in suspension and solution ?—No, we have 
no note of anything; I looked up that figure; but I 
have no note of anything exceptional on that occasion. 


24063. According to the analyses in Table V., the water 
of Bradford Beck is practically a sewage ?—It is. 


24064. You would classify it as rather a kad sewage, 
would you not ?—It is. The whole of the sewage of 
Bradford after a very slight settlement, precipitation 
of solids by sulphuric acid, is thrown into the bradford 
Beck about half a mile above this point where the sample 
was taken. 


24065. Then as regards the analyses in Table XII. of 
water of Dewsbury Beck at junction with Calder, I 
should like to repeat the remark that I made with regard 
to the river Aire analyses (Question 24060). There is 
a case on the 5th of September, 1902, when the water at 
Dewsbury Beck had solids in suspension and solution 
amounting to 363, and in all the rest of the figures in that 
line are corresponding enormous increases over the other 
figures. Are there dams at Dewsbury Beck ?—There 
are a very large numter of sluices across the stream, and 
I intended to put before you some evidence as to the 
raising of those sluices and the effect that it has on the 
stream. It is the practice to raise the sluices almost 
always on Saturday at mid-day, and the flow of the 
stream goes up from an average of 1,800,000 gallons 
to as much as 24,000,000 at mid-day. I have brought 
samples—I have them in the other room if the Commis- 
sion cares to see them—of the stuff that is sent down 
at such times. 


24066. That is very much like letting out a dam 7— 
It is the same, but it is a very much fouler stuff in the 
Batley Beck than in almost any dam. 


24067. The results of the analyses of the water of 
Hebble Brook, Table XIII. ?—May I say that I have here 
an analysis of the flow in the Batley Beck on Saturdays 
when the sluices are taken up, and the total solids 
amounted to 617, solids in suspension 451, and oxygen 
absorbed 52. 
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24068. That is a very bad sewage ?—Very bad. 


24069. Then Table XII., Dewsbury Beck, and Tabl> 
XIII., Hebble Brook, and Table XIV., Spen Beck at 
junction with the Calder—they are all extremely bad, too ? 
Yes. These are smaller manufacturing streams. The 
Hebble Brook carries with it all the sewage of Halifax 
passed through septic tanks only. 


24070. Then follow a number of very good rivers—Tables 
XV., XVI., XVII., XVIIJ., and XIX. Have you no 
contact beds at Halifax ?—They are not carried 
out yet. We have served them with a notice 
of proceedings, and they say that this summer they 
are going to put down their contact beds; they 
have only septic tanks so far. Table XVI is not a 
good one; that is the river down below Sheffield. If you 
compare that with the Don at- Wortley, you have in the 
one case the albuminoid ammonia at *009, while in the 
other at .043. ‘The curious thing about the Don, if may 
mention it, is that the nuisance arising from the River Don 
below Sheffield is probably the worst nuisance we have 
on any of our streams, although, as you see, the state of 
the stream is not nearly so bad as the others. I attribute 
it myself to the fact that the sewage of Sheffield is pre- 
cipitated by lime and then discharged into the River Don, 
which is full of ochre water which causes a deposit, and the 
sludge deposit putrefies and gives oft a very large amount 
of sulphuretted hydrogen. There, too, of course, they 
have a scheme before the Local Government Board. 


24071. We were hearing about it yesterday. Has any 
bacteriological examination been made of the sludges 
to which Table XXIII. relates—the sludges from mill 
dams ?—No. 

24072. None ?—No. 

24073. The only other remark I have to make is that in 
Table XXIII. the stream of the Don at Sheffield shows a 
very large amount of nitrogen, 3:104; that is a remark- 
ably highly nitrogenous effluent ?—That is coming from 
the mill dam while sludging is going on- 


24074. That involves a quantity of organic matter ?— 
Yes; all that may be deposited in the mill dam. 


24075. (Colonel Harding.) What is the object of one of 
the Tables—I think it is Table XXI. What do 
you propose to show us by that? I notice, in connection 
with certain of these analyses there is an enormous amount 
of suspended matter. For instance, under head A Table 
XXL, there is a total of 658 of solids in suspension, which 
tails off gradually to 21. What is the object of the 
Table ?—I put it in—-I am glad you mentioned it—to 
show the worst that we can get froma natural flood, and 
to compare that with what comes from the mill dams 
when sludging is going on. 

24076. This Table really shows us what takes place in 
the river, at times of rain, quite independent of any pollu- 
tion ?—Yes, 


94086. (Chairman.) Could you tell me, very briefiy. 


what is the system of sewage treatment at Batiey ?— 
We treat it by hydrolisis and oxidation. It is hydrolised 


in a septic tank and it passes from the septic tank into — 


the bacteria beds and is oxidised in the ordinary way. 
24087. You hand in this statement ?—Yes. 


SraTEMENT BY Mr. Oscar J. Kirey. 


Tam the Borough Engineer of Batley. The population 
of this borough is 31,000. The area is 2,039 acres.. Batley 
is the centre of the heavy woollen district, and is bounded 
on the north by the Borough of Morley; on the south 
by the Borough of Dewsbury ; and.on the east and west 
by the Urban Districts of Soothill, Upper Heckmondwike 
and Birstall respectively. 

The separate system of sewerage has been adopted, #.e., 
ore set of sewers for sewage and ansther for storm water. 

The levels of the ground surface vary from 140 feet to 
485 feet above sea level, which gives rise to eleven natural 
streams. 

The boundaries of the borough are chiefly water-courses. 

In two instances hills haye been tunnelled through 
to bring sewage to the main/utfall works. 

To bring all the sewage of the borough to one outfall 
would be a very costly undertaking, owing to the number 
of tunnels required. 


MINUTES OF EVIDENCE : 


24077. From sewage or from trade refuse ?—Yes. 
These first four taken from the River Calder, A, B, C and 
D, were taken after a long drought, when a very sharp 
flood came on, as you will see from the rainfall. They 
probably represent the worst state of matters in the 
River Calder from natural causes—the washing down of 
silt in the river. 


24078. I see, under heading D, that the river, while still 
falling, gave 21 parts of solids in suspension. What do 
you suppose would be the normal condition in dry 
weather ?—If you. look at Table IX. you will find the 
normal condition there stated. 


24079, What: is it.?—Solids in suspension, 3°8. 


24080. It is exceedingly interesting to find that owing 
to perfectly natural causes the stream at times has am 
enormously increased amount. of suspended matter in it, 
represented by the figures 658 as compared with 3°8 7— 
That suspended matter does not come from natural causes, 
but from the gross pollutions that are poured into the 
river higher up, and where solid matters are allowed to 
settle behind weirs. 


24081. I am very anxious not to misunderstand what 
you say. These experiments are on the River Calder, 
which is an exceedingly foul stream ?—Yes. 


24082. So that really these are not the natural con- 
ditions of the stream. The matters which are washed 
out at times of flood are grossly polluted matters which 
have been deposited in it ?—Yes. The one below repre- 
sents more what takes place in a natural stream—the 
River Don—I put in the first four from the River Calder 
to show practically the worst that we can get from & 
storm without any dam sludging, and from the River Don 
to show what would result from a fairly natural stream. 


24083. There the increase was comparatively slight ?— . 
Yes. But it is still high. 


24084. It would be rather interesting if the same 
data could be obtained from an unpolluted stream ?— 
Yes, I will endeavour to supply that. 


24085, Arc you able, in connection with the table 
referring to Hebble Brcok, to point’ to any improvement 
within recent years as shown by analyses ?—I truly 
confess that I am disappointed that the analyses do not 
show the improvement one would expect. There is an 
improvement, but the analyses to show it definitely 
would evidently have to be taken very much more fre- 
quently than once a quarter. The result of the analyses 
depends so very much upon conditions of weather and 
conditions of separate discharges. Once or twice I 
have had the samples quite spoilt by the fact that one 
mill, close to the point where the samples were being, 
taken, happened at that time to be discharging a very 
polluting effluent. Such things as that so greatly affect 
the analyses that I am not able to draw many conclusions 
from them, I am sorry to say. 


Mr. Oscar J. Kirpy, Borough Engineer of Batley, called; and Examined. 


The sewage from that portion of the borough which 
drains into the Heckmondwike watershed (61} acres) is 
dealt with by the Heckmondwike District Council at 
their sewage outfall works. 

The Howden Clough district (6} acres), the Howley 
Beck district (2564 acres), and the Lamplands district (53 
acres), are residential districts, the sewage from which 
could not be taken to the main outfall works without 
a good deal of expensive tunnelling. 

Each of these districts is provided with a separate 
purification works, viz., with septic tanks and oxidising 
filter beds. 

The sewage is all domestic and there has not been any 
complaints of smell or any other nuisance. 

The main outfall works are being constructed, and 
when finished will consist of one covered detritus tank 
whose capacity is 94,000 gallons. 

A pump we:l of 9,000 gallons capacity. 

A covered septic tank which, when full, holds 1,750,000 
gallons. 

Ten single contact beds, having a total capacity of 
two acres a yard deep. 

Ten double contact beds of the same capacity. 

Four storm water. beds of 3,500 cubic yards total 
capacity. 
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The dry weather flow to these works is 500,000 gallons 
a day of twenty-four hours, viz., 300,000 gallons of 
domestic sewage and 200,000 gallons of trade wastes 
from woollen mills, blanket mills, dyehouses, carbonizing 
works, wool scouring, etc. 

The main outfall purification works, also three small 
purification works and the surface water drainage scheme 
were all designed by me, and constructed by administra- 
tion under my supervision. 

The main outfall works are in a narrow valley, the 
slopes of both hills being built upon. 

When the septic effluent is discharged upon the first 
contact beds the sulphuretted hydrogen gas in solution in 
this effluent is forced out of solution and escapes into the 
air, giving rise to a nuisance which is the cause of many 
complaints from the residents in the district and from 
persons who pass the works along the main road upon 
which they abut. 

Even when the septic effluent is quiescent, any lowering 
of the barometric pressure will cause a corresponding 
lowering of the co-efficient of solution and the consequent 
escape of gas. 

The following mechanical means were adopted to pre- 
vent the escape into the air of the sulphur gas, viz., the 
septic effluent is distributed into the contact beds upwards 
from a 12-inch cast iron pipe instead of being delivered 
into roughs or grips on the upper surface of the beds. 

The covered channel conveying the liquid from the 
septic tank to the beds is connect ed by a 12-inch air shaft 
to the boiler house chimney (170 feet high). 

Bafflers are tixed in this channel which disturb the liquid 
and force a portion of the gas out of solution. 

This gas is drawa up the chimney and dissipated at the 
top. 

Tt was my intention to fix a fan at the bottom of the 
ehimney but the induced draught of the chimney has so 
far answered the purpose. 

These arrangements have effectually removed any 
cause for complaints. But in order to be in an assured 
position to deal with the nuisance in the event of their 
failuré, experiments have been conducted with a view to 
destroy the sulphuretted hydrogen gas. 

Samples of bleaching powder were analysed (as bleach- 
ing powder varies in composition) with the object of 
determining the amount of soda which would be required 
to precipitate the whole of the lime in it, leaving a solu- 
tion of sodium hypochlorite, which will destroy the gas, 
and is itself reduced merely to a solution of common salt. 

The liquid from the septic tank was examined as it 
entered the beds, and as it finally left the works; the 
difference in the amount of gas in the two liquids was thus 
determined, the difference being the amount of gas which 
had escaped into the atmosphere and caused, the nuisance 
complained of. 

Solutions of hypochlorite of known strength were made 
and added to the septic effluent as it passed along the 
covered channel from the tank to the beds. 

This was done on the worst days, i.e., when the smells 
were strongest, and repeated on other days. 

It was found, however, that the solution would only 
need to be added on certain days, viz., on those days 
on which the bad smells arose, and with ordinary care 
it did not produce any solids in suspension. 

To destroy the amount of gas on one of the worst days 
it required 7°25 graias of bleaching powder and 15:12 
grains of soda crystals per gallon of septicised liquid, i.e., 
91 cwt. of bleaching powder and 194 cwt. of soda crystals 
per 100,000,000 gallons of septic effluent at a cost of 
£5 Lis. 6d. 

Against this there would.be a residual of chalk about 
75 per cent. by weight of the bleaching powder used. 

The maturing process in a new contact bed proceeded 
faster by the application of liquid in which the sulphur 
gas had been destroyed by these means. than when 
the liquid applied is charged with the gas. 

The following experiments were conducted with a view 
of preparing hypochlorite (or oxychloride) of soda by the 
electrolysis of salt water or brine. 

The electrolytic cell consisted of a glass box 12 inches 
long by 18 inches deep. 

The electric current was supplied from a 350 kilowatt 
dynamo through a motor generator. 

In the first experimeat, copper electrodes were used ; 
these, however, were rapidly attacked on the current 
being passed, and copper salts formed. 
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In the second experiment the electrodes used were four 
round carbon rods, 11 inches in length and 1} inch in 
diameter ; and the electrolyte a 5 per cent, solution of 
brine. 

The available chlorine was only 2 per cent. of the total 
chlorine. 

A third series of experiments were conducted with 
carbon plates. 

Five such plates, each 54 inches by 1} inches, were 
placed together, being separated at the terminal end by a 
strip of india rubber; and at the other end by short 
lengths of glass tubing, the whole being kept in position 
by rubber bands. 

The centre and two end carbons were connected together 
to form the anode and the remaining two to form the 
kathode. 

The 7} per cent. solution of sodium chloride was first 
used, end a current of 14 ampéres at 5 volts passed 
for one hour; by this means 7°36 per cent. of the 
total chlorine was converted into available chlorine. 

A 8 per cent. solution of common salt (about the same 
percentage as sea water) was next used, and the same 
cucrent passed for a period of two hours, the result being 
that 16-1 per cent. of the total chlorine was converted 
into chlorine available for the purification and deodorisa- 
tion purposes. 

This, at first sight, would apyear to show a great saving 
compared, with the case of the 7} per cent. solution, 
but when it comes to a question of cost, this advantage 
is not nearly so great. . 

The chief cost is for the supply of electrical energy ; 
the cost of such small quantities of salt (agricultural salt 
being used) employed for these experiments being negli- 
gible. 

It would aprear that in the second case the cost was 
practically double that of the first, and as the yield was 
only two and three quarter times as great as that of the 
first, the increase is only 373 per cent. ; and this ad- 
vantage is doubt'ess due to the fact that in the first in- 
stance the solution became warm, thereby increasing the 
resistance offered by the solution to the electric current 
and also retarding the formation of sodium hypochlorite, 
as at high temperatures sodium chlorate and not hypo- 
chlorite is formed. 

Further experiments were made to determine the effect 
of length of time of passing the curreat, sizes of the elee- 
trodes, also the time taken to obtain the maximum decom- 
position of the solution. 

It was found, by using a 3 per cent. solution and a 
current of 9 ampéres at 5 volts, that at the end of two 
hours the available chlorine was 14:4 per cent. of the 
total chlorine, and at the end of four hours it had fallen 
to 10:4 per cent., and after six hours was only about 3 
per cent., this again being due to the increase in tempera- 
ture of the solution, which rose from 10 degrees C. to 
49 degrees ©. during that time. 

The surface areas of the electrodes gave the best results 
when the current was 0°33 ampére per square inch of 
pole. 

A trial was also made, using a mercury kathode and 
carbon anode, but as the voltage required is much higher 
than for carbon electrodes, it is not an economical method 
of working. 

To deodorise 1,000 gallons of the septic tank effluent, 
5 gallons of the prepared liquid are required, 

To prepare this liquid the total cost would be £6 15s. Od. 
per 1,000,000 gallons of sewage treated, made up as 
follows : 

3 per cent. of solution of common salt, 5,000 gallons 
required, 7.¢., 1,500 lbs. of common salt, at 9d. per cwt. 


a ioe ds 
110 0 
Cost of current, assuming the installation of 
a machine giving 80 per cent. efficiency, and 
current at 1d. per unit - - - pen Ge te ( 
£615 0 


Still further experiments have been made with a view 
to reduce the cost of producing oxychloride. 

Endolithic carbon electrodes with terminals made to 
pass through them and secured to the sides of the elec- 
trodes with washers and wing nuts have been used. 

Also electrodes whose terminals have been kept en- 
tirely outside the electrolytic cell, and consequently not 
subject to the action of the electrolite. 
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It may be confidently stated with that a good elec- 
trolyser, working under favourable conditions, sufficient 
liquid to deodorise 1,000,000 gallons of septicised sewage 
can be prepared at a total cost of £3. 

At a total cost of, say, £5 sufficient liquid could be pre- 
pared to sterilise 1,000,000 gallons of filtrate or final 
effluent. 

The liquid can be prepared by the electrolysis of brine 
at a less cost than from bleaching powder ; there is also 
a sensible difference between a solution produced from 
bleaching powder and one of the same strength produced 
by the electrolysis of salt water, viz: the latter will 
deodorise a greater quantity of either sewage or sludge. 


24088. (Sir William Ramsay.) Might I ask you what 
are carbonizing works ?—To get the wool from rags, to 
separate the wool from the cotton—I am now speaking 
of a mixture of cotton and wool—they are passed through 
a chamber in which there is an acid; the acid eats away 
the cotton and leaves the wool. 


24089. Then what becomes of the acid. Does that 
run into the stream ?—It runs into the works where they 
may try to use it again. It is a question that I could 
scarcely answer straight away, because in some cases they 
may use the spent acid for another purpose. 


MINUTES OF EVIDENCE : 


24090. It has a very dark colour, I presume ?—Oh, it 
has. 


24091. And it is fairly concentrated ?—It is, certainly. 
I may say that the acid is often used to “‘ crack the fat,’” 
as it is termed. 


24092. That same acid ?7—Yes, the same acid. 


24093. I supposed that might be so. I see that your 
filter capacity is one yard per 25 gallons. That capacity 
of filter should give very good results, should it not?— 
Yes. The present results are 98 per cent. of purification. 


24094. That is very good ?—The beds are compara- 
tively new ; they were opened only last year. I have a 
table here shewing the percentage of purification; at 
the present moment it is 98 per cent. 

24095. That is very good indeed ?—May I leave this 
table ? 

24096. Yes ; it would be a very good addition to your 
evidence ?—Then I will put it in. (Zable handed in.) 

The following Tabies show (I.) the average results 
obtained at different stages in the process of purification ; 
also a comparison of average analyses of crude sewage 
and of the Batley Beck; and (II.) a summary of puri- 
fication results : 


I.---AVERAGE RESULTS OBTAINED AT DIFFERENT STAGES IN THE Process or PURIFICATION. 
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CoMPARISON OF AVERAGE ANALYSES OF CRUDE SEWAGE AND OF THE BaTLEY BECK. 


Crude Sewaze (Main Out- | 6:24} 1:68 3°21 10°82 | 35°70 | 120-50 | 156-20 | absent | absent | 12°74 
fall Sewer). 

Batley Beck (a3 it flows | 2.03 | 2°91 36°85 61:14 | 405-00 | 199-00 | 604:00 | absent | absent | 15°67 
past the Outfall Works). 
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Il.—Summary or Purrrication ReEsutrs. 
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24097. When you discharge the septic effluent on the 
first contact bed you speak of getting sulphuretted hydro- 
gen. Is it not possible so to discharge it that it is not 
exposed to air to any great extent ?—If it is discharged 
in troughs or grips it is in the open air at once. 


24098. But could it not be managed so as to avoid 
bringing the liquor into the open air ?—I am doing so 
at present, I am discharging it into the body of the bed— 
at the bottom of the bed and filling the bed upwards. 


24099. There is a very interesting point which you 
bring forward here, the oxidation of the sulphuretted 
hydrogen in the septic tank liquor by practically a bleach- 
ing powder, and the attempt to make hypochlorite elec- 
trically ?—Yes, and I think the latter is the cheaper 
method. 


24100. Have you tried lime as a means of precipi- 
tating the sulphate of iron ?—Yes, I have. 


24101. Is that way more expensive or not so satisfac- 
tory ?—It is not so satisfactory. 


24102. It stops wp the beds, probably 1—Yes, it does ; 
it forms a coating on the media. 


24103. Do you find that there is any danger done to 
the bacteriological action of the beds by this hypochlo- 
rite ?—Not at all; if it is only used in such quantities as 
to deodorise the sulphuretted hydrogen: it helps to mature 
a new bed, 


24104. Does it not require very careful working to 
make sure that you do not have any excess ?—If it is 
delivered into the carrier from the septic tanks along a 
sparge pipe the pipe can be so arranged that you cannot 
put more in than is required. 


24105. You could overdose it, no doubt ?—It could 
be done, but then you would sterilise your beds. 


24105. Is not that a risk—does it not require very 
careful supervision ?—Ordinary supervision. 


24107. Ordinary supervision does quite well ?—Yes. 


24108. Do you judge by the smell whether the sul- 
piuretted hydrogen has been removed ?—Yes. 


24109. Do you use no chemicals ?—Only for my own 
information ; but it is quite possible and quite easy to 
tell by the smell. 


24110. By the smell alone ?—Yes. 





24111. Is there any reason for destroying the sul- 
phuretted hydrogen except to avoid its becoming a nui- 
sance ?—No, not at all. 


24112. Because the cost is £5 11s. 6d. per 1,000,000 
gallons of septic effluents. Isnot that rather prohibitive ? 
—It could be done more cheaply. 


24113. There is chalk afterwards to be recovered 
but that would not amount to very much, would it ?— 
You are speaking now of the hypochlorite. 


24114. Yes.—With bleaching powder and soda crys- 
tals it is more expensive. 


24115. You could not reckon on getting any large 
price for the chalk purchased ?—Not at all. 


24116. You have tried the electrical plan ?—Yes. 


24117. Did you use the town electricity for the pur- 
pose, or did you generate your own ?—I used the town 
electricity. 


24118. What do they charge you per unit ?—A penny. 


24119. That was only done during the day, I suppose ? 
That is all. It has to be taken off when their peak load 
is on. 


24120. It still occurs to me that £5 per million gallons 
is a pretty heavy sum to pay ?—I have made further 
experiments, and find it could be done for £3. : 


24121. And do you find no disadvantage in turning 
a sterilised septic effluent on to the filter beds. Do they 
work just as well ?—Not if it is sterilised ; it is merely 
deodorised. 

24122. You do not think the hypochlorite sterilises it, 
it merely deodorises it ?—If you dose it sufficiently you 
would sterilise it. 


24123. But you maintain that it has not been sterilised ? 
—Yes. 


24124. It attacks the sulphuretted hydrogen before 
the bacteria ?—Yes. 


24125. Then as regards the general question: would it 
not be better to avoid the use of septic tanks and simply 
settle or use chemical precipitation, and then treat the 
sewage liquid on your filter ?—With the present com- 
po‘i'ion of our sewage I think we are treating it as 
economically as we can—that is, by using the septic tank. 
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24126. You mean that the septic tank is the most 
economical method ?—Yes, at the present moment, with 
the composition of the sewage as it is at present. 

24127. Is that including the cost of the deodorising? — 
Oh, yes. 

24128. Including everything ?7—Yes. certa‘nly. 

24129, Including the £3 per million gallons for deodoris- 
ing ?—Yes. 

24130. I should have thought the danger would be of 
over-stepping the mark, and using too much hypochlorite 
and sterilising your filters; but you do not appear to 
find that to be the case ?—With ordinary care it need not 
be done. 

24131. (Major-General Carey.) You say the separate 
system of sewerage has been adopted, viz., that of one 
set of sewers for sewage and another set for storm water. 
Does the storm sewage receive any treatment before going 
into the river ?—Yes, on storm water beds. 


24132. You do not mention it here ?—We have a 
separate system, and I leap the water into the ordinary 
clear water sewers ; 7.e., say a storm comes on for a very 
short time, that goes into the foul water sewer, but when 
the storm bscomes sufficiently strong it leaps into the 
clear water sewer or surface water drains. 


24133. Does it receive any treatment after that ?—Oh 
yes, the ordinary treatment. 

24134. After it enters the clear water sewer ?—Yes. 

24135. Treatment on filter beds ?—Treatment on 
storm water filter beds. 

24136. At what period of the storm would these storm 
sewers come into operation ?—When the storm is heavy. 
The first washings would go into the sewers, and as the 
storm increases the weirs would leap, and it would all 
go forward on to the storm water beds. 


24137. I understand that; but how are the weirs 
regulated ; at what period would they come into opera- 
tion ?—I leave about two inches more or less (according 
to the gradient) in a 12-inch clear water sewer, so that 
the first washings only go into the sewer; but when 
the storm is subsiding again the foul water goes into the 
sewer. 


24138. And what number of dilutions would that 
represent ?—About six. 


24139. The volume that goes forward, and the volume 
that is intercepted ?—The volume that goes forward 
would be six, and what is intercepted is often worse than 
what is in the sewer. I mean that householders put 
domestic filth down the ordinary street grates, and that 
passes into the sewer, and does not come on to these 
beds. 


24140, At one period of the storm you pass the storm 
sewage into the ordinary fresh water sewer ?—Yes, as 
soon as the weirs leap. 


24141. And then it goes on to the storm beds ?— 
Exactly. 


24142, And is that sufficient to purify the dilute 
sewage ?—The beds will purify it. 

24143. Have any analyses been made of the effluent 
from the bed ?—I have not made any. In fact the beds 
are not finished. They are not in a state at which I 
could make any analyses. 


24144. If the nuisance caused by the septic tank 
effluent being delivered on to the contact beds were so 
great as to necessitate this treatment, it is rather costly 
treatment ?—It is, yes. I may say that at the present 
moment the mechanical arrangements are sufficient. 
You notice in my statement that I say the mechanical 
arrangements at the present moment are sufficient. I 
have pipes. (The witness explained a plan to 
General Carey.) 


24145, Is there any peculiarity in the sewage to account 
for the excessive nuisance of the septic tank effluent ?— 
There is a lot of sulphur in the sewage, and I suppose that 
is the reason of there being so much sulphuretted hydrogen. 


24146. Are there any tanmeries or wool 
works ?—There are wool scouring works 
tanneries. 


scouring 
but no 


MINUTES OF EVIDENCE : 


24147. (Sir William Ramsay.) About this electrical 
treatment. You put down tke cost of deodorising the 
s?wage at £3. and you go on to say “‘ at a total cost of say 
£5 sufficient liquid could be prepared to sterilise a million | 
gallons of filtrate or final effluent.” If there was nothing 
to deodorisé at all, would the cost of sterilising be £2— 
the difference between £5 and £3 7—No, it would not ; 
it would be £5. 


24148. It would ke £5 ?—Yes. 


24149. (Mr. Stafford.) What do you do with your 
sludge ?—I have not any. 


24150. As yet ?—I have had the tank going for two 
years, but there is no sludge yet. 


24151. What do you propose to do with it ; I suppose 
you will have sludge ?7—I shall deal with it when the time 
comes with hypochlorite of soda, which would deodorise 
it and there would be no nuisance. 


24152. Why is there so much nuisance from this septic 
tank of yours?—The capacity of the septic tank is about 
1,750,000 gallons, and I have an idea that the sewage 
is hyperhydrolysed, and that causes it to some extent. 


24153. Causes the nuisance ?—I think so, partly. But 
in addition, whatever size the septic tank might be, 
there would be a nuisance from the sulphuretted hydrogen ; 
there would be some nuisance, if not as much as now. 


24154. The septic tank is too big?—At the present 
moment; but I think the Committee wisely made it 
large enough, because we do not have at present what 
we shall have to ceal with when treating additional 
sewage ard trade waste. 


24155. You think this gives rise to the nuisance ?—'To a 
great extent. 


24156. (Major-General Carey.) What is your rate of 
flow through the septic tank ?—26 hours. 


24157. (Mr. Stafford.) Why do you not make it smaller 
for the time being ; would not that stop the nuisance ?— ~ 
It would be an expense to do so. Of course the works are 
not quite finished ; there is only a portion of the bacteria 
beds constructed. When dealing with the whole amount 
we shall be in a better position, and shall do better. 


24158. Have the mechanical means which you have 
adopted to prevent the escape of air in any way impaired 
the efficiency of the contact bed ?—Not at all; because it 
merely takes the sulphuretted hydrogen away, and my 
own impression is that the sulphuretted hydrogen masks 
the oxygen in’ the beds. If the septic effluent is- over- 
charged with sulphuretted hydrogen it is better to extract 
it, or to destroy it, or change it. 


24159. It has not impaired, in your experience, the 
efficiency of the bed in any way ?—Do you mean drawin 
off the sulphuretted hydrogen. 


24160. Yes ?—Not at all. 


24161. (Colonel Harding.) You have certain outlying 
districts in which you have separate little sewage installa- 
tions, the treatment being the same there as in the main 
outfall ?—Yes. 


24162. You have not said about there being any 
nuisance in connection with the septic tanks there ? 
There is none. 


24163. Then there is none in those septic tanks for the 
outlying districts, but there is a serious nuisance in the 
septic tank at the main works ?—That is so. 


24164. At the main works you have not merely domestic 
sewage, but you have trade effluents to the extent of two- 
fifths ?—Yes, exactly. 

24165. Are there no trade effluents in the outlying 
districts ?—None whatever. 


24166. To what extent do you attribute the nuisance 
produced at the central works to the admixture of these 
trade effluents ?—I am afraid I can scarcely answer that 
question. 

24167. You have told us that in the outlying districts 
with septic tanks you have sewage wholly domestic 7—Yes. 


42168. And that there is no nuisance ?—That is so. 


24169. While at the main works, again, having septic 
tanks you have a serious nuisance ?—Yes. 


24170. One difference between the two is that at the 
central works you have, in addition to domestic sewage, a 
quantity of trade effluents represented by the figure of 
two-fifths of the total ?—Exactly. 


24171. May not the presence of those trade effluents 
affect the question of the nuisance ?—I think that is it. 


24172. You think the nuisance is due to the presence of 
trade effluents ?—Yes, to a great extent. 


. 24173. What is their general character; is it wool 
washing water ?—There is cloth scouring and wool washing 
and dyeing. 

24174. You are under the impression that the addition 
of these trade effluents has brought about the nuisance 
at the main works ?—To a great extent. I may say 
again that in my judgment the sewage at the present 
moment is hyperhydrolised ; it is over-septicised. 


24175. But that is another matter altogether, is it not ? 
It is. 


42176. You have told us that you think it is due to the 
presence of trade effluents, and then you also tell us that 
it is due to the over-septicising of the sewage ?—To both. 


24177. Do you mean it is due to both causes ?—-To 
both causes, certainly. é 


24178. Which is the more important cause, do you 
suppose ?—Oh, the trade effluent. 


24179. Are you quite sure of that. You told me that 
you over-septicised the sewage, in your belief. The 
expacity of your septic tank is over 1,000,000 gallons ? 
—1,75°,000 gallons. 


24180. The dry weather flow is only 500,000 gallons ?— 
That is so. 


24181. Therefore the flow is not, as I understood you 
to answer just now, a 24-hour flow, but a 48-hour flow ? 
—In answering General Carey I was supposing that the 
works were purifying what we are supposed to— 
1,100,000 gallons, and not merely the dry weather flow. 


24182. We are to take it that the works have been 
constructed to deal with a much larger volume than you 
are now dealing with ?—Exactly. 


24183. At the present time the flow through your 
septic tank is a very slow flow ?—Very slow. 


24184. Such as would fill the tank in 48 hours ?—Yes. 


24185. And you yourself are under the impression that 
it stays there too long ?—I am. 


24186. Would it not really be worth your while, in 
order to obtain the very important information whether 
reducing the capacity of the septic tank would not stop 
this nuisance ; would it not be worth your while to try 
that ?—It would not stop it entirely, because in flood 
times I have an opportunity of putting the sewage 
through the sepic tank faster. 


4187. But then the conditions are different, because 
the sewage is dilute ?—Yes, it is. 


24188. Would the cost of dividing your septic tank 
be very great ?—Rather costly owing to its depth. 


24189. I ask you because several witnesses have ex- 
pressed to us the opinion that leaving the sewage too 
long in a septic tank does bring about a greater develop- 
ment of sulphuretted hydrogen ?—I am quite of the 
same opinion. 


24199. Would it not be worth your while to spend some 
money in the experiment of reducing the capacity of 
your tank, say, by a cross wall provisionally in order to find 
out whether the production of sulphuretted hydrogen 
is due to the over septicising or to the other cause which 
you have mentioned ?—No doubt it would; but we 
are making all speed with the works so as to be able to 
treat the whole of the sewage. = 


24191. When do you expect that you will get your 
full flow ?—Some time this year or at the beginning 
of next. 


24192. Your answer is that expecting so soon to have 
a normal rate of flow through the tank, you do not think 
it worth while to spend the money ?—That is so. 


24193. That would be prevention rather than cure, 
would it not ?—Yes, it would. 
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24194. It is interesting any way to have an example 
of a case where a nuisance has been produced from the 
septic tank flow and where a serious attempt has been 


made to cope with the nuisance. We gather that you 
have been able to do that ?—Yes. 


24195. The mere collection of your gases with a chimney 
stack’ you think has brought about the removal of the 
nuisance ?—Oh, it has. 


24196. If that were not sufficient you were prepared 
to do something more, as you have shown us by your 
interesting experiments ?—Yes. 


24197. In passing the effluent from your septic tank to 
your contact beds and delivering it at the bottom of 
the contact beds instead of as usual on the top, have 
you found that there is any reduction in the effectiveness 
of the contact bed filtration ?—Not up to the present. 
Around the end of the pipe there is certain small matter, 
but that has not got into the bed. We should have 
had that on the top of the bed if we had delivered it 
at the top. 

24198. Did you take any analyses so as to give you 
any idea of the results obtained before and after this 
filtration ?—Yes. 


24199. Did you find any material difference ?—Not 
any. 

24200. You are of opinion that it does not matter 
whether one delivers the sewage on to a contact bed at 
the tcp or into it in the body ?—I should prefer to deliver 
it on the top. 


24201. For what reason ?—I think it may take up 
more oxygen—in a thin spray, 1 mean. 

24202. And probably you would have the chance 
oi retaining on the surface some of the suspended matter ? 
—That is not a very strong point, because it collects itself 
around the end of the pipe. 14 is all in one place instead 
of being distributed all over the bed. 


24903. If it is at the bottom, how can you preveat 
its going off with the filtrate ?—The beds empty in the 
middle, and this is delivered at one end. 


24204. How can you get at the accumulations ner 
the pipes so as to remove them without digging down? 
—Not without digging down. 


24205. You have to dig down ?—We have to dig 
down. 


24206. Are you able to tell us what suspended matter 
goes on to your contact beds—roughly ?—About tweaty 
grains per gallon. 


24207. I do not wonder that your septic tank does 
not get full of accumulations if you carry away from 
it so large a proportion of the suspended matters. Are 
you quite sure of that figure ?—That is the total solid., 
not the suspended solids; the suspended solids are 
about four, at the present time. 


24208. The suspended solids going on to your filter 
are not twenty, but four ?—About four—from four to six. 


24209. What amount per gallon do you leave behind 
in the septic tank ?—I could not say. 


24210. What is the amount of suspended matter in the 
average analysis of your sewage. It would be thirty 
of forty, would it not ?—About forty-five. 


24211. And you only carry away in the effluent four ? 
—Yes. 

24212. Therefore you must leave about forty in the 
tank 7—Yes, I suppose so. 


24213. Are we right in understanding you to say that 
after two years you have no appreciable accumulation 
in the septic tank ?—We have not emptied any sludge 
from the septic tank yet. 


24914. Have you considerable accumulations in the 
tank ?—I do not think so. 


24915. Have you attempted to gauge whether there 
is any accumulation ?—Only with the rod. 


24216. And you felt the bottom easily ?—Oh, easily ; 
the rod will fall to the bottom. 


24217. But that does not necessarily mean that there 
is not a great deal of thin sludge 7?—No doubt there is, 
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disappears at the same time the nuisance of the sul- 
phuretted hydrogen ?—Yes. 


24225. You have not troubled yourself in the least about 


Mr. Oscar 24218. Do you really seriously expect that the forty 
J. Kirby. grains which you leave in the septic tank are going to be 
— _ absorbed or changed by bacteriological o1 other action?— 





16 May 1905. The tank is 13 feet 6 inches deep on the average, and it 


is rather difficult to tell what there may be at the bottom. 
No doubt we shall have to clean it out. 


24219. You expect that ?—Oh, I do, certainly. © 
24220. There will be accumulations ?—Certainly. 


24221. You expect that, but on account of the great 
depth of the tank it has not yet troubled you ?—Just so. 


24222. And you probably foresee that as the accumula- 
tions increase your effluent going on to the contact beds 
will contain more and more suspended matter ?—Exactly, 
yes. 


24223. And when it reaches such a point as to be 
seriously objectionable you will then empty the septic 
tank ?—We shall then empty the septic tank, which can 
be done from the bottom without any difficulty. 


24224. The Commission will be very much interested 
to know whether when you get your full rate of flow 
through the septic tank, and reduce what you have con- 
sidered to be the over-septicising of the sewage there 


what you will do with the sludge as yet ?—No; it has— 
not troubled us. 


24226. But you will in the course of a certain length of 
time—probably another year or two years—have to 
remove a good deal of sludge ?—I certainly expect to. 


24227. Can you suggest what will be done with it ?— 
It will be deodorised and taken on to land. 

24228. You do not foresee any difficulty in getting rid 
of it ?—Not any. 


24229. And. you say that by the use of the septic tank 
you will have much less sludge to deal with than if you 
had settlement assisted by chemicals ?—Certainly. 

24230. That is indeed the reason why you selected 
septic tanks ?—Yes. 

24231. And you are quite satisfied with your selection ? 
—Up to the present moment, yes. 


24232. You have had nuisance, but you have remedied 
it ?—Yes. 


Mr. J. P. Witxinson, Engineer at the Sewage Disposal Works of the Corporation of Manchester, called ; and 
Examined. 


24233. (Chairman.) You are Mr. Wilkinson, engineer 
at the Sewage Disposal Works of the Corporation of 
Manchester !—Yes, [ am a member of the Institution of 
Civil Engineers and of the Association of Municipal 
and County Engineers practising in Manchester. I have 
planned and carried out the new works at Davyhulme 
for the Bacterial treatment of the Manchester sewage. 


24234 What is the population draining to the Man- 
chester Works ?—The population draining to the sewage 
works at Davyhulme is 575,500. This is inclusive of 
portions outside the city area which drain into the 
city sewers by agreement; but is exclusive of districts 
recently added to the city which have sewage works of 
their own elsewhere. 


24235. What is the system of drainage ?—The area is 
almost entirely drained upon the “ combined ” system ; 
that is to say, the storm water is not to any great extent 
drained into a separate system, but is delivered into one 
system of sewers, from which the excess above a defined 
amount of dilution is overflowed into the streams. In 
comparison with the extent of the area drained, the 
amount of separate surface water drainage is very smal] 
indeed. 


24236. Is there any infiltration of subsoil water into 
the sewers ?—There is a considerable amount of infiltra- 
tion of subsoil water into the sewers, and many of the 
older sewers of the city were constructed with a view to 
its admission to a certain extent. The average volume 
is probably about 6,000,000 gallons per day. 

24237. What is the water supply per head, and from 
what source does it come ?—The water supply of the 
city may be taken at an average of 29 gallons per head 
per day; of which 16 gallons is supplied for domestic 
and 13 gallons for trade purposes. It is derived partly 
from Longendale on the borders of Cheshire, Derby- 
shire, and Yorkshire; and partly from Thirlmere in 
the Lake district. 

24238. Is it hard or soft wa‘er ?—From. both sources 
the water supplied is a soft water. 


24239. What is the drainage area of the part of the 
city which is sewered?~The drainage area of the 
sewered portion of the city proper is about 10,000 acres, 
exclusive of undeveloped land ; and the total area (in- 
clusive of outside districts admitted under agreement 
to the sewers) is about 11,800 acres. 


24240. What proportion of the population use pail 
closets or middens, and what proportion use water- 
closets ?—About 624 per cent. of the city population use 
pail closets and middens ; and 375 per cent. use water 
closets. This will apply to about 560,000 of the popula- 
tion draining to the works; for the remaining 15,500 
there are not figures available. _ 

. 24241. Has the flow of sewage to your works been 
gauged? If so, what is the average number of gallons 
delivered at the works per day of 24 hours in dry 


weather in winter and in summer ?—The flow of sewage 
to the works has been gauged. The average flow per 24 
hours in winter dry weather (October to March inclu- 
sive) is found to be 26,481,000 gallons; and in summer 
dry weather (April to September inclusive) 25,311,000 
gallons. 

24242. What is the maximum dry weather rate of 
flow, and at what hour does this occur ?—The maximum 
dry weather rate of flow is 57,256,000 gallons per 24 
hours, occurring at 2 p.m. at the sewage works, 44 miles 
from the city. 

24243. What is the minimum dry weather rate of 
flow?—The minimum dry weather rate of flow is 
18,644,000 gallons per 24 hours, occurring at 6 a.m. at 
the works. 


24244, What is the maximum wet weather rate of flow 
which you have observed coming to the works, and 
during how many hours has this continued ’—The maxi- 
mum wet weather rate of flow observed coming to the 
works is 222,625,000 gallons per 24 hours extending over 
a period of two hours. 


24245. What storm overflows have you on your sewers, 
and at what rate or rates of flow do they come into 
operation? For comparative purposes kindly give the 
maximum and minimum rates of flow in dry weather in 
the sewers on which the various overflows are situated ? 
—There are in all about 215 storm water overflows on 
the sewerage system, which are designed to come into 
operation when the amount of sewage is diluted with 
five additional volumes of rain water. The number of 
overflows is so numerous, and the sizes and gradients 
of their sewers so varied, that it is not possible to give 
a reply in full detail to the latter part of the question ; 
but typical instances which have been under observa- 
tion showed the following results :— 


Maximum rate Minimum rate 
per 24 hours. per 24 hours. 
A. Temple Street - 29,800 gals. 11,250 gals. 
B. Downing Street - 590,000 gals. 170,000 gals. 
C. Union Street (Ard- 
wick) -  - $10,000 gals. 108,000 gals. 
D. Deansgate - - 257,000 gals. 20,500 gals. 


The above observations were made in dry weather, but 
at a time when the subsoil water might be supposed to 
be at its maximum rate. 


24246. What is the largest number of gallons of 
sewage which have passed the last storm overflow and 
come to your works in 24 hours ?—The largest number 
of gallons of sewage which have passed the last storm 
overflow, and come to the works in 24 hours was 
163,624,000 gallons, occurring on Tuesday, August 7th, 
1900. 


24247, Can you say what is the volume of water in 
gallons represented by the average yearly rainfall in 
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the drainage area ?—The average yearly rainfall on the 
drainage area is equivalent to 8,432,943,750 gallons. 


24248. Can you give the Commission an approximate 
statement as to the volume of sewage which comes to 
your works during the year, and the volume which 
passes over your overflows?—The volume of sewage 
coming to the works during the year is approximately 
from 12,000 million to 13,000 million gallons. The 
amount passing away by storm overflows cannot be 
stated with any degree of accuracy. 


24249. Does the infiltration of subsoil water into the 
sewers occur regularly, or does it vary with the seasons 
or with the state of the weather; and can you give an 
approximate idea of the extra amount of liquid at one 
and another time entering the sewers from this source ? 
—The infiltration of subsoil water into the sewers is 
no doubt continuous, varying to some extent with the 
seasons; 7.¢., as between summer and winter ; and also 
with the state of the weather, being greater in volume 
during and for a certain period after heavy rains. 
Probably the daily infiltration in winter is from one to 
two million gallons in excess of that in summer. 


24959. How many gallons of trade effluent enter the 
sewers daily (24 hours), and what is the nature of these 
effluents?—The estimated volume of trade effluents 
entering the sewers daily is 32 million gallons. The 
trade effluents consist of waste liquor from sulphate of 
ammonia works, brewery refuse from breweries, mineral 
water manufactories, bottling works, etc., waste water 
from dyeing, bleaching, printing, mercerising, and 
furnishing works, tanneries, galvanising works, genera! 
chemical works, including aniline and tar distilling 
works, refuse from tripe dressing, bone, size, and candle 
works, railway companies’ waste water from sponge 
cloth and carriage washing, etc. 

24251. How many years ago were your sewers laid, 
and do you know whether they have sunk much in 
places so as to allow solids to accumulate /—Portions 
of the internal sewerage of the city are of very ancient 
date, but the major part has been constructed and re- 
modelled continuously with the growth of the city 
during the last half century. The interception system 
cutting off the sewage from the rivers dates from abou: 
1888. No doubt some of the older sewers have settle | 
in places, and have become sewers of deposit, but there 
is no reason to think that such instances are humerous. 


- 24952. Tn. what way or ways do you think the sewage 
which comes to the works should be dealt with in 
storm times? Perhaps I should amplify this question 
a little. The usual requirements of the Local Govern- 
ment Board are, I understand, that any increase in flow 
up to three times the normal dry weather rate should 
be fully dealt with by the ordinary complete plant, 
and that a certain number of additional dilutions—up 
to a total of six—should be treated on special storm 
filters. Do you think these are proper requirements, 
or do you think they should be modified in any way! 
It is, I believe, often found that the storm sewage 
which first comes down to the works contains a largely 
increased amount of suspended solids, and I should 
like to know whether you consider that your ordinary 
(dry weather) plant is exposed to damage in any way 
—as, ¢.g., rapid choking—by having to deal with this 
amount of storm sewage, and whether you think it 
would be better to adopt some other treatment. 
Although the storm sewage, including the suspended 
solids, isa very polluting liquid, possible the liquid 
portion alone is not very polluting, and this suggests 
that settlement of all the sewage arriving at the works 
in time of storms in tanks for a few hours, after, pos- 
sibly, the addition of chemicals, might perhaps be a 
better plan of treatment than passing a portion of it 
through the ordinary plant, and the balance through 
storm filters. Would such settlement alone be sufh- 
cient for the whole of the sewage arriving at the works 
in times of storm ?—In my judgment the requirement 
of dilution by storm water up to a maximum repre- 
sented by one volume of sewage to five volumes of rain 
is a reasonable one for purposes of special filtration, 
two volumes of the mixture being dealt with in the 
ordinary plant, and four volumes on~ storm-water 
filters. There is, -however, a wide difference between 
the character of an average sample of sewage through 
the twenty-four hours, or one taken at the minimum 
and one taken at the time of maximum flow. If a 
minimum addition of five volumes of rain be the lowest 
requisite as a dilutent in order to render storm water 
harmless before passing it into the river, it seems 
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reasonable that the standard measure of dilution 
should be applied at the time of the maximum flow, 
when the foulness is greatest. If the average rate of 
flow be taken as the controlling factor for dilution, 
the value of the five-volume provision; as a measure 
for the protection of the river from putrescible and sus- 
pended matter is largely neutralised whenever heavy 
rain occurs at the period of maximum flow. The Man- 
chester main. outfall sewer is capable of delivering 
sewage and rain at a rate equal to six times the 
maximum flow. As a general rule, under the latter 
circumstances, where the overflows are adjusted to the 
average, sewage will pass away to the river at the time 
of maximum flow diluted with three volumes of rain 
instead of five. If, in addition, the heavy rain occurs 
after prolonged drought, when deposits of accumulated 
filth are necessarily swept from the sewers, the amount 
of putrescible and suspended matter sent to the river 
may be very considerable. I am of opinion that in all 
local overflows the actual observed maximum and not 
the average rate of flow should be the determining 
factor for dilution. In the local overflows it does not 
seem to me to be possible to base the dilution upon 
the water supply per head of the population, which may 
be In manutacturing neighbourhoods more than double 
the amount in working-class localities. Where a con- 
siderable volume of sub-soil water enters the sewers 
this should be taken into account at the final overflow, 
which should be placed at a point as near as possible 
to the town, so as to avoid unnecessary size and cost 
in the outfall sewer. The amount of water supplied to 
the town at the time of minimum. flow, with statistics 
of the amount used at that time from other sources, 
and careful gaugings of the sewer at that time, will 
enable the amount of sub-soil water to be determined 
with close approximation to accuracy. But in large 
towns, for the purposes of overflows, the volume of 
water supphed is generally speaking, owing to its 
variability through the day and in various localities, 
not a sufficent or reliable guide. Dilution up to six 
to one at the time of maximum flow involves, however, 
the disadvantage of having to take to the works a 
needlessly high volume if heavy rain occurs when the 
sewer is flowing at the minimum or at the normal rate. 
The five volumes of rain added at maximum rate of 
flow is equivalent to eight volumes at time of average 
flow, and 11 volumes on the minimum flow, at the 
time when the putrescibility of the sewage, as mea- 
sured by the oxygen absorption figure, is only one-half 
of that at the maximum. For comparative purposes 
and from the point of view of putrescibility, therefore 
the application of the standard dilution of six to one 
at the time of maximum flow is equivalent to a 
dilution of 24 to 1 at the time of minimum flow. 
Clearly, this is a practical anomaly which ought to be 
removed ; though in a gravitation scheme it may be a 
matter of some difficulty. Ina pumping scheme it is 
readily met, as the volume pumped can easily be 
adjusted to the requisite dilution of either the maxi- 
mum, average, or minimum quantity. The best alter- 
native in a gravitation scheme would be the provision 
of duplicate or multiple inlets to the works proper 
in connection with a regulating chamber, one or more 
of which inlets could be shut down to suit circum. 
stances, thereby delivering a certain volume to special 
tanks and thence, after settlement, to the river direct 
Probably such a limitation could very well be made 
in the case of most sewage works during eight hours 
out of the twenty four, and valuable relief afforded to 
the ordinary plant and storm filters at a time when it 
is most needed, during the night or early morning 
without any injury to the rivers. In any case it is 
evident to me that a wide discretion ought to be left 
with the authorities at the works in dealing with these 
variations in the flow. I have stated elsewhere my 
opinion that the volume passed through septic tanks 
m time of storm should be limited to a dilution of one 
volume of sewage by an equal volume of rain. (Ses 
reply to 24272.) I do not think that settlement alone 
would be sufficient _for the whole of the sewage arrivine 
at the works in times of storm, though I think it 
would be sufficient for all that might come during the 
period of eight hours at the minimum flow, which I 
have referred to, after one additional volume had been 
taken into the ordinary plant. Special tanks should 
de provided for this purpose, with direct outlet to the 
river and connected to the regulating chamber referred 
to above. In brief, therefore, my suggestions for the 
treatment of rainfall would be as follows :— 


(1) - - At all times | 


Two volumes mixture of rain 
and sewace through septic 
tanks and ordinary plant. 


4B 
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(2) : - For sixteen Do. do., and up to four ad- 
hours out of ditional volumes through 
twenty-four storm water filters. 

Two volumes sewage and 

(3) - + For the re- [ rain through fetes plant, 
pes FR and remainder by settlement 
hours. | in special tanks. 


So far as my judgment as an engineer is of any value 
I do not think that in the last case (3), any addition 
of chemicals would be necessary. 


24253. What shape and size are your storm over- 
flows?—The storm-water overflows on the Manchester 
system of sewers vary in shape, size, and arrangement 
according to the special circumstances of each case. 
They are very numerous. 


24254, Would it be possible to have a standard form 
of overflow, and how would you fix the point at which 
overflows should be allowed, to come into operation ?— 
I do not think it would be possible to have an absolute 
standard form of overflow. Generally speaking, in a 
properly-constructed overflow, suited to a sewer drain- 
ing a completely developed area from which the sewage 
has reached its probable maximum, the determining 
factor is the difference in level between the invert of 
the tributary sewer at the overflow, and the invert 
of the communicating pipe at its entry into the inter- 
aepting sewer. This difference in level would ordinarily 
fix the gradient of the communicating pipe, and therefore 
its diameter or dimensions for the conveyance of the 
defined quantity ; and it must be fixed at its upper 
end even with the invert of the tributary sewer. The 
gradient and dimensions must be such as to convey 
the defined quantity when running full. The sill of 
the overflow should be of such a length as would admit 
of discharging the difference between the defined 
amount and the full discharging capacity of the tribu- 
tary sewer, without unduly increasing the head upon 
the communicating pipe. Perhaps one-fourth the 
diameter of the latter is the extreme limit to which the 
water level when flowing on the sill should rise above 
the soffit of the communicating pipe. If the disparity 
between the tributary sewer and the communicating 
pipe is too great to admit of this being done 
in one chamber a second chamber at a higher point 
should be provided to reduce the volume to the neces- 
sary limit. Where the tributary sewer drains a par- 
tially developed area on which the volume of sewage 
has not attained its maximum, the communicating pipe 
should be put in of the proper size and gradient for the 
ultimate quantity, and its inlet closed by an orifice of 
less dimensions, which may be adjustable. I regard 
these as the essential features of a properly constructed 
and complete overflow, which must be complied with if 
the ultimate central authority is to be satisfied that its 
requirements as to dilution are complied with, and at 
the same time the subordinate authority is to be sure 
that the sewer is not receiving more than the proper 
amount. Local overflows in the town should, as a 
rule, dilute the sewage flow with five volumes of 
rain when it is at its maximum rate of flow, and 
this should be exceeded rather than otherwise, so 
far as is consistent with the safety of the intercepting 
sewer. The difference should be adjusted at a main 
overflow below the point of connection of the last 
tributary sewer from the town, so as to obviate need- 
less cost in the main outfall. In some cases of sparsely 
populated area where the overflow necessarily requires 
frequent readjustment, the leaping weir seems to afford 
a valuable type of overflow, which, though not admit- 
ting of great accuracy in adjustment, is sufficiently so 
to give an approximation to the correct quantity; care 
being taken to err on the side of excess, and provide for 
rectification at the main overflow, as mentioned above. 


24255 Do you think that the point at which storm 
overflows should_come into operation should depend 
on the configuration of the land, e.g., whether it is hilly 
or flat, etc., and upon the character of the surface soil 
geologically ?—With regard to the point of dilution at 
which storm water overflows should come into opera- 
tion, I have no doubt that it is possible to discriminate 
to some extent between sewers having rapid and self- 
cleansing gradients and those which, owing to the con- 
figuration of the land, are of necessity flatter, with a 
velocity which does not reach the self-cleansing point 
until the sewer is half or more than half full, if at all, 
Jn sewers of the former type any deposit is rapidly 
removed with a comparatively small flow, while in the 
latter cases a sluggish flow may require a. considerable 
period at the maximum velocity of which the sewer is 
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capable. Flushing operations may in some cases neces- 
sitate the temporary raising of the overflow sill, so as 
to ensure that foul water shall not be carried into the 
river. Any variation from the general rule of dilution 
should only be made after careful observation of each 
case, and.much will depend upon the amount of atten- 
tion given to the maintenance of the sewers in a clean 
condition. I do not think that the geological character 
of the surface soil is a very important element in the 
question. A more important factor consists in the cir- 
cumstances of the district drained by the sewers; for 
example, whether mainly covered with impervious 
paving or with macadamised or gravelled roads per- 
mitting of rapid discharge, or on the other hand of a 
large amount of percolation. Experience at Manchester 
seems to indicate that each storm overflow should be 
the subject of careful supervision, and that the volume 
to be admitted to the intercepting sewer should be care- 
fully settled in each individual case. Wherever it is 
desirable for any reason to have movable overflows any 
alteration should only be made under proper authority, 


24256. Should storm overflows be fixed or movable? 
—As a general rule overflows should be fixed, except 
where the tributary sewer drains undeveloped land on 
which population is increasing. In such cases they 
should be capable of adjustment to meet changed condi- 
tions. In these cases also it is advisable that the over- 
flow sill should be fixed and the adjustment made in the 
size of the orifice admitting the defined quantity to the 
intercepting sewer. The last overflow on leaving the 
town at the upper end of the main outfall sewer should 
be absolutely a fixed one. These remarks refer to over- 
flows on the sewers proper, and not to any regulating 
chamber at the works as suggested under 24252, for 
the separation of the night storm flow for diversion 
into special settlement tanks. 


24257. Do you think the number of dilutions at 
which storm sewage may properly be allowed to pass 
into the stream should be dependent upon the size and 
nature of the stream into which the storm sewage would 
pass? Is it possible, for example, that in some circum- 
stances no injury to the stream would be caused by 
allowing overflows to come into operation when the 
increased flow was slight, while in others this would not 
be the case P—I think that the number of dilutions at 
which storm sewage may properly be allowed to pass 
into the stream may be to some extent made dependent 
upon the size and nature of the stream into which such 
sewage would pass. But the limits within which the 
number of dilutions may vary are, I think, in practice 
small. I am disposed to regard dilution by five volumes 
of rain at the time of maximum flow as the highest 
practicable economic limit for purification by most 
authorities, and at the same time the lowest consistent 
with the protectiow of the stream from putrescible and 
The latter is, I think, especially 
the case having regard to clearance of sewers after 
rain :— 

(1) In more or less level, low-lying districts, with 
sewers having flat gradients. 

(2) In thickly built up urban areas. 

(3) After long periods of drought. 


In the case of Manchester I regard each of these pro- 
portions as approximately true. It follows, therefore, 
that only under very special circumstances connected 
with the size and nature of the stream can these limits 
be materially varied. Such circumstances I should 
consider to be :— 


(1) Extreme disparity in volume, where the 
stream is small in proportion to the storm flow. 

(2) Deficient velocity in the stream, and its in- 
ability to carry forward suspended matters. 

(3) Delicate or imperfect regimen of tha stream, 
where the velocity! necessary for discharge of the 
water tends to become too great for the tenacity of 
the soil over which it flows. 

(4) Sinuosity of channel at or below the point 
where storm sewage would enter. 

(5) Use of the water for domestic purposes below 
the entry of the storm sewers. 

(6) Preservation of the stream for fishery pur- 
poses. 


As to (1).—Such cases may, and often do, arise where 
tae sewage is treated in the catchment area of a streain 
subordinate to the main river on which the town where 
the bulk of the storm sewage arises is situated. In 
such instances it will be found advantageous to deliver 
as much of the storm sewage locally as is possible, and 
if the stream is one which easily carries forward sus- 
pended matters and the separate system is applied as 
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far as possible, a diminution in the number of dilutions 
would be a practical possibility and an economic 
advantage. v ae 

As to (2).—Where these conditions exist it would 
seem that an increased volume consistent with the 
power of the stream to adapt itself to it without danger 
of flooding, etc., would be an advantage. But the 
storm sewage thus admitted should itself carry an 
amount of suspended matters well within the powers of 
the stream, and under such circumstances its admission 
in increased quantity would be helpful. 

As to (3).—Wherever a stream flows through lands of 
a gravelly or sandy nature, it is quite likely that the 
regimen is so delicate that the velocity cannot be in- 
ereased without great danger of increased erosion and 
consequent possible damage to adjoining lands in such 
cases. If the storm sewage be admitted at one point, 
care must be taken to approximate its velocity at the 
point of confluence to that of the stream. In this 
event the impounding of storm waters to be delivered 
after settlement, and at a gradual rate after rain has 
subsided, may be more important than an increase in 
the number of dilutions at which the storm sewage is 
allowed to enter the stream. 

As to (4).—It often happens that towns are built 
upon a stretch of river which pursues a very tortuous 
course through the built up area; on a site near the 
entrance to an estuary or low-lying land at the con- 
fluence with some other stream. It is also often the 
case that the sinuosity of the channel, accompanied by 
a reduced gradient, and confinement perhaps between 
banks lined with buildings limiting its discharging 
capacities, renders it only capable of delivering with 
difficulty the upland waters, and inadequate for receiv- 
ing safely a large volume of water from the streets and 
buildings through which is passes. In such cases the 
number of dilutions at which storm sewage should be 
allowed to enter the stream may be increased almost 
indefinitely and to an extent amounting to absolute 
interception of storm sewage from the stream within 
the town limits, and its delivery at a suitable point 
lower down the river, where it can be delivered free 
from danger. 

As to (5).—Where the water of the stream is used for 
domestic purposes the six to one limit of dilution 
should be enforced, and even increased with adequate 
filtration and settlement of all storm sewage before 
admission to the river. 

As to (6).—Where streams are under preservation for 
‘fishery purposes the removal of both putrescent and 
suspended matter is also important, and, as a general 
rule, I think the six to one limit for dilution ought to 
be maintained. 

24258. The city is not drained on the separate system, 
and you can therefore give no analyses of the road 
water separately ?—_No. 

24259. Do you consider that in certain circumstances 
the road water should be purified ?—I think that even 
if the “separate” system is installed the early flush of 
road water should be admitted to the sewers proper, 
and be purified with the sewage. Either the “ leaping 
weir,” as described in 24254, or storm water overflows 
of a special type may be employed for the purpose of 
separating a defined quantity. 

24260. What are your views as to the comparative 
cost and advantages of the separate and combined 
systems of sewers ?—I cannot say that, in my judgment, 
for the majority of urban areas at any rate, the 
“separate system” possesses any very material advan- 
tages as compared with the combined system of sewerage. 
The several conditions under which the alternatives 
may have to be considered seem to group themselves 
under four heads, viz. : — 

(a) Old towns and 

generally. ; 

(6) Residential districts and rural areas. 

(c) Cases where the whole of the sewage is pumped 

for treatment. 

(d) Tidal outfalls. 


Tn the case (a), embracing old towns and built up 
urban areas generally, I think the “ combined ” system 
possesses preponderating advantages. It is usually 
considered impracticable to carry out a duplicate or 
Separate system of sewers beyond the separation of the 
rainfall from street surfaces and the front slopes of 
roofs abutting upon the streets, which should be taken 
into surface drains, and that of passages, yards, and 
back slopes of roofs, which should go to the sewers 
proper. In this opinion I concur. Any attempt to 


carry out a double system in its entirety would only 
6225—Ap. I. 


“built up” urban areas 
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result in confusion and dislocation of both systems. I 
find that accepting this principle as a basis for com- 
parison of the two systems in the built up area of Man- 
chester the rainfall received by the surface water 
sewers and the foul water sewers under a “separate” 
system would be practically equal. In the out- 
side districts a somewhat larger proportion would be 
received by the surface water drains, and the 
average proportion would probably be 60 per 
cent. to the surface drains and 40 per cent. to the 
sewers. Assuming a typical area of 1,000 acres, with 
a population of 40 to the acre, and a sewage delivery of 
40 gallons per head, the volume of sewage at its time 
of maximum flow would be 266 cubic feet per minute, 
and the amount of rain required for a dilution of six 
to one would be 1,330 cubic feet per minute, equi- 
valent to :054 of an inch per hour on the whole area, 
assuming 40 per cent. of the fall to reach the sewers 
within the hour. Approximately, therefore, a fall’ of 
about 1-20th of an inch of rain falling in an hour, with 
40 per cent. or 1-50th of an inch reaching the sewers in 
the hour, would dilute the sewage to the extent of six 
to one. Under a combined system the whole of this 
would go to the sewers proper, and the excess up to any 
amount would be passed by storm overflows into the 
river. Under a separate system 60 per cent. would go to 
the surface water drains, and to that extent the foul 
water subsidiary sewers would be relieved. But it might 
reasonably be anticipated that 1-50th of an inch is, not 
more than ought to pass into the intercepting sewers 
as the “first flush,” which would be so foul as to re- 
quire treatment. Up to this extent, therefore, the inter- 
cepting sewers and the outfall works would obtain no 
relief from the “separate” system ; but on this point 
being reached, the surface water drains might be 
arranged to cease delivering into the intercepting 
sewers, and the volume received by the latter would 
be the sewage plus the proportion of rain due to 
400 acres of the drainage area or a dilution of about 
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three to one. It is evident, however, that beyond this | 


point the intercepting sewer must continue to take the 
rainfall from the limited area of 400 acres, as it falls, 
up to its maximum of five times the sewage ; and there- 
fore on the assumption of a dilution limit of six to one, 
the main outfall could not be appreciably reduced in 
size. The purification works, however, would be re- 
lieved as soon as the rain had passed its limit of 
"054 per hour, and such relief would continue up toa 
fall of -14 of an inch per hour, at which point the 
storm water overflows would come into action. 
Briefly, therefore, up to a fall of 1-20th of an inch per 
hour there would be no relief afforded by the rain water 
Sewers, owing to the “first flush” having to go to the 
outfall, and for all falls betwen 1-20th and 1-7th of an 
inch per hour the main outfall sewer would be relieved 
in varying degrees, while beyond the latter point it 
would be called upon to take the same quantity as if 
the “separate” system did not exist. There is no 
doubt that on a very large number of rainy days this 
relief would be a great advantage in rendering the 
works less liable to be flooded by heavy flows, and in 
Securing greater uniformity of treatment. It might 
be that in well-scavenged towns it would not be neces- 
Sary in practice to admit the full 1-50th of an inch 
from the surface drains to the main sewer, and if this 
were found to be so, the range of relief would be more 
extensive, but with a dilution limit of six to one for 
purification purposes the maximum would still be 
reached on the limited area, though much less fre- 
quently. And though it is universally admitted that 
the first washings from the streets and roofs are of such 
a character that they ought to be purified, their admis- 
sion to the intercepting sewer is not by any means 
free from difficulty and disadvantage. The “first 
flush” is always subject to very wide variation, both 
in volume and rate. _ Simple as the method of separa- 
tion by “ leaping weir” may be, it is clear that with 
surface drains of rapid inclination, if the separator be 
adjusted to a normal rate of slight rainfall, a sharp 
shower of short duration might conceivably carry for- 
ward the first downpour to the river, with practically 
all its polluting matters, and thus the method would 
fail in its object. It would therefore in all such cases 
be necessary to stop down the velocity to a very slow 
rate on approaching the separating chamber by 
flattening the gradient of the final length, or by im- 
peding its delivery by the use of an adjustable weighted 
valve on its outlet, or some similar method. The 
separation could be effected on a principle based on 
the usual overflow lines, but providing for the entire 
closing of the connection with the intercepting sewer 
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on reaching a defined amount. But it must be borne 
in mind that with any method for admitting the “ first 
flush”? a similar volume must be admitted as the in- 
tensity of the shower diminishes, which will be larger 
or smaller as the rain ceases rapidly or otherwise. 
There is, I think, no absolute method of separating an 
accurately defined amount as the “first flush,” nor in 
any case, which is even more important, of proportion- 
ing it to the character of the liquid flowing off, and 
with any method which maybe adopted the “ first 
flush” may be taken time after time during the day, 
although the first shower of the day may to all intents 
and purposes have left the streets and roofs in a fairly 
clean condition. In towns and built up urban areas 
the price to be paid for the relief I have described 
would be the cost of a duplicate system, practically 
co-extensive with the streets, which might be set down 
generally at about one-third of the entire cost of the 
foul water system of sewers. In Manchester, with its 
1,700 miles of streets and street sewers, such a supple- 
mentary and duplicate system, if now carried out, 
would cost as much as the entire interception system 
and main outfall sewer combined, and may well be 
regarded as prohibitive. 

(b) The second case, viz., that of residential districts 
and rural areas, offers greater advantages to the 
separate system. The roads are generally macada- 
mised, and their area, with opem space generally is 
much greater in proportion to that of roofs, yards, and 
buildings. Wiatercourses are probably frequent and 
suitable for reception of rainfall at many convenient 
points. Even the early delivery of showers is not so 
likely to be fouled by traffic as to require treatment, 
and free percolation would assist dilution. With the 
proviso that sufficient rain is admitted to keep the 
sewers clean, and that efficient flushing is adopted for 
the foul sewers, the extreme fluctuations in flow 
common in the towns can largely be avoided, and in 
many cases the dilution limit of six to one need never 
be reached. The advantages of this\are obvious. 

{c) In cases where the sewage must be pumped at the 
outfall the separate system shows to the greatest advan- 
tage. More especially is this the case where it must be 
collected and lifted locally at several points as under 
the “Shone” system, for concentration at the outfall 
ssewer. In the latter cases it is practicable to limit the 
volume as nearly as possible to the water fouled in 
domestic and trade operations, with the advantage of 
reducing the necessity for power to a minimum. With 
carefully scavenged roads, largely macadamised or 
gravelled, and with surface drains carried as far as 
possible within the curtilages of the properties, it is 
probable that the volume delivered at the outfall would 
rarely reach a dilution of three to one. But under cir- 
cumstances where the sewage is pumped at the outfall, 
it has been estimated by competent authorities that the 
construction of a duplicate system would entail an ex- 
penditure seven or eight times gxeater in amount than 
any possible saving in the outfall and power at the 
works. 

(d) In the case of tidal outfalls, there is no advantage 
to be gained by the adoption of the separate system, 
unless in those rare instances where the sewage is lifted 
so as to permit of discharge on a falling tide. 

Cost.—In my view it may be assumed as generally 
the case that a separate system will entail an increase 
of 55 per cent. in capital cost over a combined system ; 
and that the saving in either pumping or purification 
charges will not, where a fixed limit of dilution is in 
force, nearly compensate for the increased interest and 
sinking fund charges on the extra capital cost. 


It would appear that the separate and combined. 


systems can both be usefully employed, but that the 
conditions of various towns and districts are so divergent 
that it must rest with the engineer, after carefully 
weighing the circumstances of any particular case, to 
advise as to which of the two should be adopted. This 
was the conclusion recorded when the subject was dis- 
cussed at the International Congress of Hygiene and 
Demography when last in session at Brussels in 
September, 1903. 


24261. As regards septic tanks, how should they be 
shaped ?—I consider that a long rectangle in the direc- 
tion of the flow is, generally speaking, the best shape 
for septic tanks; as offering the best conditions under 
which the character of the effluent can be rendered com- 
pletely uniform. Beyond the zttainment of this end 
there is no object in unduly increasing the length in 
proportion to the width, and it is generally considered 
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that a disproportionate length of travel beyond certain 
limits becomes objectionable, particularly when the 
sewage has already become well broken up in its passage 
through a long outfall sewer. 


24262. Should septic tanks be divided into sections ? 
—-In my opinion septic tanks may well be divided into 
sections, so that any disadvantage arising from fluctua- 
tion in the amount of flow may be reduced to a mini- 
mum. 


24263. Should they be used in series or in parallel 2— 
I think that in order to secure uniformity in septic 
action throughout the body of the liquid, septic tanks 
should be used in parallel, in preference to being used 
in series. If used in series, the septic action 
in the final compartments is disproportionately less 
than that which takes place in the initial com- 
partments. It does not appear to me that a scum on 
the surface is absolutely necessary, and in tanks of 
wide unbroken area a scum may be undesirable, as under 
the action of the wind itmay be impossible to maintain 
the scum intact, and under such circumstances it is often 


_broken up and carried away with the effluent. 


24264. Should the septic tank be closed in, and, if se, 
what advantages does a closed tank possess over an 
open one ?—There seems to be no advantage in a closed 
tank over an open one as regards septic action, though 
something may be said in favour of the closed tank as a 
means of avoiding possible nuisance, and the sentimen- 
tal objection to the sight of an area of sewage water. 
In large tanks open to the action of the wind a covering 
has advantages in minimising surface disturbance, but 
itneed hardly Le said that these are the cases in which 
a covering is most costly. Covered tanks will cost fron. 
30 to 50 per cent. more than open ones. fas 


24265. What do you consider the best arrangement 
for the “feed” and “draw-off” ?—I think the best 
arrangement for “feed” is one in which the incoming 
sewage is admitted by dip pipes or valves delivering the 
sewage midway between the surface and the bottom. 
Such dip pipes should be numerous, and may in fact be 
arranged so closely together as to amount to a per- 
forated inlet wall at the low level. The admission of 
the water may, however, be controlled by a single inlet. 
valve on an intervening channel. The “ draw-off” 
arrangement should be a similar perforated wall, with a 
channel behind the outflow cell, the openings into the 
channel being at about one-fourth the total depth from 
the surface. I think these arrangements are of value in 
preventing distinctive ‘longitudinal currents through 
the body of the tank. 


24266. At what rate is sewage, as a matter of custom, 
passed through your septic tanks ?—Sewage is passe 1. 
through the Manchester septic tanks under normal can- 
ditions at an average rate of six inches per minute, but 
this velocity is, of course, subject to mcrease propor- 
tionate to any accumulation of sludge and to increase - 
volume during rain. The velocity at time of maximum ‘ 
flow during the active portion of the day is double that 
during the night at time of minimum flow, and 50 per 
cent. above that at time of average flow. 


24267. What is lhe most advantageous rate of flow 
through septic tanks, and what is the rate of flow at 
which quicker passage through the tanks becomes, in 
your opinion, distinctly disadvantageous? Why do 
you consider one rate more advantageous than another ? 
Do you think that the rate of flow should depend on the . 
strength or character of the particular sewage which is 
being dealt with?—Probably the most advantageous 
rate of flow through septic tanks is a rate at which the 
entire volume of the tank is changed once in 18 hours, 
or (with the Manchester tank) say 34 inches per 
minute; and when this rate is increased by accumula- 
tion of sludge and by increased volume, to 18 inches per 
minute, it would seem to me disadvantageous. There 
seems to be in all septic tanks immediately overlying 
the septic sludge a similar stratum carrying a large 
proportion of finely divided material in process of 
settlement, with which a very slight increase in the rate 
of flow is likely to interfere, the effect of such increase, | 
however, being within limits capable of adjustment in 
the length of the tank. It is for this reason that I 
think the rate of flow should be as constant as possible, 
and variation should be reduced to an absolute mini- 
mum within economic limits. The question of the rela- 
tion between the rate of flow and the strength or charac- 
ter of the particular sewage under treatment is a matter 
rather for a chemist than an engineer. 
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24268. Do you think a certain amount of sludge 
‘should be removed periodically from septic tanks, or 
do you prefer to work them for a consideable period 
without cleaning and then remove all the sludge? In 
the latter case how often would you clean out the septic 
tank ?—From my experience I consider that a certain 
amount of sludge ought to be removed periodically from 
‘septic tanks, and that it is not desirable to work them 
for a long period without a cleaning, and then remove 
all the sludge. In the latter case septic action is dis- 
continued, and has to be recommenced at the cost of a 
‘considerable loss of time. By the removal of sludge 
periodically this is avoided, and tanks can be kept in 
use for an almost indefinite time, and in no case should 
the accumulation of sludge be allowed to exceed 20 or 
"25 per cent. of the total depth of the tank. 


24969. How do you think the sludge should be taken 
out of the tank, and how should it be disposed of? 
Does any nuisance attend the operation ?—It has been 
found possible at the Manchester works to remove large 
quantities of sludge from the floor of the septic tanks 
‘through pipes or channels laid on the bottom, and 
without any disturbance of the supernatant water, the 
‘sludge thus removed containing about 87 per cent. of 
water. No nuisance whatever attends the operation as 
‘thus conducted, the successful employment of which 
would obviate the nuisance which to some extent at 
times is inevitable with the present objectionable 
method of using manual labour for pushing the whole 
of the sludge by means of “squeegees’”’ to the outlet 
valves. The sludge from the Manchester works is 
mainly taken direct to sea, but this method of disposal 
is, of course, only available in a limited number of 
eases. The method of disposal, whether by pressing, 
delivery in its crude state to land, or drying in lagoons 

to be dug out for agricultural use, must depend on the 
‘size and situation of the works in each particular case. 


24270. Do you find that the suspended solids coming 
away with thei tank liquors tend to increase in amount 
as the time approaches for removing sludge from the 
tanks ?—The suspended solids coming away with the 
‘tank liquor do tend to increase in amount as the time 
approaches for removing sludge; and this is my reason 
for advocating periodical removal, and for thinking 
that a stratum of 20 per cent. to 25 per cent. of the 
total tank depth is the maximum which should be per- 
mitted to accumulate. 


24271. What amounts of suspended solids, stated in 
parts per 100,000, are contained in your septic tank 
liquor at the commencement of the period of working 
the tank, i.e., just after the tank has been cleaned out, 
and at the end of period, i.e., when the tank is thrown 
out of use for the purpose of cleaning out, and what is 
the average amount?—I have no statistics on this 
point, which is rather a matter for the chemist. 


24272. Should any portion or the whole of the sewage 
which arrives at the outfall works in storm times be 
passed through the septic tanks ?—From my experience 
T should say that the sewage which arrives at the works 
jn wet weather may be passed through the septic tanks 
to the extent of one dilution with rain; beyond this 
T think the increased velocity is prejudicial. The veto- 
city is always double at least once for a certain period 
‘in the 24 hours, and wide and sudden variations are to 
‘be avoided. 


24273. If storm sewage is passed through a septic 
tank, does this cause an increase in the amount of sus- 
pended solids issuing from the tank; and, if so, can 
you give us figures (in parts per 100,000) showing what 
the increase is ?—This is rather a matter for analytical 
observations, which are not within my province, but I 
cannot conceive that the admission of storm sewage to 
a septic tank, with the increased velocity consequent 
‘upon it, can have any other effect than to increase the 
amount of suspended solids issuing with the tank liquor. 
This conviction would lead me to do everything possible 
within economic limits as to tank area to avoid varia- 
tions in speed. I am unable to say what such an in- 
crease would amount to. 

24974. May you admit storm sewage to your septic 
tank to an extent which raises the ordinary level of the 
liquid without serious detriment to the functions of the 
tank ?—-I have no personal experience on this point, 
but it would seem to me that such a course introduces 
a necessity for intermittent action, which is un- 
desirable. 

24275. With certain automatic gear the level of the 
‘liquid in a septic tank fluctuates. Have you made any 
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observations for the purpose of determining whether 
such fluctuations disturb the proper working of the tank 
in any way, as, ¢.g., by causing an increased amount of 
suspended solids to issue from the tank?—I have not 
made any observations on this point, but under ordi- 
nary dry weather conditions and within reasonable 
limits I have not hitherto considered such fluctuation 
prejudicial. 


24276. Have you data on the relative value of plain 
septic tanks and septic tanks filled with rough stones or 
flints?—Our tanks at Manchester are plain septic 
tanks, and I have made no observations upon septic 
tanks filled with rough stones or flints; but it seems to 
me that with the latter kind of tank the removal of 
sludge would be a most difficult and costly matter. 


24977. Do you find any nuisance from the treatment 
of sewage in septic tanks? Have any complaints been 
made ?—The Manchester tanks are very large, covering 
an area, of about 11 acres; but they are singularly frea 
from smell or nuisance, except possibly to a very slight 
extent when sludge is being cleared, and no complaints, 
so far as I am aware, have ever been made. 


24278. Do you think it desirable that the suspended 
solids in sewage should be removed as far as practicable 
before sewage is filtered? If so, what do you consider 
a practicable limit to get down to ?—It is desirable that 
suspended solids in sewage should be removed as far as 
practicable before the sewage is filtered, especially 
when the surface of the filter is not specially prepared 
with a layer of fine material. An endeavour should be 
made to approximate to 6 parts per 100,000 as a limit. 





24279. How can the removal of suspended solids best 
be effected P—I am in favour of subjecting tank liquor 
to treatment through a streaming filter before putting 
it upon bacterial filters, and where area is not re- 
stricted I believe upward filtration supplementary to 
tank treatment to be valuable.. But, whether upward 
or downward filtration be adopted, ample area and 
facility for cleansing is essential, as the filtering 
material, if efficient, soon clogs, and the volume passed 
rapidly diminishes. 


24280. Have you any experience of any mechanical 
device or any special tanks for freeing tank liquor of 


suspended matter before passing it on to filters?—At- 


Manchester the experiment of both upward and down- 
ward filtration in connection with the tanks was tried, 
but the area available was found to be totally in- 
adequate. 


24281. May I ask you to put before the Commission 
a full statement of your views as to the comparative 
cost and relative advantages of the various methods of 
settlement? I am not sure whether it would be possible 
for you to make this comparison on the assumption 
that in each case you reduce the same sewage down to 
the same figure for suspended solids, but if this could 
be done it would be useful to include a comparison on 
this basis ’—A comparison of the relative advantages of 
the several methods of settlement, on the assumption 
that in each case the sewage is reduced to the same figure 
for suspended solids, is rather the subject for inquiry 
by a chemist than an engineer. But as to the respec- 
tive advantages, apart from this basis of uniformity of 
results, the following observations may be of service :—- 

(1) Quiescent Settlement without Chemicals.—Sc 
far as my experience goes, quiescent settlement is more 
advantageous generally than the continuous method. 
A period of absolute rest, in which gravity is free to act 
on each suspended particle, is better than a conditiou 
in which it can only act simultaneously with horizontal 
movement of the body of water. But the method uf 
quiescent settlement is rarely adopted owing to the loss 
of fali involved by the necessity of drawing off the body 
of water at the low level—whereas in the continuous 
method there is no loss of fall, as the level of exit is 
the same as that of entry. Quiescent settlement with- 
out chemicals is slower than with chemicals in the 
proportion cf two to one, and the tank space required 
is therefore larger. The period generally considered 
necessary for quiescence without chemicals is two hours. 
The method is generally employed in connection with 
land treatment. An important advantage in the 
quiescent system consists in the fact that the discharge 
may ke arranged to be automatic by the adoption of 
comparatively simple methods, and the necessity 2f 
constant supervision thus obviated. Care must however, 
be taken that sludge is not permitted to accumulate 
to a depth that such suspended solids are drawn off with 


Mr. JB. 
Witkinaon. 





16 May 1905. 


Mr. J. G. 
Wilkinson. 





16 May 1905 





566 


the discharge. A point I wish to emphasise is that the 
use of tanks on the quiescent system where the level 

ermits, coupled with automatic apparatus for filling 
and discharging, affords the best and most accurate 
method for separating a defined quantity for treatment 
in tanks and filters, the excess beyond which can be 
readily passed to special storm tanks or storm filters. 
With un apparatus such as that referred to, the period 
of quiescence should be decided by the maximum rate 
of flow when diluted by rain, and if this be done the use 
of these tanks permits a longer settlement when the 
sewage is foul, the period being shortened as it becomes 
more dilute, with obvious advantages. 


(2) Quiescent Settlement with Chemicals.—In this 
case the disadvantage of loss of fall also applies. The 
quiescent period may be shortened to one-half the 
period necessary without chemicals. The sludge 
deposited will be greater in volume, and containing a 
greater proportion of water. 


(3) Continuous Flow Settlement without Chemicals. 
—This method I regard as most suitable for storm 
water and for weak sewage at time of minimum flow. 
It is usually employed in connection with land treat- 
ment, and where the available fall is limited. The time 
of transit through the tank when used for treatment 
of sewage should be four hours, and the number of 
tanks required would be more numerous than for either 
of the quiescent methods. As against the quiescent 
system, however, the continuous flow system is open, 
to the disadvantage that except with circular tanks and 
special apparatus the supernatant water must be drawn 
off to permit of removal of sludge, and pumped back 
into tanks for retreatment. There is, on the other 
hand, no likelrhood of injury being caused by the risk 
of drawing off sludge along with the effluent. 


(4) Continuous Flow Settlement with Chemicals.— 
This is the most widely adopted method where chemical 
precipitation is in use. The use of chemicals will 
generally lessen the period of stay in the tanks from 
four hours to two hours, and the tank liquor may be 
equally well purified on land or on artificial filters, 
either on the contact or continuous system. The 
average volume of sludge produced by this method will 
be about 20 tons to a million gallons, and the per- 
centags of water in the sludge is usually high. 


(5) Septic Tank Treatment.--The advantages of this 
method are the breaking down and liquefying of some 
portion of the organic matters and the reducing of the 
volume of sewage to a more uniform state for subse- 
quent treatment on either contact beds or continuous 
filters. A certain amount, varying from 15 to 25 per 
cent. of the organic matter, is dissolved in its passage 
through the tank. 


As to the question of nuisance, it is pro- 
bable that, so far as sewage is concerned, either 
quiescent or continuous settlement with chemicals, will 
involve the least liability to offensiveness, though 
covered septic tanks are probably equally free from 
smell, Nuisance arises more often in connection with 
sludge than sewage, especially during disturbance or 
remcval, and as the volume of sludge from chemica. 
treatment is somewhat greater, there may be more 
frequent removal necessary. All forms of tank treat- 
ment are equally liable to this, with the exception 
of covered septic tanks ; but in all cases it is possible 
by the adoption of suitable apparatus for removal to 
minimise the evil, avoiding the disturbance of the 
water, as in the various types of circular tanks, and 
also to some extent lessening the period of exposure 
to the air during the process of removal. Other things 
being equal, pressing is the most suitable method of 
dealing with sludge from chemical precipitation. 
Sludges from septic tanks or non-chemical sedimenta- 
tion are more suitable for land application. The sub- 
sequent purifications of the tank liquors will depend 
on the character of the sewage and its inter-mixture 
with trade effluents. The particular method to be 
employed in each case must rast with the chemist, who 
alone is competent to indicate the rules which should 


determine the choice of one method in preference to 
another. 


CoMPARATIVE Cost. 


Assuming a daily dry weather flow of 1,000,000 gallons 
of sewage per 24 hours, with a maximum rate of 
1,500,000 gallons per 24 houys, I estimate that the 
capital and annual cost of tanks and treatment re- 
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spectively for the several systems 


would approxi- 
mately be as follows :— 


Capital ‘Annuak 


cost. cost. 
£ £ 
1. Quiescent settlement without ey 
chemicals - - - - 1,750 550: 
2. Quiescent settlement with chemi- 
cals - - = - - 1,400 800: 
5. Continuous flow settlement with- 
out chemicals - - - - 1,400 550: 
4. Continuous flow settlement with 
chemicals - - - - 700 900. 
5. Septic tanks (covered) - - 5,500 500 
Do. (uncovered) - - 4,000 500- 


The initial cost of machinery for sludge pressing, 
buildings, etc., is assumed to be common to all 
systems, and does not affect the comparison. It will 
be observed that on this estimate the system of con- 
tinuous flow settlement with chemicals is lowest in 
point of capital cost and highest in annual cost, while 
septic tanks (covered or uncovered) are highest in point. 
of capital cost and lowest im annual cost. 


24282. As regards contact beds, is it advisable to 
construct the whole or any part of the interior of build- 
ing materials, or may you in some cases dispense with 
this entirely ?—I think that contact beds should, as a 
rule, be constructed with building materials, e.g., brick- 
work, concrete, etc., both as to walls and flooring. In 
some cases, where the ground is a solid impervious 
clay, where the site must be excavated to such an 
extent as to absorb expenditure which might otherwise 
be available for building materials, or where for other 
urgent reasons economy is of great moment, the beds 
may be formed in the natural strata. But in such 
cases the works should not be regarded as permanent 
works, and should be charged upon revenue or current 
rate rather than upon capital. 


24283, Do you find that within certain limits the 
depth of contact beds may vary without affecting their 
efficiency 7—Within certain limits the depth of contact 
beds may vary without affecting, their efficiency. Pro- 
bably 2ft. to 6ft. are permissible limits, dependent to 
some extent on the fineness of the material employed, 
the deeper bed should have material somewhat coarser 
as a Check on the tendency to consolidation. 


24284. What do you consider is the most convenient 
size for a contact bed ?—The most convenient size for 
a contact bed is such as will admit of the bed being 
filled in one hour at the normal rate of dry weather 
flow. The total area of beds, however, must always be 
divided into a sufficient number of units, due regard 
being paid to the maximum and minimum rates of flow 
the increased volume to be treated in wet weather, the 
necessity for rest, cleaning, repairs, etc. For facility 
and economy of working in the Manchester scheme the 
beds are enclosures, each containing a net half acre of 
filtering surface, but as they are grouped in pairs on 
either side of the common supply channel, and the 
filling centres are opposite each other, they are, when 
used together, to all intents and purposes enclosures 
of one acre each. 

24285. What do you find to 
materials? What is the material 
practicable quantity) that, while 
experience the least disintegrable in a contact bed 2—T 
think that the very best filtering material for contact 
beds, all things considered, is broken brick or stone, but 
these must be of the hardast character, as blue Staf- 
fordshire brick and the hard rock of the Yorkshire 
or Lancashire quarries. It is rarely possible, however, 
to provide these materials in sufficient quantity at 
reasonable cost, and the material which, while efficient 
is least liable to disintegrate in the bed, is hard, well. 
vitrified furnace clinker, which can bo had in prac- 
ticable quantity in all manufacturing neighbourhoods. 
In districts where stone quarries are numerous the 


quarry refuse, properly broken, is suitable and not un- 
duly expensive. 


24286. What size should the filtering material be, 


and should it be graded in the beds? 


—For prim: 
(first contact) beds I should employ a filtering Dd 


which will pass a two-inch and be rejected by a quarter- 
inch mesh ; and for secondary eds a misdae ome 
a one-inch and be rejected by an eighth-inch mesh. 
Grading the material in the beds inereases the cost 


be the best filtering 
(which can be had in 
efficient, is in your 
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considerably and without any corresponding advan- 
tage. The coarser material will in filling the bed 
always separate itself at the bottom, which may be 
‘covered with it to advantage, and it may be also piled 
up over the lines of the under drains. 


24287. How should the bottom of the bed be con- 
structed ?—The construction of the floor of the bed will 
depend to some extent on its shape and dimensions. In 
beds which take the form of a long rectangle, the 
bottom should be formed with a slope from side to 
centre, the main discharging drain being laid longi- 
tudinally down the middle with branches at suitable in- 
tervals on each side. For beds which are more nearly 
‘square, the plan adopted at the Manchester works seems 
to be more suitable, in which the under drains con- 
verge to a circular collecting drain on the centre of one 
side. For facility of working this gives a material 
advantage, as the supply and discharge valves for each 
pair of beds are near to and opposite each other. The 
floor of the bed should in all cases be covered with a 
sheeting of concrete, in which the drains may be re- 
cessed, covered with tiles which are flush with the con- 
crete surface. This permits of the bed draining itself 
absolutely clear while resting, a result never attained in 
«cases where drain pipes are laid on the surface of the 
floor. In the event of the material being at any time 
taken out and washed, this plan facilitates its removal, 
and admits of the floor being swept clean. 


24288. Do you think it generally desirable that sewage 
should be subjected to some form of tank treatment 
before it iis put on contact beds ?—I am not in favour ot 
putting crude sewage upon contact beds. Some form 
of tank treatment should be adopted ; but whether sedi- 
mentation, septic tank, or chemical precipitation, will 
‘depend upon circumstances. 


24289. What periods of filling, standing still, empty- 
ing, and standing empty do you consider best in practi- 
cal working for primary beds and for secondary beds ?— 
‘The following periods are those found in practical work- 
ing to be best for primary beds :—Filling, one hour ; 
‘standing full, two hours; emptying, one hour; stand- 
ing empty, the remainder of the period dependent on 
‘the number of times the bed is used in the course of 24 
hours. Where the beds are used for the purpose of 
dealing with part of the rainfall, the period of stand- 
ing full and resting should be curtailed in accordance 
with the increased number of fillings. Secondary beds 
may be filled and emptied more frequently, and the 
‘whole of the above processes shortened to a consider- 
‘able extent, so that where the depth of the secondary 
‘bed is the same as that of the primary one, the area 
may be very much reduced. Thus, if a primary bed 
‘occupies two cycles of 12 hours each, a secondary bed 
may very well be filled and discharged six times in the 
‘24 hours, or three times the above rate. This appears 
to be the utmost practicable limit for use as contact 
beds, and beyond this they may be used as streaming 
filters. ‘With the four hour cycle, the periods might 
be :—Filling, § hour ; standing full, 1 hour; emptying, 
+ hour; resting, 2 hours. The periods of filling and 
discharging will always be subject to modification 
according to circumstances, such as the age or fineness 
‘of surface, and the state of the body of the bed; for 
which no absolute rule can be stated. 


24290. How should contact beds be filled and 
emptied ?—I think there is no doubt that contact beds 
should be filled as far as possible evenly from above, 
and discharged in the same way from below. Lateral 
filling is not desirable. 


242914 Have you had any experience of automatic 
gear for filling and emptying ?—Automatic gear has not 
been used at the Manchester works for filling and emp- 
tying contact bedis on a working scale. In very exten- 
sive works, the varying condition of the bed surface as 
regards its permeability is sufficient to render the 
operation of absolutely automatic gear very uncertain. 
I drew attention to this point when these works were 
designed, and it has since been amply borne out in 
practice. Forms of automatic gear, too, which are 
effective and constant in operation for small works, be- 
come impracticable and unreliable if applied to beds of 
large area. The use of any automatic gear, if efficient, 
will necessitate fluctuations in the cycle, consequent on 
fluctuations in the flow; but I cannot say from experi 
ence whether this would cause a falling off in the 
effluent or tend to impair the beds. Within reasonable 
limits I should say not. I can say from experience that 
the fluctuation in the flow is not nearly so important a 
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factor as the varying state of the bed and bed surface. 
In large works, the main advantage of automatic gear 
can be secured, and uncertainty and complication 
reduced, by the adoption of a semi-automatic type of 
gear, in which the initial operation of filling is not 
dependent upon the automatic factor, but is regulated 
at will both as to time and rate according to circum- 
stances. The whole of the subsequent opera- 
tions of stopping the supply, controlling the 
period of standing full, and discharging the contents, 
are automatic. Inasmuch as it is in connection with 
the filling that difficulty is usually found to arise, 
human control is better applied at this point, and all 
the other operations may be absolutely automatic. 
Such a type of gear was tried at these works, and was, 
generally speaking, successful. An endeavour was also 
made here to secure the advantages of automatic work- 
ing without its disadvantages by the adoption of elec- 
trical control of the supply to the bed, the remaining 
operations being automatic. In this type of gear it was 
intended that the whole of the beds should be operated 
from one common centre, and thus be under complete 
control. This method, too, was demonstrated to be 
quite practicable, and was in use on one particular half- 
acre bed for a long period, being operated from the 
engine-room about 600 yards distant. It was even- 
tually found, however, that the apparatus was subject 
to derangement from the effects of ammonia and other 
fumes arising from the sewage, and its use was aban- 
doned. Both supply and discharge of the beds on the 
Manchester works is now regulated by hand, 

24292. Is the loss of capacity in contact beds in direct 
proportion to the volume treated, and the amount of 
suspended solids contained in the liquid which ils put 
into the bed, or to the fineness or coarseness of the 
material of the bed, or on what does it depend ?—In my 
opinion, the volume treated, the amount of suspended 
solids, and the grade of the material, are all factors 
in determining the rate at which a contact bed loses 
capacity. 

24293. Can the material of a clogged bed be washed : 
and, if so, how can this best be done, and at what cost 
per cubic yard ?—I have not had experience in washing 
the material of a bed on anything like a scale which 
would indicate the best method or the probable cost. 


24294. How can the capacity of contact beds be best 
maintained ?—(a) By allowing ample area especially in 
primary beds, so that the volume treated per cubic yard 
can be kept well within the power of the bed. (b) By 
reducing suspended solids in the tank liquor to the 
lowest possible point. (c) By maintaining a fairly fine 
surface as far as consistent with proper aeration, and 
giving constant attention to removal of deposited 
matter from the surface. (d) By regularity in resting 
periods. 


24295. What was the cost of your contact bed instal- 
lation per acre, and how much liquid do you treat per 
acre in ordinary times and in storm times ?—The cost 
of the first contact beds at Davyhulme has been £2.650 
per acre. We have at present no second contact beds. 
The primary beds are 3ft. 4in. deep. The cost of our 
storm water beds (which are to some extent used as 
single contact beds) has been £1,500 per acre. Their 
depth is 2ft. 6in. The volume treated per acre varies 
on both classes of beds. On the contact beds proper it 
has ranged from 300,000 gallons per acre per day to 
800,000 gallons per acre per day, and on the storm wa’ er 
beds from 200,000 gallons per acre per day to 500,000 
gallons per acre per day. 

24296. Do you find any nuisance from the treatment 
of sewage in contact beds? Have any complaints been 
made ?—We find practically no nuisance from contact 
beds, and I am not aware of any complaints having 
been made. ° 

24297. Have you had experience of continuous or 
percolating filters?—We have no continuous or perco- 
lating filters on the working scale at Davyhulme, and 
experience with them is confined to the experimental 
plant, as to which I am only in possession of such in. 
formation as is available in the published reports. 

24298. With regard to your answer to Question 24240, 
what is done with the contents of the pail closets or middens? 
—The Corporation of Manchester have large estates on the 
Mosses—i.e., the peat deposits of Lancashire. At Car- 
rington Moss they have about 1,100 acres, and at Chat 
Moss they have about 2,500 acres, and the solid refuse 
of the city is taken there and used agriculturally. 


24299. The municipal authorities remove it ?—They 
remove it, certainly. 
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24300. And probably there is no nuisance at all attach- 
ing to it ?—Nothing more than the passing nuisance in the 
process of removal. 


24301. Then on your reply to Question 24245 and the 
question of the storm overflows: at what rate do they 
come into operation ?—As a rule five volumes of rain to 
one volume of sewage. 


24302. Then in reply to Question 24242, you say that 
“the volume of sewagecoming to the works during the year 
is approximately from 12,000,000,000 to 13,000,000,000 
gallons. The amount passing away by storm overflows 
cannot be stated with any degree of accuracy.” Can 
you give any kind of approximate statement of that 
latter amount ?—I have prepared an approximate state- 
ment—I am afraid it is very approximate—but it is pretty 
much in this form. Ido not know whether I ought to go 
through the whole of it. One year’s average rainfall 
taken over three years in the Manchester area is 314 inches 
per annum. The proportion of rainfall reaching the 
sewers—I take it approximately at 50 per cent. That 
gives me, with an estimated rainfall over the whole area 
of 31 inches, 8,432,000,000 gallons. I take 50 per cent. 
of that, which is 4,216,000,000 gallons. I add to that the 
dry weather flow of sewage taken at an average of 
25,900,000 gallons per day for 365 days, which 
gives me 9,453,000,000 gallons. That amount of sewage 
and that amount of rainfall added together give me 
13,670,000,000 gallons of sewage and rain which ought to 
come to the works. The volume we actually receive at 


the works is 12,940,000,000 gallons, leaving a balance of: 


730,000,000 gallons approximately, which presumably 
passes over the storm water overflows. That is the 
nearest approach that I can give you. Shall I give you 
a copy of that statement. 


24303. We should like to have it, certainly. 


STATEMENT HANDED IN BY MR. WILKINSON. 
Manchester Sewage. 
Statistics re Overflows. 
Area of Manchester sewered (in- 
cluding portions of Stretford and 
Audenshaw) = - - - - 
Average rainfall for three con- 
secutive years - - - - 31.5 ins. 
One year’s rainfall on sewered area 8,432,943,750 gals 


11,800 acres 


Proportion of rainfall reaching ; 
sewers, say, 50 per cent. - - 4,216,471,875. ,, 
Volume of sewage received at 


sewage works in one year - - 12,940,200,000_,, 
Average daily dry weather flow :— 
Winter 
Summer an wiie - 
Average 25,896,000 gals. say 
Dry weather flow for one year= 


26,481,000 ,, 
25,311,000. ,, 
25.900,000 _,, 


25,900,000 by 365= - - 9,453,500,000  ,, 
One year’s rainfall, 50 per cent. 
reaching sewers - - -  4,216,471,875 ,, 


Total volume sewage and rain enter- 
ing sewers - - . - 
Deduct volume receive. at works 


13,669,971,875  ,, 
12,940,200,000 _,, 








otal volume passed away by over- 


flow for the year - - - 429,771,876 7, 





24304. How do you justify your estimate that only 50 
per cent. of the rain reaches your sewers ?—I arrive at it 
somewhat in this way. If you take a typical area of 
1,000 acres, and assume that it is popuiaxd at the aver- 
age rate for Manchester of 40 per acre, that would house, 
so to speak, 40,000 people. But you have to arrive at 
what is the probable proportion between the impervious 
surface from which water rapidly and fully reaches the 
sewers, and the absorbent surface from which probably 
none or a very small quantity of water reaches the sewers. 
Then I take the 40,000 people who would be housed upon 
the 1,000 acres in Manchester, and I take the congested 
parts of the city as a guide showing how closely the houses 
might be packed. together so as to give an area of abso- 
lutely impervious surface—if you follow me. We have, 
roughly speaking, a congestion of, say, 80 per acre, and 
500 acres out of the 1,000 at that rate would be occupied 
by houses and streets and yards which would send the 
water off to the sewers almost as enon as it fell, and of 
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course a very large proportion of it. I should therefore~ 
assume that that 500 acres would deliver 80 per cent. of 
its rainfall to the sewers and that the remaining 500 acres 

on a usually accepted basis, I should say, would not deliver- 
more than 25 per cent. Taking the 500 acres at 80 per~ 
cent., and the 500 at 25 per cent., you will find that re- 

garded as rainfall reaching the sewers, the average is: 
roughly speaking 50 per cent. It may be more—a little 

more; I would not say it is not; I madeit actually 52} 

per cent. when I came to go into the figures in that way. 

That is the only guidance I can give. A town varies very~ 
widely, even within its own limits, as to the absorbent. 
capacity of the soils and also as to the amount of ground 

allocated to gardens, cemeteries, parks and whatnot; 

you have to average the whole lot together. 


24305. Is the result, if we compare the quantity that 
goes to your works with the quantity that goes over the 
storm overflows, that whereas if the former is 100 the 
other is, so to speak, only about 5 or 6 ?—Thatis so: but 
if you compare the quantity of rain entering the sewers 
with the quantity going over the overflows, if the former 


_is 100, the latter is about 17. 


24306. We have had evidence of some cases where the- 
amount is enormously greater than that. In reply to. 
Question 24252 you say: “If a minimum addition of five 
volumes of rain be the lowest requisite as a dilutent inorder - 
to render storm water harmless before passing it into the 
river, it seems reasonable that the standard measure of 
dilution should be applied at the time of the maximum 
flow, when the foulness is greatest.”” From the engineer-- 
ing standpoint, would you consider that a larger amount 
than six times the volume could be brought to the works 
without any very serious extra expense. Could you, for 
instance, give the Commission an approximate idea as to. 
the percentage of the increased cost if the sewers were. 
made to take twelve times the volume instead of six 
times ?—I think a dilution of five volumes of rain to one. 
volume of sewage is the highest practicable econom- 
ical limit for public bodies. To take our own 
ease, for instance. The Manchester main outfall! 
after the last overflow is capable of delivering six times. * 
the maximum rate. The maximum rate being given at 
37 millions gallons a day, the main outfall sewer after 
the last overflow is capable of delivering at a rate of 222 
millions a day, which is six times the maximum rate. 
If we were, as you suggest, to continue our main sewer 
undiminished in size from above the overflow down to the. 
works, we should have to construct, roughly speaking,. 
I suppose, a couple of miles, say 3,500 yards of the en-. 
larged sewer in addition to the one that we have, and that. 
might make a difference of probably £50,000. _ I ought to 
say that our main outfall sewer above the overflow is. 
capable of taking, roughly speaking, about ten times. 
the maximum flow. 


24307. (Stir William Ramsay.) In your reply to Question. 
24260, you say that the surface water drains might be 
arranged to cease delivering nto the intercepting sewers. 
is that difficult to carry out ?7—I do not think so. At 
the time I wrote that paragraph I had in mind an 
arrangement of Mr. Hewson, the City Engineer of Leeds,. 
which I came across some years ago, in which he pro- 
posed to close the orifice to the intercepting sewer 
entirely after a certain volume had been reached. 


24308. Would that require to be done by hand ?—No, 
it would be automatic. 


24309. It could be done automatically ?—Yes, it could. 
be done. 


24310. There would require to be a great many. 
automatic valves ?—There would have to be at least 
one arrangement at every overflow. 

24311. How many would that mean in a town like. 
Manchester ?—Something over 200. 


24312. But it would be quite possible to do it ?—It- 
would be quite possible to do it, but I ought to point out. 
that you would have to have the same thing on the down, 
grade as you have on the up grade of the storm, so to. 
speak. 


24313. Quite—that is to say they would open again ? 
—yYes, they would open again when the storm got down. 
to a certain point; they would continue to deliver an 
increased quantity on the down grade of the storm. 
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24314. But there would be no objection to that,would 
there ?—No, except the increased volume at the works. 


24315. Indeed, as the storm is dying off, I suppose the 
effluent is less noxious ?—It is less noxious, I think so. 


24316. Then also in yourreply to Question 24260, you say 
that there is no absolute method of separating an accurately 
defined amount as the first flush ? You would require, if 
such a plan were adopted, to arrange that these valves 
should shut at some time after the first flush had taken 
place. You want to collect the right flush at the sewage 
works, do you not ?—Yes, the first flush ought to be 
collected. 

24317. Then you would give a pretty wide margin be- 
fore your valve would shut ?—Yes. I would always act 
on the side of excess rather than of defect, so far as was 
consistent with the safety of the intercepting sewers, of 
course. 

24318. Then in reply to Question 24279 you speak, of a 
streaming filter. What is meant precisely by that? I 
think we understand, but I want to have an accurate 
description ?—By a streaming filter I imply a mechanical 
filter—downward filtration acting on the principle of a 
water-works filter or otherwise. 

24319. Feeding the liquid to be filtered into the 
filter at one end and out at the other, or would you dis- 
tribute it ?—Distribute it over the whole. 


24320. It would be a very coarse filter, I suppose ?— 
Yes. 

24321. With coarse material?—Our storm water 
filters at Manchester are really streaming filters. The 
water can be poured on, and as fast as the water is poured. 
on it flows away, having passed through the body of tho 
bed. 

24322. The filter is kept full all the time I suppose ? — 
The filter is kept full. 

24323. In your answer to Question 24281, you make an 
interesting statement. You say, “ Quiescent settlement 
without chemicals is slower than with chemicals in the 
proportion of two to one.” Have you data obtained 
at Manchester to settle that question ?—No, not at Man- 
chester. That is a statement in accordance with my 
own practice if I were designing works on either of those 
two systems. 

24324, It is a very valuable point to know that you 
can really halve the capacity of your tank by chemicals ? 
—Yes. 

24325. You increase the sludge, but you halve the capa- 
city ?—Yes. 

24326. I notice that you put the cost of septic tanks 
covered &nd uncovered not very far from each other. 
You give £5,500 in the case of covered tanks, and £4,000 
in the case of uncovered tanks, and the cost for upkeep 
is about the same. I should have thought the covered 
tanks would have cost a good deal more than the odd 
£1,500 out of £5,500 ?—To arrive at those figures I took 
out approximate quantities, and those were the results 
I came to. In my reply to 24264, I have give: 30 to 
50 per cent. as the excess cost of covered tanks over 
open ones. 

24327. Would that be a heavy concrete roof or a mere 
scaffolding ?—A steel girder roof, similar to the ordinary 
light fire-proof flooring. 

24328. I was thinking rather of the plan at Exeter— 
of a heavy concrete roof ?—Thrown into arch form ? 


24329. In arch form ?—Yes. 


24330. You would not think that necessary ?—I do 
not think so. 


24331. That is what ma¢ 







; me wonder ?—TI think the 
expense would be prohihjive in the case of very large 
tanks. With very large tanks your supports would take 
up a considerable proportion of the bulk of the tank. 

24332. You would require the support of pillars ?- - 
Yes. On the system of covered surface reservoirs prac- 
tically. 

24333. You refer pretty often in your answers to auto- 
matic gear. I want to ask a question as regard automatic 
gear. Can it be trusted; does it not want more super- 
vision than hand labour ?—I think that by far the great 
majority of forms of automatic gear are open to that 
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objection. They want looking after to see that they 
do work automatically, so to speak. 


24334. That is what I thought ?—They are useful for 
small works where you cannot afford a constant service 
of even one man. 


24335. (Major-General Carey.) In reply to Question 
24252 you say, “In my judgment the requirement of 
dilution by storm water up to a maximum represented 
by one volume of sewage to five volumes of rain is a 
reasonable one for purposes of special filtration, two 
volumes of the mixture being dealt with in the ordinary 
plant and four volumes on storm water filters.” Is that 
on the basis of the maximum recorded dry weather 
flow ?—Yes. 


24336. Further on in the same reply you say, “I am 
of opinion that in all local overflows the actual observed 
maximum and not the average rate of flow should be the 
determining factor for dilution.” Do you consider that 
the actual observed maximum flow should be the basis for 
determining the number of dilutions in every scheme of 
sewage disposal for large as well as for small areas; do 
you think it can be made applicable throughout ?—I 
would not propose to apply that rule where the observed 
maximum is the result of the discharge of condensing 
water or water which was more or less pure. I would be 
governed by circumstances in a case of that kind for 
instance. With regard to large and small works I think 
the proportion of two volumes in the one case to four 
in the other is a reasonable one. 


24337. On the maximum flow ?—On the maximum 
flow. 


24338. Per diem ?—I think so. 


24339. Further on in the same reply you say, ‘ ‘rhe 
best alternative in a gravitation scheme would be the 
provision of duplicate or multiple inlet to the works 
proper in connection with a regulating chamber,” ete. 
Would not the provision of duplicate or multiple inlets 
to the works proper in connection with a regulating 
chamber be far too elaborate an arrangement to be left 
to the discretionary management of small local autho- 
rities, although it might be perfectly feasible for a first- 
class county borough ?—Yes, probably it would be. I 
should not be disposed in the case of small authorities 
te leave very much to discretion. But of course I had 
in mind—having been so much associated with: Man- 
chester—the cases of large works. 


24340. And you have not regarded the general appli- 
cation ?—No, not so much. Again I ought to say that 
in modelling the latter part of that answer I had in mind 
what I think is the great desirability of limiting as far as 
possible the variations to the septic tanks. That is the 
conclusion to which I have come personally. 


24341. In reply to Question 24255 you say, “‘ Experi- 
ence at Manchester seems to indicate that each storm 
overflow should be the subject of careful supervision, and 
that the volume to be admitted to the intercepting sewer 
should be carefully settled in each individual case.” I 
absolutely agree, but would that be settled by the authio- 
rity subject to the approval of a central authority or of 
some other supervising authority ?—I think that the 
local overflows should be controlled by the subordinate 
authority, and that the main overflow—the last overflow— 
which absolutely defines the volume to be sent to the 
works and treated, should be the subject of control by 
the central authority; that is my view. And I also 


‘think that, wherever possible, this last overflow should 


be provided with a suitable meter and self-reccrding 
apparatus, so that the volume can be regularly re- 
corded, and dcetails furnished, if required, by the 
central authority. 


24342. I think you have already answered the point 
as to the extra cost which would have to be incurred in 
consequence of the alteration of the basis from the actual 
dry-weather flow to the maximum daily flow ?—Yes. 

24343. There would be an extra cost, owing to the 
additional volume of sewage that would have to be 
treated ?—Yes. 


24344. (Mr. Stafford.) In connection with the com« 
parative cost of these different systems as given in your 
answer to Question 24281, apparently the cheapest sys- 
tem is the treatment of sewage in open septic tanks? 
—That is the cheapest. 
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24345. It works out the cheapest, taking the life of 
these works at, say, twenty years ?—Of course, I should 
say that the estimate of cost is for tank treatment. 


24346. For the treatment set down in your answer ?— 
Yes, quite so. 


24347. But is it also the most efficient, do you think ?— 
Well, that opens up a very wide question. I should say 
that all round it is the cheapest, as compared with 
efficiency—I think so. I think you will get an equal 
amount of efficiency for a les: cost, if I may put it in 
that way. 


24348. It certainly is the cheapest system ?—Yes, 
certainly it is the cheapest system ; and I think it is 
the cheapest pro rata with efficiency. 


24349. If you were asked to design a system of sewage 
purification for a small population where the question of 
cost came in, and was a very necessary one to consider, 
and you were treating a purely domestic sewage, what 
system would you recommend—assuming that there 
was no pumping—for a population of that description. 
say, of asmall town situated on the sea, and you were able 
to put your domestic sewage straight into the sea ? What 
system would you recommend, in such a case ?—I think 
I should recommend the ordinary septic tank as we know 
it, supplemented by either double contact beds or perco- 
lating continuous filters with a subsequent filtration of the 
effluent. 


24350. Would you think it necessary to have double 
contact in connection with a sea outfall, where there was 
no question of shell fish ?—Well, I have a case in mind 
where single contact with a septic tank has not proved 
quite satisfactory, even with a considerable concession as 
regards the effluent. 


24351. Would you, under any circumstances, allow the 
local authority to, or suggest that they should put the 
septic tank effluent into the sea without any further 
treatment—to put it im direct ?—Something would 
depend, in that case, on the point at which you deliv- 
ered it. If it were anything in the nature of a land- 
locked harbour, or anything of that kind, I certainly 
should not propose such a thing; I think in that case 
there ought to be some form of supplementary treatment. 


24352. But if there was a fair scouring of the tide, 
would you ?—And an outward current—I think perhaps 
in such a case as that it might be reasonable, but it would 
have to be under only the very best conditions. 


24353. But you would, in certain conditions, allow that ? 
—Just as I think there are conditions where there is no 
danger of contaminating shell fish, so there are places 
where the conditions are of the very best where you can 
deliver screened sewage. I think those cases are very 
rare. 


24354. Yes. Now take the same case and apply it to a 
tidal river: what system would you advise there ?7—On a 
tidal river I think you ought to adopt pretty well the 
full measure of treatment which you would apply inland. 


24355. On a tidal river ?7—I think so. Of course, 
something depends on how far up or down the tidal river 
the works might be. 


94356. Then the question arises: what would you adopt 
inland ?—Exactly what I have described as the septic 
tank, double contact beds or fairly deep continuous 
filters, followed by subsequent filtration—sand filters or 
something of that kind. 


24357. That is assuming t:e river is used lower down 
as a drinking water ?—Yes. My view is that all places, 
with rare exceptions, should apply adequate treatment 
to their dry weather flow. Beyond this, varying ¢oi- 
cessiots might be made, ranging from tctal exemption 

.on tidal waters under prop.r con-itions, to a full 
measure of storm water treatment on inland strcams. 
Manchester is carrying out its present works to obviate 
pollution of the estuarial waters of the Mersey. 


24358. (Colonel Harding.) On the point of the com- 
parative cost of settlement raised by Mr. Stafford, I would 
like to ask you a question or two. You have given us 
certain figures as showing the comparative cost, in your 
reply to Question 24281 ?—Yes. 

24359. Comparing, for the monfent, only settlement 
with chemicals with septic tank settlement, itis necessary, 


MINUTES OF EVIDENCE : 


is itnot,in order to get at a single figure of comparison, to 
capitalise the annual cost. What is the number of years 
that you reckon in such calculations—thirty ?—Well, yes, 
I suppose so; I should take from twenty to thirty. In 


some cases I should take the one and in some cases the: > 


other. 


24360. Suppose, for the moment, we take thirty. 
Taking the cost which you give for settlement with 
chemicals the annual cost of which is £900, multiplying ~ 
that with thirty, we get £27,000 ?—-Yes. 


24361. If you add to that the capital cost which you put 
down as £700 that gives you a figure of £27,700, does it 
not ?—Yes, £27,700. 


24362. If we take the figure for the uncovered septic 
tank we have a larger capital cost, and a smaller annual 
cost. If we multiply the annual cost of £300 by thirty, © 
we get £9,000 ?—That is so. 


24363. If we add to that the capital cost of £4,000 we 
get a total of £13,000 ?—That is so. ; 


24364. So that really the two figures £27,700 for chemi-_. 
cal settlement and £13,000 for septic tank settlement are. 
comparative figures ?—These are comparative figures 
as near as I can give them. It makes an extraordinary 
difference i, admit. 


24365. One is about one half of the other ?—Yes. 


24266. But must we not take other matters into con-~ 
sideration also in comparing the two processes. For 
instance in the case of chemical precipitation, aithough 
the cost of precipitation itself is shown to be double, there 
has to be considered that very little suspended matter goes 
forward to the filters and that therefore the cost of filtra- 
tion will be censiderably less ?—That is so. 


24367. On the other hand with the septic tank treat- 
ment so much suspended matter goes to the filters that: 
the cost of filtration will be relatively more ?—Yes, _ 
that would be so. As I remark I have not taken that — 
aspect of the matter into account. ; 


24368. But it is necessary to take it into account ?— 
Yes. Ina full review of the comparison it would be. 


24369. So that we must not look at the figures whick 
you have given us as by any means determining the cost ? 
—Only so far as the tank treatment is concerned. 


24370. The other is necessarily connected with it f 
—-Yes. 


24371. Now iet us go back to the question of storm 
waters. If the total volume of your dry weather flow - 
treated during the whole year is represented by the figure 
100, what do you suppose would be the increased. figure . 
representing the dry weather flow plus the treatment o 
five volumes of dilution ?—If the total volume which 
comes to our works is so much—— 


24872. No. If the total amount of your dry weather 
flow is represented by 100 for the whole year, what would 
be the figure for the dry weather flow plus five dilutions, 
taken for the whole year ?—Our dry weather flow daily 
may be taken at 26,000,000 gallons. 


24373. That gives you 9,500,000,000 gallons for the 
year ?—Roughly speaking that is so. 

24374. If you dealt at Manchester with six volumes, 
what do you suppose to be the total volume that you 
would deal with; would it not be somewhere about 
13,000,000,000 or 14,000,000,000 gallons ?—Yes, I should 
say it would be. 

24375. Is it a point to which you have given any per- 
sonal attention 7—As to what volume we should actually 
have, supposing we treated it at the rate of six volumes ? 


24376. Yes ?—I do not know that I have gone into it so. 
closely as to arrive at an absolute figure. 


24377. Lasked Dr. Fowler that question,and he gave it as 
his opinion that the relative figures would be 150 and 100 ; 
that is 100 for the dry weather flow and 150 for the dry 
weather flow plus five volumes ?—That is practically our 
figure of 13,000,000,000 gallons—9,500, gallons plus 
50 per cent. would be roughly from 13,000,000,000 to 
14,000,000,000 gallons. 


24378. May I put it in another way. Do you think 
that the 13,000,000,000 gallons which actually comes to 
your works represents roughly six volumes of the dry 
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weather flow ?—I think it does. In accordance with 
the statement that I have put in we receive actually 
13,000,000,000 gallons and we send 700,000,000 gallons 
over the overflows, which presumably do not act until there 
are five dilutions. 


24379. That is another point to which I am coming. 


You are able to say that you think an addition of five - 


volumes at times during the periods of rain represents for 
the whole year the treatment of about 50 per cent. more 
than the dry weather flow ?—Probkably it does. 


24380. It is a very interesting question for the Com- 
mission to consider. What would remain to go into the 
stream untreated if all the local authorities dealt with six 
volumes, that is to say with five dilutions. We are under 
the impression that treating five dilutions, that is six 
volumes of dry weather flow—would not be by any means 
treating the whole of the storm sewage, but that there 
would be a great quantity going into theriver by the over- 
flows. Iama little staggered by what you tell us that in 
the case of Manchester, when you deal with the six volumes 
you deal practically with the whole of the storm water, 
because what goes over the overflows into the river beyond 
that is quite insignificant, namely 729,000,000 gallons in 
the whole year ?—That is what I have arrived at 
as the probable figure. I think that the period during 
which overflows are supposed to act and the conception 
of the volume which really goes over them is really very 
much exaggerated. 


24381. After carefully considering this matter you say 

to the Commission that you believe that at Manchester, 
when you have dealt with six volumes of the dry weather 
flow you have dealt with practically all the storm waters, 
and that what goes into the river by the overflows is 
_ quite insignificant ?—I do not think it will be considerable. 
- , 24382. But you suggest that it is quite insignificant, 
_ namely 729,000,000 gallons in the whole year ?—Two 
million gallons per day. 


', 24383. Which is less than one-tenth of the dry weather 
flow ?—That is so; that is after you have passed the six 
volumes dilution. 


_ 24884. You do not hesitate to express that opinion ? 
—That is my opinion, and [ have reason to think it well- 
‘founded. The rainfall diagrams for 1903 and 1904, one 
of which was a very wet and the other a very dry year, 
show ‘that the rate of ‘06 of an inch per hour was 
exceeded in Manchester during an average of 924 hours 
per annum. At the same time, the sewage flow diagrams 
show that the maximum rate of 156 millions was 
exceeded during 90 hours per annum. The one is thus 
confirmatory of the other, and it seems clear that during 
those years the overflows only acted during 1°05 per 
cent. of the total time, also that the action was produced 
when the rain exceeded a rate of 06 per hour. The 
observations of the late Mr. Santo Crimp on_ the 
London sewers in 1890 and 1891 were very much in 
accord with this. He found the percentage of the total 
time to be 1°90 ; but the London sewers were designed 
to take less storm’ water than the Manchester sewers, 
and hence the overflows would act more frequently. In 
either case the time of action is very short, and though 
of course this affords no guidance as to actual volume, 
yet it has some bearing on the question. _But the rain- 
fall diagrams for 1903 and 1904 further show that the 
total rain on the Manchester area, over and above a rate 
of ‘06 per hour (the presumed overflow limit) averaged 
1000 million gallons per annum. When a deduction is 
made for the volume not flowing off to the sewers, this 
figure does not differ widely from the 730 millions ; 
especially bearing in mind that pro ratio a_ larger 
quantity flows off on the heavier falls than on the lighter 


ones. L.-am justified therefore in thinking that the | 


volume given is likely to be fairly correct, and that the 
quantity passed to the streams over a 6 to 1 dilution (on 
the average flow) may be taken at about 10 per cent. of 
the total fall, and about 20 per cent. of the fall reaching 
the sewers. But there is room for much more extended 
observation on the subject : on which available inform- 
ation is somewhat meagre and obscure, so that absolute 
figures are not possible. 

24385. You make a suggestion that the amount of 
storm water that should be dealt with should be calculated 
on the basis not of the average daily flow but of the 
maximum daily flow ?—Yes. 


24386. But according to your view there will be scarcely 
anything in the way of overflows if you are going to take 
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ifon the maximum ?—If ‘you are going to take it on the 
maximum we shall undoubtedly have an increased volume 
at the works beyond what I have said, the 50 per cent. 


24387. No; taken on the maximum ?—We take it on 
the average. 


24388. No. According to what you have been telling 
us there are only about two million gallons a day that 
go over the overflows ?—But our overflows are fixed to 
the average. 


24389. Then the calculation is based on the average ?— 
That is so. 


24390. If you are going to base your volume of storm 
dilutions upon the maximum you will not be able to deal 
with much more because the volume that passes over 
your overflows is so trifling that there will not be the stuff 
to deal with if you base it on the maximum ?—Of course 
if we base it on the maximum we shall have to raise our 
overflow sills. 


24391. As so little goes over now when it is based on 
the average it will make very little difference, will it ?— 
Of course it may not make a very wide difference. We 
do not know precisely, you see, what is the aggregate 
length of the storm showers that come. 


24392. Do you really think it worth while to fix it on 
the maximum. You point out that when you base it on 
the maximum it really means that when the minimum 
is flowing you are dealing with twelve volumes, and at 
such times there is less impurity so that it really mean 
twenty-four times ?-—-That is so. 


24393. You suggest that yourself ?—Yes, for purposes 
of comparison. 


24394. Seeing that that is so, and that the volume 
of sewage to be dealt with is so large, is it not desirable 
to base it on the average and not on the maximum ?— 
If it is right that dilutions should be carried to the point 
of five or six to one as I have pointed out at the time of 
the niaximum flow if your overflows are set to the average 
you are passing sewage away with a dilution of only three 
to one. 


24395. But when the minimum flow is on you are 
passing into a dilution of twelve to one ?—Yes. 


24396. You must set one against the other ?—Yes ; 
you must accommodate yourself to both. 


24397. In Manchester six times your dry weather 
flow means 156 million gallons that you would be dealing 
with ?—On the average. 


24398, Six times your maximum flow is 222 million 
gallons ?—Yes, that is so. 


24399. The difference between those two figures which 
you would have to treat at times is very considerable. Is 
it financially practicable to do it ?—These figures only 
represent, the rate for a time which may be only a couple 
of hours or even less. My investigations would lead me 
to conclude that with overflows edjusted to tke 
maximum instead of the average, the add_tional vo!ume 
of rain admitted to the sewers would not ke more than 
250 milions per ennum, or about one-third of the 730 
millions, and about 6 per cent. of the total rain 
supposed to reach the City sewers. This would repre- 
sent about 2 per cent. of the annual volume of water 
now going to Davyhulme.—TIf, as in my reply to 24252, 
the subso 1 water were al'owed ‘or at tle final overflow, 
this exczss Wou'd be reduced to about 120 millions. 

24400. We are to take it that in your view and in 
the conditions which obtain in Manchester you think it 
practicable financially for Manchester to deal with 222 
million gallons rather than with 156 million gallons ?—For 
a limited time. I cannot conceive it right—if a limit of 
dilution is desirable at six to one, it does not seem to me 
to be right to reduce it to three to one. 

24401. I should be disposed to agree, as to the 
necessity from the point of view of preventing impurities 
going to.the river; what I want to get at is how far itis 
practicable for a local authority to carry out so large a 
responsibility. You think from your knowledge of 
Manchester that it is practicable ?—I think it is prac- 
ticable providing it is done somewhat on the lines I have 
indicated. 

24402. Do you claim that there may be left to thg 
authority the large discretion which you mention 6, 
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modify that on their own account ?—In the night flow, 
yes, when the sewage is below the average. 

24403. If you call upon them to treat the dilutions 
based on the maximum, at times of the minimum you 
must give them a large discretion ?—Yes. 


24404. That is rather dangerous from the administra- 
tive point of view, is it not. Would it not be simpler to 
base it on the average flow and let it be a constant condi- 
tion ?—Our observation goes to show at Manchester that 
at times with the overflow set to the average you do get a 
fearfully foul liquid. Another thing which struck me at 
Manchester and which I could not account for until I 
came to consider this question was this; we found that 
some of our overflows acted even in dry weather. 


24405. That is due to the subsoil water ?—The acces- 
sion of a large volume of trade refuse when the sewage is 
on is very serious. 


24406. That would be a very exceptional condition, 
would it not ?—I think it is, at any rate it does happen. 
I was puzzled to account for it until I found out that 
with the overflow set at the average the dilution of the 
maximum may very easily be attained by the simple 
addition of an extra amount of manufacturers’ refuse. 


24407. In connection with the removal of sludge from 
septic tanks I am interested to see that you recommend 
that it should be done frequently with a view to main- 
taining a constant capacity in the septic tanks ? —Yse, 
I think it ought to be done regularly. 


24408. You say that at Manchester you find it quite 
practicable to remove from the floor of the septic tank 
or perhaps the channel laid at the bottom a certain por- 
tion of it frequently ?—Yes. I may say in connection 
with that answer that sometime back about the beginning 
of March we did remove about 250 tons in the course 
of an hour from the floor of a flat-bottomed tank, and it 
was returned as containing 87 per cent. of water, so that 
that was fairly stiff sludge. 


24409. I suppose that what you do is to open the 
valves and let the sludge run out until it appears to be 
coming all thin and then to stop it ?—Yes. 


24410. And as an engineer you suggest that thay is 
quite practicable ?—Yes, it is. 

24411. In your answer to Question 24263, you express 
a preference for septic tanks in parallel ?—Yes. 


24412. On the other hand, you say that the septic 
action in the final compartment is proportionately 
less if they are worked in series ?—I think it would be. 


24413. Is not that rather the point that you are ‘aiming 
at in Manchester. Dr. Fowler told us that by having a 
sort of final compartment of a septic tank from which 
you could remove more frequently the suspended matter 
accumulating on the floor you would get less suspended 
matter in the effluent. Is not that rather an argument in 
favour of having the tanks in series ?—-I have not thought 
so hitherto. But I have always understood that Dr. 
Fowler’s idea in regard to the final compartment and 
the removal of sludge from it was really a question of the 
removal of the so-to-speak worked-out sludge ; that is to 
say, sludge which was mainly inorganic and had not so 
much bacterial life in it. That is what I have always 
understood to be his reason. 


24414. In your answer to a later question you suggest 
that other things being equal the pressing of sludge is 
the most suitable method of dealing with it ?—Yes. 

24415. Have you any experience of the burning of 
sludge cake ?—No, not from close experience, but I 
have been at several places where it has been done. I 
visited the works at Ealing some years ago, where they 
burnt it in a crude condition. 

24416. What do you mean by a crude condition ?— 
It was simply delivered with ashes into a destructor 
furnace and burned as sludge. 


24417. Without being first pressed into cake ?—Yes. 


MINUTES OF EVIDENCE : 


24418. Have you any reason to think that the burning 
of sludge cake would give rise to any appreciable nuisance ? 
—I have always been under the impression that at Ealing 
they found it necessary to put in a special cremator 
to dispose of the fumes. Unless you had a very tall. 
shaft I am afraid it would. 


24419. You think it would be quite practicable to 
deal with it in that way by burning ?—It would be 
quite practicable to deal with sludge cake by burning. 


24420. Do you think that destructors can be so 
arranged as to burn the cake without producing any more 
nuisance than the action of an ordinary destructor dealing 
with town refuse ?—I do not think my knowledge would 
enable me to make a comparative statement as to how 
much nuisance would be likely to arise from the burning 
of sludge as against the destruction of ordinary dry 
refuse. 


24421. Would you not be inclined to think that it 
would be less—that the burning of sludge cake would 
give rise to less nuisance than the burning of garbage ?— 
I should think it would be less than the nuisance caused 
by the burning of garbage, but whether it would give 
rise to less nuisance than the burning of ordinary dry 
street sweepings and that sort of thing I do not 
know. I should think that in that case it would be 
rather the other way. 


24422. Would you consider the burning of sludge 
cake to bo a practicable solution of the sludge difficulty 
in places inland where they are not able to put it upon 
land or to send it out to sea ?—I doubt whether it would 
be any better than pressing it. 


24423. But when you press your sludge you have an 
enormous quantity of pressed cake and the question is 
what is to be done with it. I suggest that it may be 
burnt ; and I ask whether you think that is practicable ? 
—Do you mean in preference to putting pressed cake on 
the land. 


24424. Yes ?—I have not thought whether it would 
be worth while going to the expense of burning it, because 
it would involve additional expense undoubtedly. 


24425. You have not really gone into the financial 
side of the question ?—Not as regards a comparison of 
those two methods. 


24426. But you do not think it would give rise to a 
nuisance, so far as your experience goes ?—I do not 
think it would give rise to a nuisance, but I think that 
the best place for pressed cake is the land. 


24427. Would you suggest in what way it should be 
applied to the land. Take an authority producing 150 
tons of pressed cake a day; how would they apply it to 
the land ?—The difficulty is with the seasons. 

24428. Yes ?—That is the only difficulty so far as I 
know. 

24429. That involves that in certain seasons of the 
year you must store your cake until it-is wanted ?— 
That is so. 

24430. And does not the storage of the cake involve 
a greater nuisance than the burning of it ?—No, I do not 
think stored sludge cake is really offensive from my 
experience of it; it may be possibly in wet weather, but 
in dry weather I do not think it is. 


24431. But you have no experience to enable you to 
express an opinion as to how much land might be necessary 
to take up say 100 tons a day of pressed cake ?—No, I 
could not say that. I may say that the estates of the 
Corporation at Carrington and Chat Moss absorb the 
solid refuse of the City ,in the shape of nightsoil, 
sweepings and garbage at the rate of about twenty tons 
per acre per annum, and at the same rate, of course, some 
1,800 acres would be required for 100 tons per day of 
sludge cake. But I should think suitable land would 
take more than twenty tons per acre ; perhaps double that. 
amount even on grass land, and very much more on 
arable land if ploughed in. 
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SEVENTY-EIGHTH DAY. 
Wednesday, 17th May, 1905. 


PRESENT. 


The Right Hon. the Eart of IppEsLEIGH (Chairman), 
presiding. — 
Major-Genera] ConsTANTINE Pureps Carey, C.B., R.E. 


Colonel T. W. Harprna, J.P. 
Sir Witi1am Ramsay, K.C.B., F.R.S. 
Mr. T. J. SvarrorD, F.R.C.S.L, 


Mr. F. J. Wixxis (Secretary). 


ALSO PRESENT. 


Dr. A. C. Houston. 
Dr. GEorRGE McGowan. 


Mr. G. B. Kersuaw. 
Mr. C. C. Frye. 


Mr. Gzuorce Retp, M.D., D.P.H., Medical Officer of Health, Staffordshire County Council, called in; and Examined. 


24432. (Chairman.) You have prepared a statement 
which we will take as read ?—Yes. Many of the ques- 
tions submitted to me by the Commission have reference 
to specific sewage disposal works, and, as my experience 
is derived from various sources, I propose to confine my 
answers to such questions as have a general application, 
refe ring to my knowledge of particular works only in so 
far as may be necessary in support of my opinions and 
conclusions. 

SEWAGE, i 

Question 19. Do you find that the trade effluents inter- 
fere with the process of purification by reason of their 
quality, variations in composition, fluctuations of volume 
or otherwise? If so, would you kindly tell us what your 
difficulties are ? 

As regards trade effluents, those of which I have had 
most experience are the following :— 

(a) Acid waste from galvanising works. 

(B) Brewery waste. 

(c) Chemical waste from works for the recovery of 
ammonia trom gas liquor. 

(a) As regards acid waste from galvanising works, two 
liquors have to be considered, namely :—(1) spent acid, 
and (2) wash water. 

Tn certain eases, such as Birmingham, where the volume 
of acid waste is trifling compared with the volume of 
sewage, it is found to be practicable to deal with the 
sewage containing both spent acid and wash water by 
ordinary methods, but in several cases in Staffordshire 
—Wolverhampton for example—where the proportion 
of such waste to sewage is very much greater, special 
methods of treatment, and certain restrictions as to dis- 
charging into the sewers are found to be necessary. 4 

In such cases, as regards spent acid, t'1e manufacturer 
should, in my opinion, be called upon t> treat it before 
discharging it into the sewers, but in the case of wash 
water, no special treatment need be enforced, provided 
the manfuacturer gives an undertaking not to discharge 
such liquor in bulk at considerable intervals, but more 
or less uniformly throughout the day, and also consents 
to the works being inspected by responsible officers of the 
authority from time to time at reasonable hours. 

Even under such conditions, however, the sewage in 
certain cases will not be amenable to trestment entirely 
on biological lines, but must be neutralised ty the addition 
of lime, followed by treatment in precipitation tanks, 
as a preliminary to further disposal by land or artificial 
filters. 

This, of course, involves dealing with a large amount of 
wludge, as in the case ot ordinary sewage when chemically 
treated. 

It is not desirable that even treated waste pickle or 
wash water should be di:scharged into a stream direct; 
fazilitie , therefore, shold ia all cae: be afforded for 
discharging such waste into sewers after treatment to 
the required extent and under the conditions suggested. 

According to Mr. Jones, the county analyst of Stafford- 
shire, the proportion of free acid in wash water compared 
with waste pickle is, roughly speaking, about one-tenth, 
but in volume the former is probably four or five times 
greater than the latter. 

When the acid used ‘s hydrochloric acid the pickle 
contains from 1,000 to 2,000 grains per gallon of free acid, 
and from 5,000 to 7,000 grains of iron. In the case of 
sulphuric acid waste pickle the amounts are from 1,200 
to 2,000 grains free acid, and from 7,000 to 9,000 grains 
iron. 


Wash water, on the other hand, contains from 150 to 
200 grains per gallon free acid, and from 50 to 150 grains 
iron. 


Mr. George 
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siderable quantity in sewage, while such sewage is 
amenable to bacterial treatment throughout, probably a 
high class effluent can only be obtained by means of a 
deeper filter than is usually found necessary; or, better 
still perhaps, by double filtration through shallower filters. 
The nuisance resulting, however, from septic tank effluvia, 
or from sludge disposal if chemical precipitation is the 
method of preliminary treatment adopted, is so great 
that in the case of sewage disposal works situated in 
close proximity to dwellings, special precautions must 
be adopted to counteract it. 

_ As an example of this nuisance difficulty, I may mention 
the sewage disposal works of Stone, an urban district in 
Staffordshire, with a population of about 6,000, where 
brewery waste constitutes nearly two-thirds of the sewage 
flow. In this case the existing works (chemical precipita- 
tion and polarite filtration) are inadequate in themselves ; 
but, apart from that, the nuisance experienced, especially 
in the summer months, by residents within 250 yards of 
the works is considerable. 

By means of an experimental plant, I was able to 
show that, so far as actual disposal of this sewage was 
concerned, septic tank treatment, followed by double 
filtration through filters each 3 ft. 9 in. deep, would give 
satisfactory results, but, having regard to the situaton 
of the works, I advised the Authority that the adoption 
of special precautions would be necessary in order to 
prevent nuisance from smell. The remedy I suggested 
was the covering of the septic tanks and the cremation 
of the gases evolved, the effluent being conveyed to the 
filters in closed pipes and, applied by movable distributors, 
rather than by sprays ov troughs, to insure that the 
smallest possible area of tank effluent should be exposed 
to the air. 

(c) As regards ammoniacal liquor waste, if present in 
considerable quantity, it is impracticable to deal with 
the sewage by any known process, owing chiefly to the 
high oxygen-absorbent property of such sewage. Also, 
the effluent, in itself, is poisonous to fish life. This I 
found, to be the case at Oldbury, where the ammoniacal 
waste equals about one-tenth the dry-weather sewage 
flow, and the Staffordshire County Council obtained 
an Order in Court against the District Council in con- 
sequence. In this case, had it been necessary, the County 
Council were prepared to show that the waste in question 
could be dealt with at a reasonable cost, if not at a profit, 
before being discharged into the sewers: 

Question 24. Does the strength of sewage vary very much 
from hour to hour or on different days of the week, and, if so, 
do these variations affect the quality of the final effluent to 
a marked degree ? 

So far as the varying strength of sewage from hour to 
hour and on different days of the week is concerned, I 
have no data to enable me to answer this question, but, 
while I have no doubt the strength does vary considerably, 
in the absence of trade waste in considerable quantity 
in the sewage, I do not find from my numerous records of 
analyses that the quality of the effluents varies materially 
if the works are efficient in every respect. 

Question 25. How do you think “ strength” of sewage 
as affecting purification is best expressed or measured? 

I think the best indices of the “strength” of sewage 
from a disposal point of view are the albuminoid ammonia 


Mr. George 
Reid, M.D. 
bee Jake 
17 May 1905. 


574 


and oxygen absoroed figures, but [ nave previously given 
evidence on this point. b- 


Storm WATER SEWAGE. 


T have already dealt with most of the points under this 
heading in my previous evidence, but as the questions 
now put are more detailed and specific, I desire to 
supplement certain answers I then gave. . 

Question 29. Do you-find that the amounts of suspended 
sulids are increasedor. diminished in times of storm; and 
can you give the Commission the figures at the end of each hour 
during a storm of some hours duration? — 

Ihave not got sufficient data to enable me to express a 
very definite opinion as to the effect of rainfall upon the 
amount of suspended solids from hour to hour, 

My practice in recording systematic analyses of sewage, 
sewage effluents, and river waters, is to note the rainfall 
in the particular locality the day before, the week before, 
and the month before the date of collection of the samples ; 
also, in the case of streams, I record the approximate 
flow at the time of collection. ‘ 

On looking through my records, which are very numer- 
ous, extending over a period of fifteen years, the im- 
pression I form is that in populous towns, rainfall, 
especially following a dry period, has the effect of 
greatly increasing the suspended solids, while in the case 
of less populous places, where the street traffic is not so 
great, this is not the case. 

As bearing upon this question, I have prepared a 
table showing the suspended solids, albuminoid am- 
monia, and chlorine figures under different conditions of 
rainfall in* the case of three Staffordshire streams, in- 
dicating also the volume of flow in each case. (See 
Table I.) 

In selecting from my records the three streams in 
question for this purpose, I had regard to the population 
draining into each, and the relationships between sewage 
flows and the normal flows of the streams. I have also 
indicated inthe last line of the table the approximate 
flows of the streams at the time of collecting the samples. 

This table may be looked upon as supplemental to the 
table I prepared for the purpose of my evidence on a 
former occasion. 


Question 31. What is the character of the liquid part 
of the sewaye in storm. times ? 

Bearing upon. this question, the figures set forth in 
Table IL. may prove of interest, as showing the degree to 
which the suspended solids in sewage add to the im- 
purity of the liquid. It is true that the samples in ques- 


tion were taken from streams. but they were highly- 


polluted streams, in fact it may be said that during dry 
weather the volume of sewage compared with stream 
water amounted to from one-fourth to one-half, so that 
from this point of view, the samples may be looked upon 
as sewage diluted to the extent indicated. 

Question 41. Do you consider that in certain circum- 
stances this liquid (road drainage) should be purified ? 

The road drainage in the case of populous towns, where 
the natural outlet is into small streams, is certainly 
highly polluting, and I think it would not be unreasonable 
to require in*such cases that the liquid should be sub- 
jected to at least partial subsidence before being discharged 
into a stream. 


SETTLEMENT BY SEDIMENTATION ALONE. 


Thave had but little experience in the preliminary treat- 
ment of sewage by sedimentation alone, the method in 
the case of nearly all the works of which I have know- 
ledge being one of the following, viz., chemical precipita- 
tion, septic tank treatment, primary filtration, and contact 
beds. 


CHEMICAL PRECIPITATION. 


Question 53. Have you had any erperience as to the 
chemical precipitation of sewage ? 

[ have had considerable experience as to the chemical 
precipitation of sewage. 

Question 54, Have you any reason to think that sewage 
from which the solids have been removed by the aid of chem- 
ivals is less easily purified by subsequent filtration than 
sewaye from which the solids have been removed by setile- 
ment or by passage through septic tanks ? a 


I am satisfied that sewage from which the solids have 
been removed by the aid of chemicals, is, if anything, 
more readily purified by subsequent filtration, than 
sewage from which the solids have been removed by 
settlement or passage through septic tanks. 


MINUTES OF EVIDENCE: 


In certain cases, as I have afready indicated, for ex- 
ample, when the sewage contains galvanisers’ waste, 
chemical precipitation is essential. 

In Table IV. the results of filtration after chemical 
precipitation will be seen in the case of Lichfield and 
Wolverhampton, and on an experimental scale in the case 
cf Tipton. 

Question 55. Have you tried various chemicals ? Can 
you yive any comparative data on the practical value and 
cost of different precipitants for the preliminary treatment 
of sewage, stating whether you are referring to the precipi- 
tation of strong or of weak sewage ? 

My experience has been mostly sonfined to ‘‘ alumino- 
ferric 2 and lime as precipitants, but of course in the case of 
sewages containing galvanisers’ waste, lime only is neces- 
Bary. 

I cannot give any comparative data with regard to the 
cost. of different chemicals. ‘“‘ Alumino-ferric,’2 being a 
proprietary article, is costly, and I do not think that the 
results obtained are better than those from sulphate of 
iron (with lime), which is much cheaper. 

‘* Alumino-ferric ’. in cakes is convenient in the case of 
small works, where, if it be placed in cages in the sewage 
channel, little attention is necessary. 

Question 56. What as the most effective way of adding 
chemicals ? 

The most effective way of adding chemicals is in soluble 
form. 

Question 57. 
from your precipitation tanks ? 
the sewage remain in the tanks ? 

In Table III..I have. given the mean figures of my 
analyses of typical chemical precipitation tank effluents 
in this county, the capacities of the tanks, population, and 
dry-weather flow of sewage, &c., being given in each case. 

Question 58. What is the character of the suspended 
matter in such liquor ? 

I have not made any special analyses to show the 
character of the suspended matter in chemically pre- 
cipitated effluents. : 

Question 59. Js tt necessary to add further chemicals 
to the,sludge. before tt canbe dealt with ? If so, for what 
reasons, and what chemicals are used and how are they 
added. ? - 

It is the usual practice to add lime to the sludge in cases 


What is the average analysis of the liquor 
What length of time does 


_ where it is treated in filter presses, owing to the mechanical 


difficulty arising from clogging of the cloths if lime is not 
added. pn | : 

The addition of lime not. only facilitates the process but 
enables a drier and firmer cake to be formed. : 

In the case of Wolverhampton, the lime, slacked and 
screened, is introduced slowly into the sludge ram while 
it is: filling, and washed down by liquor from the filter 
presses, the quantity added being from 0°4 to 0°5 ewt. per 
ton of pressed cake. 

Question 60. What is the manurial value of the sludge 
obtained by the chemical precipitat:on of sewage, and will 
farmers take it ? 

I believe the manurial value of siudge obtained by. the 
chemical precipitation of sewage is very small. Farmers, 
as a rule, will undertake to remove the sludge, but they 
generally refuse to pay anything for it, although in some 
cases 1s. a load is paid. 

Question 62. Do you find any nuisance from the treat- 
ment of sewage in chemical precipitation tanks? Are com- 
plaints. made ? 

So far as treatment of the sewage in the tanks is con- 
cerned, little or no nuisance need be experienced, pro- 
vided the sludge is remcved at short intervals; the dis- 
posal of the sludge, however, is frequently attended with 
nuisance to persons living in the locality, but this is a 
question which will be dealt with later on. 


SEptic TANKS. 


Question 63. How should septic tanks be shaped ? 

Septic tanks should, J think, be longitudinal in shape. 

Question 64. Should they be divided into sections ? 

There is no need, in my opinion, to divide septic tanks — 
into sections, unless in cases where separate detritus tanks 
are not provided, in which case a section cf the septic 
tank should be utilised for such a purpose. 

Question 65. Should they be used in series or in parallel ? 

I think septic tanks should be used in parallel, 
— Question 66. Is.ascum necessary or desirable ? 

In my opinion, the formation of a scum is not necessary, 
and it appears to be immaterial whether such is formed 
or not, 


: 





ROYAL COMMISSION ON SEWAGE DISPOSAL, 


Question 67. Should the septic tank be closed in, and if so, 
what advantages does a closed tank possess over an open one ? 

I do not think there is anything to be gained by closing 
in a septic tank, except in cases where, from its situation, it 
may give rise to nuisance, calling for special precautions as 
regards ventilation and, possibly, the cremation of the 
offensive gases. 

Question 68. What do you consider the best arrangement 
for the “ feed” and “ draw-off” ? 

Both the “ feed ” and “ draw-off ” should, I think, be by 
means of a submerged inlet and outlet extending along the 
whole width of the tank. : 

Question 70. What is the most advantageous rate of flow 
through septic tanks, and what is the rate of flow at which 
quicker passage through the tanks becomes, in your opinion, 
distinctly disadvantageous ? Why do you consider one rate 
more advantageous than another? Do you think that the 
rate of flow should depend on the strength or character of the 
particular sewage which is being aealt with ? 

The question of the rate of flow through septic tanks 
is one concerning which further information, the outcome 
of practical experience, is desirable. Personally, I think 
that in the case of ordinary domestic sewage, the usual 
tank capacity of 24 hours dry weather flow may be con- 
siderably reduced, say to from 14 to 16 hours. 

Question 71. Ts it possible to “‘ over-septicise”’ a sewage, 
and if so, for what reasons and how is the “ over-septicising ” 

rought about ? 
s Whi'eI have hadro experience of the treatment of over- 
cepti-ised effluents, I can quite understand that the nitrifi- 
bation of such might present difficulties. Certainly, from 
the point of view of possible nuisance, it is desirable that 


the septic process should be cut short as soon as may be* 


found to be practicable. 


Question 73. Do you think a certain amount of sludge - 


should be removed periodically from septic tanks, or do you 
prefer to work them for a considerable period without clean- 
ing and then remove all the sludge ? 

I think that septic tanks should be worked for as long a 
period as possible without removing the sludge, that is, if 
adequate accommodation has been provided for the deposi- 
tion of the detritus. 

Question 74. In the latter case how often would you clean 
out the septic tank ? 

I think a septic tank should be worked without cleansing 
until such time as its available capacity is materially 
diminished by the collection of sludge. 

Probably this period will be governed by the quality of 
the sewage, but, as a case in point, I may mention that I 
have known a tank to be in continuous use for three years 
without showing any need for emptying, and on being 
emptied at the end of that period, merely to ascertain the 


_ actual amount of sludge then in the tank, it was found that 


the deposit was really immaterial. 

Question 75. How do you think the sludge should be 
taken out of the tank, and how should it be disposed of ? 
Does any nuisance attend the operation ? 

As septic tanks need only be emptied at long intervals, 
a portable pump would answer the purpose, the fluid part 
being pumped back into other tanks in use, and the sludge 
pumped on to land. 

The character of the sludge from a septic tank is 
such that no nuisance arises from its disposal. 

Question 78. Should any portion or the whole of the 
sewage which arrives at the outfall works in storm times be 
passed through the septic tanks ? 

I am not prepared to answer this question ; it can only 
be answered, by careful observations being made on works 
which have various sized tanks relative to the dry weather 
flow. 

Question 82. Do you find that septic tank liquor is more 
easily treated on filters than settled sewage or than precipitated 
sewage, assuming that in each case you have the same amouni 
of suspended solids in your tank liquor ? 

Relatively speaking, chemicaliy precipitated sewage 
is in my experience so free from suspended matter that I 
have no data enabling me to say whether it would be more 
or less amenable to treatment than septic tank liquor or 
settled sewage supposing it contained an equal amount 
of suspended solids. I am satisfied, however, that in 


| practice chemically precipitated sewage i: more readily 


dealt with by subsequent filtration than either of the others 
because of the comparative freedom from suspended 
solids, while, at the same time, sufficient septic action 
has taken place during the process of precipitation. 

Question 83. Are the impurities in solution in sewage 
materially different from the impurities in solution in septic 
tank liquor ? 


I think that a material reduction in oxidizable organic 
matter in solution takes place by septic tank treatment. 

Some idea of this may be gathered from the figures of 
analyses of the sewage and septic tank effluents of Hanley 
and Pelsall, set forth in Table LV. In the case of Tividale, 
on the other hand, it would not be wise to draw any con- 
clusions, a+ the figures relate to only one sample of sewage, 
which could not be taken as the standard of comparison 
with the mean of the fiv2 samples of septic tank efflucnt. 
In considering this matter in the light of the figures ] have 
referred to, it is true that the analyses in all cases were 
made after shaking the samples; still, the reduction in the 
organic impurity in the tank effluents is far greater than 
could be accounted for by the removal of suspended solids 


effected by the tank. 


Question 84. Have you any dita on the relutive vilue of 
(a) plain septic tanks, and (b) septic tanks filled with rough 
stones or flints ? 

I have not got sufficient data to enable me to express a 
very positive opinion regarding the value of plain septic 
tanks as compared with such tanks filled with rough stones 
or flints, but from the experience I have had, I am strongly 
inclined to the opinion that the latter tanks have no 
advantage over the former. 

Question 85. Do you find any nuisance from the treat- 
ment of sewage in septic tanks? Have any complaints 
been made ? 

Uf the septic action is continued longer than is necessary, 
any nuisance which may exist is intensified, and, in any 
case, the distribution of septic sewage on filters, if the 
works are situated near dwelling-houses, is likely to cause 
nuisance, although the risk is greatly lessened by adopting 
a distributor which exposes as small an area of tank 
effluent to the atmosphere as possible. 


TANKS IN GENERAL. 


Question 86. Do you think it desirable thut the suspended 
solids in sewage should be removed as far as practicable 
before sewage is filtered? Jf so, what do. you consider 
a practicable limit to get down to ? 

1 certainly think that the suspended solids in sewage 
should be removed as far as practicable before filtration. 
A practicable limit in the case of a septic tank effluent 
should, in my opinion, be from five to eight parts per 
100,000, and in the case of a chemically precipitated 
effluent, from two to three parts. 

It will be seen from the records of suspended solids in 
the case of the examples given in Table No. IV. that all 
came within these limits. 

Question 87. How can the removal of the suspended 
solids best be done ? 

Undoubtedly the best way of removing suspended 
solids is by chemical precipitation, but, of course by 
such a method, the question of sludge disposal becomes 
more difficult, and, together with the provision of 
chemicals, adds considerably to the cost. For this reason, 
and ir view of the fact that the suspended solids in septic 
tank and primary filter effluents do not render the sewage 
ircapable of final purification, there is no need toe use 
chemicals under ordinary circumstances. (See also 
answer to Question 123). 

Question 88. Have you any experience of any mechanical 
device or any special tanks for freeing tank liquor of sus- 
pended matter before delivering it to filters ? 

I have had no personal experience of any mechanical 
device for freeing tank liquor of suspended, matter, but in 
Derbyshire straining by means of upward-flow filters has 
been adopted, I believe, with advantage, and at the 
Birmingham Tame and Rea District Sewage Dispo al 
Works, tanks on the Dortmund principle have lately been 
under trial with this object. 

Question 89. What other (tf any) method of dealing with 
tank liquor before delivering it to filters do you regard aa 
necessary or advisable ? 

Personally, I am of opinion that chemically precipitated 
sewage can with impunity be dealt with in fine-grain filters, 
and in the case of septic tank effluents, provided the 
suspended, solids do not exceed the limit I have suzgested, 
no difficulty need be experienced from treatment on 
similar filters. 

In the practical working of such filters, it would seem 
that the suspended solids are held back by the top layer 
of the filter where they are digested and all that is 
necessary to prevent clogging, so long as the filter is not 
overtixed, is that the surface shall be periodically forked 
and raked. 

Question 9). May I ask you to put bzfore the Com- 
mission a full statement of your views as to the comparative 


575 


Mr. George 
Reid, M.D., 
D. Polis 
17 May 1905. 


576 MINUTES OF 


Mr. George cost and relative aavantages of the various methods of settle- 
Reid, M.D., 


Ly baeds 


17 May 1905. 


os 


ment. I am not sure whether it would be possible for you 
to make this comparison on the assumption that in each 
case you reduce the sewage down to the same figure 
for suspended solids, but if this could be done it would be 
useful to include a comparison on this basis. 

The only methods of sludge removal concerning which 
experience enables me to form an opinion are continuous 
flow settlement with chemicals, primary erobic filtration, 
and septic tank treatment. As regards the first mentioned, 
apart from the cost of the chemicals and the difficulties 
incidental to sludge disposal, I certainly think it has 
advantages over the other two methods. 

With reference to primary -robic filtration, the advan- 
tage of such treatment is the freedom from nuisance 
attending the further disposal of the effluent, but as it is 
frequently impossible to provide the necessary increased 
fall, to avoid pumping the sewage the adoption of septic 
tank treatment is usually indicated. 


Contact BEps. 

My experience of the working of contact beds led me, 
eight years ago, to discard that method of treatment as 
being far inferior to treatment by continuous percolating 
filters constructed of fine particles. In my opinion, to 
obtain anything approaching the stanuaard of effluent 
by contact as can be obtained by filtration, double con- 
tact, after septic tank treatment, is essential, and to 
arrive at a corresponding result, something approaching 
twice the total cubic capacity of the beds is necessary 
in the former case as compared with the latter. More- 
over, the tendency to clogging in the case of contact beds 
is greater than in the case of filters. The former, there- 
fore, have to be rested more frequently and for longer 
periods, and periodically it becomes necessary to empty 
the beds for cleansing purposes—a necessity which 
with legitimate working, has never arisen in my experience 
in the case of filters in which the filtermg medium is 
satisfactory and of fine grade. Apart also from the 
chemical quality of the effluents, I invariably find that 
a contact effluent is dirtier in appearance than one from 
a fine-grain filter. 

Some engineers recommend single contact after septic 
tank treatment, in cases where suitable land is available 
—a plan which, I think, has nothing to recommend it. 
In fact, if land filtration is to be the method of effecting the 
final changes, and the land is suitable, there is no need for 
further preliminary treatment beyond that of chemical pre- 
cipitation, or septic tank treatment, and the introduction of 
single contact as an intermediary process is a waste of 
money. On the other hand, if suitable land of sufficient 
area is not obtainable, full bacterial treatment should be 
provided, although there may be cases in which land, while 
not sufficient for dealing with the entire sewage flow, may 
prove useful if held in reserve for storm sewage or made 
use of for treating a portion of the dry weather flow. 


ConTINUOUS OR PERCOLATING FILTERS. 


Question 121. What do you find are the best filtering 
materials, and wnat size should the material be ? 

In my opinion any hard non-friable material of irregular 
shape and not too smooth a surface, and one which is not 
liable to disintegrate is satisfactory as a filtering medium. 
Among such may be mentioned gravel, shingle, granite, 
blue bricks, saggers (a hard-baked clay, the discarded 
broken utensils in which potters’ ware is packed for firing), 
clinker, coke, coal, &c. Ashes, on the other hand, are not 
satisfactory, owing to their friable nature. In Stafford- 
shire a trial is now being made of selected furnace slag, 
such pieces as are porous or honeycombed being rejected. 
I am not yet in a position to say whether this material will 
prove permanently satisfactory and at present I should 
hesitate to advocate its use in view of possible chemical 
disintegration, especially if small-sized particles are used. 

As regards the size of the filter particles, I am most 
de: idedly of opinion that the smaller the grade compatible 
will aeration of the filter the better. In my experience 
the most effective size is }in. to lin., but, on the ground of 
economy, I advocate sizes of from in. to din. for the body 
of the filter, the top laye1 to a depth of from 9 in. to 12 in. 
being formed of the smaller grade particles. In the case of 
filters constructed of such sized particles, washed free from 
dust, and given a moderately clarified tank effluent, pro- 
perly distributed, I have never found any clogging take 
place which could not be remedied by surface forking and 
a few days’ rest, and I have instances of such filters having 
been worked continously for seven years and are still work- 


EVIDENCE ; 


ing with excellent results without having been dis- 
turbed. (See Table IV.) On the other hand, I know of 
large-particle filters, worked on identical lines, which have 
bezome clogged in a few months. Sree’: 

Question 122. What depth should a percolating bed be to 
obtain a good effluent ? If this varies with the quality of the 
liquid going on, or with the size of the filtering material, please 
state how it varies, what depths you require for different 
liquids, and how you would distinguish one liquid from 
another, 1.€., what analytical figures you would rely on, for 
this purpose ? : 

The efficient depth for a filter of such sized particles as 
I have approved is, in my opinion, 5ft. Such a filter, 
under ordinary circumstances, will produce an excellent 
effluent from sewage which has first undergone preliminary 
treatment, either in a primary filter of larger sized particles 
(din. to lin.), or by means of septic tank treatment cr chemi- 
cal precipitation. In the case of brewery sewage, however, 
or a sewage containing a large amount of tannery waste, I 
am not so confident that a filter of that depth would suffice, 
unless the rate of flow, and, consequently, the rate of 
trave! through the filter is considerably reduced, or, as an 
alternative, double filtration is resorted to through, say, 
4 ft. filters. sos Be 

Question 123. Do you think it generally desirable that 
sewage should be subjected to some form of tank treatment 
before it is put on percolating filters ? 

Sewage need not necessarily be subjected to tank treat- 
ment, beyond that requisite for the separation of the detri- 
tus, before it is put on percolating filters. As a sub- 
stitute for such tank treatment, the sewage, after treat- 
ment in detritus tanks, may be prepared for final filtration 
lv being passed through a roughing or primary filter. 

About five years ago I completed certain experiments on 
these lines at Burslem, in Staffordshire, where the sewage, 
ufver screening and subsidence of the detritus, is pumped to 
land. For the purpose of the experiment the rising main 
was tapped in order that the sewage might be delivered to 
the experimental plant, consisting of two percolating filters 
each having an area of 67 square feet, and a depth of 4ft. 
Gin., and so placed as to allow of the effluent from the one 
filter being passed through the other, the method of dis- 
tribution being by notched fixed troughs, 9 in. wide, fixed 
9 in. apart. 

The filters were worked for twelve hours and rested 
for twelve hours, and the volume of sewage treated per 
superficial yard of filter daily was 190 gallons. The 
figures of analyses of the sewage and effluents after nine 
months’ continuous working of the plant are set forth 
in Table IV. 

I have no doubt that even a better result would have 
been obtained had the means of distribution of the sewage 
on the filters been more satisfactory. 

I may mention that these filters were continued in 
operation for some two or three years longer with equally 
good results, and without any appearance of clogging, 
in fact, the particles in the interior of the filters, especi- 
ally the second one, retained their clean light-coloured 
appearance throughout, notwithstanding the immense 
amount of suspended solids in the sewage as delivered 
to the filters. J estimate that in twelve months the first 
filter must have liquefied a bulk of wet sludge of about 
three times its available capacity, 

Question 124. Js the material better disposed in the 


form of two beds, to be fed in succession with the same 


liquid, or in one deep bed ? 

In my opinion, if, owing to the special character 
of the sewage, it is found that a filter of much greater 
depth than five feet is required, it is better to provide 
two beds. This, of course, from the point of view of dis- 
tribution especially, will be more costly than one filter 


. equalling the two in depth, but the advantage, from an 


aeration point of view, would be considerable. At the 
same time, it is only in the case of exceptional sewages 
that double filtration after tank treatment may be re- 
quired; under ordinary circumstances a fine-particle filter, 
five feet deep, gives excellent results with effcient 
distribution. 

Question 125. How should percolating filters be fed ? 

The great object to be obtained is uniformity of dis- 
tribution, the sewage being applied in as finely a divided 
state as is practicable. 

Question 126. Should the feed be intermittent or con- 
tinuous ? 

I think the feed should be continuous, that is without 
any rest periods, except periodically and at more or less 
long intervals, for the purpose of resting the filters, either 
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when they may require such rest or when, owing to small 
volume of flow, the full plant is not required. 

Question 127. What is the best form of distribution ? 
What, in your opinion, are the conditions which have to be 
fulfilled by a perfect distributor, having regard not merely 
to the distribution of the liquid itself, but also to the 
purification of the liquid and the life of the bed ? 


Undoubtedly the best form of distribution is by power- 
driven appliances, such as the Ccmmission have seen at 
work at Hanley. By means of these all the important 
factors are under control, and the wind has no effect 
upon the rate of travel of the apparatus. Revolving 
distributors worked by a head of sewage are a great 
advance upon previous methods, such as troughs and 
intermittent automatic flushing on to the surface, the 
sewage being held back by a top layer of fine material. 
On the other hand, spraying the sewage by means of pires 
and jets answers very well, as at Lichfield, where the 
outfall is in the open country, but if the works are in the 
neighbourhood of houses, even as far distant as a quarter 
to half a mile, nuisance is sometimes experienced from 
this method, especially in the summer, owing to the large 
area of sewage in fine division which is thug exposed to 
the air. Chesterfield sewage works is a case in point, 
where, on my suggestion, revolving distributors were 
substituted for sprays on this account. In my opinion 
the best of the non-power driven distributors is Fiddian’s 
which the Commission saw at work at Walsall, but which 
has recently been improved by the addition of vanes to 
counteract the effect of wind pressure. I recently con- 
ducted a series of tests with this form of distributor in 
another district in Staffordshire, and found that the 
mean fluctuation over or under the mean delivery fer 
yard of filter only amounted to 10 per cent. 


{In my opinion the chief objection to most automatic 
distributors is the necessity for discharging the sewage in 
bulk at interva's, which results in charging the filter, for the 
moment, with an enormously increased flow per yard, caus- 
ing the sewage to pass more rapidly through the filter ; this 
objectior does not apply to the Fiddian distributor. 


The following, in my opinion, are the condition: to be 
fulfilled in a perfect dictributor :— 


(2) Uriform and fine distribution without exposing a 
large surface of sewage in fine division to the air. 


()) The discharge of the sewage on to the filter in such a 
manner that the slowest rate of travel through the filter is 
achieved without reducing the volume passed through per 
day. 


(c) The avoidance of any arrangement which may give 
rise to trouble from freezing. 


Question 128. Do you think it best to put on a filter a 
fairly constant amount of liquid, or do you consider that the 
amount can be increased in times of storm without impair- 
ing the efficiency of the filter or the quality of the effluent ? 


According to my experience, small-particle filters, with 
uniform distribution, may ke worked at a certain rate for 
long periods without any clogging or deterioration in the 
results. In the case of 5ft. filters 1 have found that with 
ordinary sewage 200 gallons per square yard may be 
passed through continuously with excellent results, but if 
that rate is exceeded for any length of time the effluents 
deteriorate in quality until a point is reached when a few 
days’ rest becomes essential. At the same time, periodi- 
cally, and for a limited period, the rate of filtration may 
be considerably increased without much impairment in 
the results, the filters very soon recovering their former 
efficiency, without being rested, on resuming the regular 
rate of filtration. Notwithstanding this, however, in 
determining the area of filters to be provided, it is de- 
sirable to make a more liberal allowance than I have 
indicated, in order to permit of the occasional resting of 
the beds. 


Question 129. Js there any practica. advantage in arti- 
ficially heating the liquid which is being treated upon per- 
colating filters ? 


I have had no experience of the working of filters with 
artificially heated liquid, but judging from the published 
results in the case of artificially aerated filters with heated 
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air, it does not appear that there 1s much to be gained by 
the adoption of such a plan. 


Question 130. Have you had any experience to show 
whether open sides tre an advantage to 1 percolating filter ? 


My experience des not show that there is any advantage 
in constructing filters with open sides. 


Question 131. Have you made any study of the con- 
ditions of aeration of percolating filters ? 


1 have not made any apecial study as to the conditions 
of aeration of perco!ating filters. 


Question 132. What do you consider is the most con: 
venient superficial area for a percolating filter ? 


The convenient area for a percolating filter is governed‘ 
to a large extent, by the size of the works and the method 
of distribution adopted. 


In the case of small works, the necessity for dividing the 
filter area to allow of interchange and resting may dictate 
smaller filters than otherwise would be provided if economy 
alone were studied. 


Again, in the case of automatic distributors, the work- 
able area is limited by the mechanical difficulty of pro- 
viding an apparatus which will work satisfactorily if the 
span exceeds a certain limit. Probably this limit is at 
present found to be from 130 to 150 feet, but at Chichester 
a revolving distributor (Mather & Platt’s) serving a cir- 
cular filter 200ft. in diameter has been in operation fcr 
some 18 months, and, except during periods of high wind, 
when its automatic working fails and electrical power 
driving has temporarily to be employed, the distribution 
is good, the mean fluctuation over or under the mean 
delivery per yard being under 10 per cent. 


Question 133. Do you think it desirable that the bottom of 
a percolating filter be raised from the yround ? 


From practical experience, I have come to the con- 
clusion that there is no advantage in having the bottom of 
the filter bed above ground; theoretically, possibly it 
might be expected to be otherwise. 


Question 134. Do percolating beds, in your experience, 
choke? If so, have you been able to measure the rate of 
choking, and how do you suggest that this choking can be re- 
moved, and at what cost ? 


If percolating beds are constructed of fine-grain particles 
(not exceeding jin. to din.) and are not habitually and for 
long periods overtaxed, in my experience, choking does not 
occur, except to an extent which occasional short rest and 
surface forking will remedy. 


Questions 135 to 138. 135. Of what nature are the sus- 
pended solids in the filter effluent? How much is organic 
matter, and are they putrescible apart from the liquid portion 
of the effluent ? 


136. To what extent do you find that the organic matter of 
the suspended solids issuing in the effluent from a percolating 
filter is different from the organic matter of the suspended 
solids going to thaé filter ? 


137. Have you any experience of, or any suggestions to 
‘make on, the settlement or other separation of the suspended 
solids issuing from a percolating filter? and to what 
minimum figure do you think such settlement or other final 
treatment can be carried as a practical measure ? 


138. Do you find that the suspended solids in your filter 
effluent vary much in amount from time to time, and tf so, can 
you explain the causes of such variation ? : 


In the case of modern works the filter effluents I have 
had to deal with have been free, or practically free, from 
suspended solids. In my experience it is only in the case 
of contact beds and-filters formed of large particles that 
suspended solids are present in the effluents. (See Table 
IV.) 


Question 139. What is the cost of percolating bed in- 
stallation per acre, and how much liquid can be treated per 
acre per 24 hours, at ordinary times and in storm times 2? 


The cost of percolating filters varies very much in 


accordance with circumstances; for example, the local, 


facilities for obtaining cuitak le filtering material, whether 
the filter is entirely or partially above or below the sur- 
face, whether retaining walls or concrete linings are pro- 
vided, or whether the filtering mvterial is s':mply placed in 


_ an excavation in the ground with banked-zp sides. 
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MINUTES OF 


The following are the particulars as to the construction 


and cost per acre in 


EVIDENCE : 


filters, aJl of which, to my knowledge, have given, and are 


the case of three types of percolating giving, excellent results :— 








Construction. 





Walls. 





1.— Earthen embankments, 
lined with cement concrete, 
5ft. 3in. deep. 





2.—Close brickwork above 
ground. Longitudinal, 4ft. 
Yin. deep. 


3.—Entirely under ground, 
without any lining on sides 


Filter Medium. 


Broken 
tin. particles. 
iin. particles. 


shingle. Body 
Top layer 








Broken ‘saggers.’ jin. to 
din. particles. 





Coal. jin. to fin. par- 
ticles. 








or bottom. Longitudinal, 
5{t. deep. 


As regards No. 3, owing to the absence of any brick- 
work or concrete, the cost, without loss of efficiency, 
would have been considerably less had a less costly 
medium than coal been used. , 

Analytical figures showing the working of various 
plants are set forth in Table IV. 


Question 140. Have you made any experiments which 
throw light on the action of percolating filters, with regard 
to the oxidation of— 

(A) the ammoniacal and organic matter in solution. 
(B) the organic matter in suspension ? 

I have not made any experiments bearing directly 
upon this question, but the following are what may 
be called the impressions I have tormed from observing 
the practical working of filters and from the numerous 
analyses I have made of sewages and tank and filter 
effluents :— 

(a2) As regards the ammoniacal and organic matter in 
solution, if the filter is in a healthy active state and the 
sewage is of normal character, it would appear that a 
high standard of oxidation is effected in about seven 
minutes, the time which the liquid takes to pass through 
a fine grain 5ft. filter, if the delivery is at the rate of 200 
gallons per twenty-four hours and the distribution is 
uniform over the whole area of the filter. 

(b) As regards the organic matter in suspension, it 
appears in the case of such a filter to be entangled in the 
upper layers of the filtering material, where it is gradually 
liquefied and, passing downward, becomes oxid'sed 
with the organic matter previously in solution. The 
process of liquefaction in this case is, I suggest, probably 
largely effected by aerobic liquefying organisms. 

In the case of large-perticl2 filters and contact beds, a 
considerable proportion of the organic suspended solids 
is washed through with the efiluent. This constitutes 
one of the objections to such filters and beds, but, in 
my opinion, the most serious objections are—first, the 
comparatively small area available for bacterial growth, 
and, secondly, the fact that organic solids are permitted 
to pass down into the deeper layers of the filter, where 
the purely oxidising process should, as far as possible 
be exclusively in operation. 

Question 141. Have you evidence to show that ammo- 
nium salts and organic substances in solution, not of a col- 
loidal nature, pass rapidly through a percolating filter or 
that they are first absorbed by the filtering material or by 
growths on that material, so that their passage through the 
filter is a very gradual one ? 

{ have :x0 evidence which enables me to ofter any decided 
ovinion cn this point apart from what I have stated 
in reply to the previous question. 

Question 142. Have you observed the effects of changes 
of atmospheric temperature on the working of a percolating 
filter ? f 

When active nitrifying propérties are once established 
in a percolating filter, I cannot say that I have observed 
any material change in the quality ot the effluents in differ- 
ent seasons. I am satisfied, however, that a newly-con- 





Previn Inclusive 
Distribution. a Ye cost 
reatment. 
per Acre. 

Mather & Platt’s Revolv- | Chemical | £4,285. 
ing Distributor. Automatic |Precipitation ; 
except during heavy winds 3 
when electric power is used 

Power driven by electric | Septic Tank.| £5,500 
motor. ; ; am 

Spray distribution by| Chemical | £4,508. — 
pipes on surface of filter. | Precipitation 





structed tilter is longer in acquiring nitritying properties 
in winter than in summer. » 

Question 143. Have you found any trouble from vege- 
table growths in percolating futers? If so, have you been 
able to form any opinion as to the causes of these growths 
and as to the way in which the growths can be prevented ? 

I have had no personal experience of the occurrence of 
vegetable growths in percolating filters. 

Question 144. Do you find any nuisance from the 
treatment of sewage on ‘percolating filters? Have any 
complaints been made ? U 

Undoubtedly nuisance does arise sometimes from 
te treatment of sewage on percolating filters, and sewage 
containing brewery waste in considerable quantity is 
specially liable to cause such nuisance, I have also found 
that nuisance is likely to arise from unduly proionging 
septic tank treatment. 

As a rule the difficulty may be overcome by shortening 
the period of preliminary tank treatment as much as 
possible, and adopting a method of distribution on the 
filters which exposes as small a surface of tank effluent 
to the air as possible. 

In the case of strong brewery sewage it is possible that 
the addition of a cheap antiseptic to the tank effluent 
before distribution might remedy the nuisance, but the 
quantity used must, of course, be carefully regulated 
so that when mixed with the sewage it is present in suffi- 
cient strength to act merely as a deodorizer, otherwise 
the vitality of the organisms in the filter might be im- 
paired. I think it is likely that this expedient will be 
tried in a case in which 1 am at present interested, where 
brewery waste constitutes about two-thirds of the sewage 
flow, and the works are situated close to a residential 
locality. In this case the antiseptic to be tried will 
probably be “‘ oxychloros,” prepared on the spot from a 
solution of salt by electrolysis. 

GENERAL QUESTIONS IN REGARD TO FILTERS 
(IncLupina Contact Bzps). 


Question 145. Would you kindly compare the cost 
(initial expenditure and annual cost of upkeep and working) 
and relative advantages of percolating filters and contact 
beds. Do you consider that one form is Lest for some kinds 
cf sewage, and the other form for other kinds of sewage ? 

As regards the comparative cost of percolating filters 
and contact beds, I should say that, both as regards 
initial expenditure and annual cost of upkeep and working, 
the latter are the more costly, for the following reasons :— 

(1) To obtain anything approaching a corresponding 
result from contact beds as from small-particle filters, 
double contact, as compared with single filtration, is 
essential, and the total cubie contents of the contact 
beds should about equal twice that of the filters. 

(2) The automatic gearing for filling and discharging 
contact beds, or, as an alternative, manual labour, pro- 
bably equals the cost of distributors for filters. 

(3) As in the case of percolating filters the sewage is not 
head up, the provision of walls or concrete li- ings i3 not 
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essential if the beds can be constructed below ground level ; 
on the other hand, in the case of contact beds, the sewage 
being held up, walls or linings, together with concrete 
bottoms are essential in most cases and desirable in all. 
‘This, of course, from a structural point of view, adds 
greatly to the cost of contact beds compared with filters 
©onstructed entirely or partly blow the surfac>. 

(4) As contact beds are far more liable to clog than 
small-particle filters, the upkeep cost in that respect in 
the case of the former is greater than in the case of the 
latter. 

I consider that small-particle filters are greatly superior 
to contact beds, no matter what kind of sewage has to be 
dealt with. I formed this opinion some eight or nine 
years ago, and subsequent experience has never caused 
me to modify it, in fact, I think the introduction of the 
contact method was an unfortunate step, because its 
apparent simplicity led to its very general adoption, 
and thus tended to delay progress in ov-rcoming the 
initial difficulty associated with filtration, namely, 
providing for the uniform and fine distribution of the 
sewage on the filters. 

in compar.ng contact beds w th filtration, 1 wish it to 
be understood that the filters 1 have in my mind are 
those formed of small not large particles. 

Question 146. Do you find that the chance of nuisance is 
any greater with one form of filter than with another ? Does 
the risk of nuisance depend on the kind of sewage which is 
being treated or on the nature of the preliminary treatment 
to which the sewage has been subjected ? The question of 
nuisance ts important, and I should be glad if you would 
state your views fully on these points. 

As regards nuisance, 1 do not think that with proper 
management the risk is greater with one method than 
with the other. When once the sewage penetrates the 
filter or contact bed the risk of nuisance, so far as that 
portion of the liquor is concerned, is at an end, supposing 
the beds are in a healthy state. The real trouble is associ- 
»ted with the delivery to the beds, and I do not think 
that any larger surface of sewage need be exposed to 
the air during that process in the one case than in the 
other. 

The risk of nvisance is undoubtedly greater in the case 
of certain sewages than others. As regard; ordinary 
dome-:tic sewage, there need be no appreciable nuisance, 
even near to the works, but the case is very different 
with sewages containing a large amount of brewery and, 
possibly, tannery waste, a: I have already indicated in 
my answer to Question 144, in which I also suggest 
possible remedies. The question of nuisance arising 
from the disposal of screenings, sludge, &c., is dealt 
with later. 

Question 147. Have you made any comparative observa- 
tions which show how many gallons per cubic yard per 24 
hours of tank liyuor or tank liquors, could be satis- 
factorily purified on a percolating filter, and how many 
gallons per cubic yard on contact beds? If so, would you 
kindly state the results, at the same time telling us in precise 
terms what was the composition of the tank liquor or tank 
liguors, and what you are considering to be a satisfactory 
effiuent. 

According to my experience, a fine-particle percolating 
filter, five feet deep, is capable of producing, practically 
for an indefinite period, an effluent of great purity, at a 
rate of delivery of 200 gallons per superficial yard per 24 
hours (120 gallons per cubic yard). As I have previously 
stated, to obtain the same result from contact beds double 
contact (after septic tank treatment) is essential, each 
bed having, approximately, the same cubic capacity as 
the filter. In other words. to obtain the same result hy 
contact beds as by percolating filters, the cubic capacity of 
the former must be about twice that of the latter. 

Question 148. Could you express an opinion as to how 
the numer of gallons would vary with variations in the 
strength of the tank zuor, and on what figure or figures 
you would rely for defining the “‘ strength’» of the tank 
Liquor ? 

So far as ordinary domestic swage is concerned, I 
believe the strength of the tank liquor, as measured by 
the amount of unoxidised matter it contains, affects the 
question of the volume per yard a fine-grain filter is 
¢iparble of purifying much less than is generally supposed, 
but I am not so confident tiat the same my be said 
rezarding contact beds or large-particle filters. In my 
opinion, the working capacity per superficial yard of a 
fine grain filter depends upon the volume rather than the 
strength otf the sewage, that being the factor which 
determines the degree of aeration of the filter. 
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Question 149. Have you had any experience of storm 
water filters? If so, would you kindly give us the results of it. 

So far, I have had no exporience of the working of storm 
water filtors, although at the present time several large 
works are in course of construction in Staffordshire 
in which such filters are being provided. I cannot say 
that I am very confident as to their success, but as the 
capacities of the works in other respects are very liberal 
(being on the present Local Government Board basis) 
the probability is that we shall not be dependent upon 
the storm filters to apy great extent. Theoretically, I 
think all we can expect storm filters to effect is an ad- 
vancement of the stage of purification to an extent which 
will facilitats the further purification in the stream through 
mixing with the nitrified effluent from the filters proper. 

Question 150. Do you consider storm water filters lose 
any of their efficiency by being used intermittently at long 
intervals ? 

In my experience, dry weather flow filters which have 
had a long rest, say two or three weeks, on being again 
brought into use yield effluents of a high degree of purity, 
the nitric nitrogen in the effluent being greatly increased, 
and in all probability the first effluents from a storm 
sewage filter after a period of rest would be of good quality 
in that respect, although, at the rate of delivery at present 
allowed in the case of such filters (500 gallons per super- 
ficial yard), the quality would rapidly deteriorate. 

SLUDGE. 

Question 151. Have you any practical suggestions to 

make for disposing of sludges, i.e. :— 
(a) Sewage screenings. 
(6) Material from detritus tanks. 
(c) Sludge from precipitation tanks 
(d) Sludge from septic tanks. 
(e) Sludge from settlement tanks. 


In the handling of sludge, nuisances no doubt are fre- 
quently experienced unless proper precautions are adopted, 
and the nuisance in certain cases is much greater than 
in others, for example, in the case of brewery sewage. 

(a) (6) As regards sewage screenings and material from 
detritus tanks, frequent removal and disposal on land is 
a satisfactory method even if the area of land available 
Ig very small. A shallow trench should be dug, into 
which the refuse should be placed, and immediately 
covered over with soil. The same land may be used over 
and over again if it be suitable, and it usually is found to 
be so, as a few inches of top soil is all that is necessary. 

(c) Tae only practicable method of disposing of sludge 
from precipitation tanks, unless the works are in a locality 
far removed from houses, is by sludge pressing ; the 
pressed sludge to be removed, at short intervals. 

If land is available, and the outfall works are not in the 
immediate neighbourhood of houses, the sludge may be 
disposed of in the same way as is suggested in the case of 
(a) and (0). 

(d) It is remarkable how free from smell septic tank 
sludge is, so much so that no nuisance will be experienced 
from its being spread on land even in close proximity to 
dwellings. 

(e) The sludge from settlement tanks should be dealt 
with in the same manner as suggested in the case of that 
from precipitation tanks. 

Question 152. Do you find that some methods of dis- 
posing of sludge are more likely to cause nuisance than others ? 

Tf sludge is discharged into lagoons, where it is left to 
consolidate by evaporation and drainage, a practice which 
was frequently adopted before sludge pressing was intro- 
diced, the nuisance arising from the practice is con- 
sidere ble. 

QUESTIONS IN REGARD TO EFFLUENTS. 

With one exception, all the questions under this heading 
were answered by me when I previously gave special 
evidence before the Commission. The following ques- 
tion, however, was not then dealt with specifically :— 

Question 154. Do you consider that the type of effluent 
from a contact bed is superior or inferior to the type of 
effluent from a percolating filter ? 

Iam most decidedly of opinion that a contact bed efflu- 
ent is inferior to that from a_ percolating filter 
formed of small particles. I am not so confident, how- 
ever, that the ditlerence is so pronounced if the comparison 
is made with an effluent from a filter formed of large 
sized particles. 

Comparing the effluent from a contact bed with that 
from a smul-particle percolating filter, say 5 ft. decp, 
but of the s:m>2 cubic capacity a3 the contact bd 
the advantage, in my opinion, is immensely in favour o 
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the filter; in fact, as I have already stated, to obtain any- 
thing like corresponding results from contact beds as from 
small-particle filters, the capacity of the former should 
about equal twice that of the latter. 

By double contact after septic tank treatment, a non- 
putrescent effluent can undoubtedly be obtained, but its 
quality as judged by the reduction of the albuminoid 
ammonia and oxygen absorbed and the degree of nitrifica- 
tion, will not equal that from a similar tank effluent 
treated by single filtration through a fine-grain percolat- 
ing bed, neither will it equal the latter in appearance, a 
contact effluent, in my experience, being invariably 
cloudy or foul looking, while a fine-grain filter effluent is 
clear, in fact, hardly distinguishable from drinking water. 

In the case of a weak sewage, single contact after septic 
tank treatment may produce a non-putrescent ffluent, as 
at Exeter, but this, in my experience, is exceptional. 

Some years ago, in conjunction with four other experts, 
I had occasion to report upon the treatment of the sewage 
of two towns by septic tanks and single contact beds, and 
having made a series of analyses, we found that, while the 
results obtained in the one case were undoubtedly satis- 
factory, in the other case they were quite the contrary. 
In the former case, however, we found that the sewage was 
quite exceptional in character, for not only was it very 
weak, but it also contained nitrates, in some samples as 
much as 2 pts. per 100,000 ; on the other hand, the sewage 
in the latter case was of quite a different character, and the 
treatment proved to be most unsatisfactory. 


MISCELLANEOUS QUESTIONS. 


Most of the questions under this heading were dealt 
with in my previous evidence before the Commission. 

Question 159. What is your experience of the effect of 
storm water upon filters of various sorts ? 

If the volume of sewage delivered to filters is greatly 
increased during the storm times, a rapid deterioration in 
the results obtained undoubtedly takes place, but by 
resting the filter and then resuming the crdinary flew 
the quality of the effluent rapidly improves, provided 
the suspended so1ids are held back from the interior 
of the bed by a fine top layer, say of tin. particles. 

Such a filter may be overtaxed with impunity ; on 
the other hand, if precautions are not taken to prevent the 
penetration of solids into the interior of the filter, great 
damage may result in the case of filters composed of large- 
size particles. 

Question 160. How far do you consider it advisable for 
a sewage installation to be worked automatically ? 

In the case of small works, for economical reasons, 
automatic working, as far as practicable, is advantageous, 
but in the case of large works, where the men in charge 
must necessarily be always on the spot, it is not so essential. 

In the case of filters, whether on a large or small scale, 
there is great need for an automatic distributor which 
will deliver the sewage uniformly, under all conditions of 
weather, without having to resort to mechanical power or 
the automatic discharge of the sewage in bulk at intervals. 

Question 164. Jf there are any further points on which 
you would wish to speak we should be glad to hear your 
views on them. 

I venture to make the following comments for the 
consideration of the Commission regarding the practice of 
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ing the question of the artificial disposal of sewage :— 

(1) In view of the fact that the Local Government 
Board—notwithstanding the opinion already expressed 
by the Commission to the effect that land treatment is 
not essential—still hesitates to sanction disposal works 
without land, a definite and au horitative pronouncement 
on the subject by the Commission is urg2ntly called for. 

Lately, the Local Government Board, in cases where 
they have given way in the land requirement, have by 
way of compensation, r2quired the provision of twice 
the avea of bacteria beds than would satisfy them if land 
was provided. This imposes a very costly, and, in my 
opinion, needless condition upon authorities. 

(2) If the Commission should be of opinion that present 
experience of the working of artificial bacteria beds does 
not absolutely warrant the Local Government Board in 
relaxing their requirements, I would suggest that schemes 
might be sanctioned without land, and without any 
compensating increased area of beds on authorities giving 
an undertaking to extend the works within a specified 
period if they should be found to be inadequate. 

Possibly, in some cases, owing to the special quality of 
the sewage, such extension might be found to be necessary, 
but in the case of ordinary domestic sewage lam satisfied 
that no extension would be called for. 

If this plan was adopted by the Local Government 
Board, an independent expert, approved by the Board 
might be appointed to p2riodically inspect the works and 
conduct the necessary analyses during the probation 
period, the cost involved to be deferred by the local 
authority interested. In the case of those administra- 
tive countries, however, where expert advisers have 
been appointed by County Councils, their services would, 
no doubt, be placed at the disposal of the constituent 
authorities for this purpose without charge, as the pro- 
posed sewage disposal works would, in any case, be sub- 
ject to inspection by the Officers of such County Councils. 

(3) In view of the present great diversity of practice 
regarding the construction of bacteria beds, it is very 
desirable that an authoritative pronouncement should 
be made as soon as possible regarding the type of plant 
which will give the best results under different conditions. 

The present practice of the Local Government Board is 
to require the same cubic capacity of beds to be provided, 
no matter whether the method of disposal proposed is by 
contact beds or percolating filters. i ae 

This, on the face of it, ssems to be an extraordinary 
practice, for, considering the radical differences in the 
two methods, it is hardly conceivable that the results 
obtained from the two classes of beds having similar 
capacities should be identical. PE 

(4) As regards the construction of the beds, no matter 
what sized particles are used, the cubic capacity required 
by the Local Government Board is the same. 

Considering the fact that the successful working of the 
beds depends upon the vitality of organisms, which 
require for their life processes certain important essentials 
it is again hardly conce.vable that the highest state of 
activity can be arrived at and maintained, no matter 
whether the organisms are housed in filters composed 
say of 3in. particles or }in. particles or any grade 
between these sizes. 
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TABLE I. 


TABLE SHEWING THE SUSPENDED SoLips, &C., IN CERTAIN STREAMS IN STAFFORDSHIRE UNDER 
DIFFERENT CONDITIONS OF RAINFALL AND FLow. 








TRENT AT HANFORD. 














DOVE NR.BURTON-ON-TRENT. TAME AT TAMWORTH. 
aeg (Foul stream drainiag (Very foul stream drainin 
AD stream draining comparatively small area | small rural area and ver : 
arge rural area and a few arte Meee 1 y 
suid Gestie) partly ut very arge and populous urban 
largely urban.) areas. 
Rainfall day before. Rainfall day before. Rainfall day before. 
pa ent d 1j 
Und in.and| .. Under |to!2-4nd| ,. jlin. and] _. 
in fe 10 der | 7i0- and “Lin, | under fin. and aS ; ‘under | #ia.and 
10 hin. Over. al tin. over. BT 8 Foe) hin. over. 
No. of Records - - : 37 8 7 33 11 8 33 Uf 7 
- si Day before - - : yo Ol in. | 0-16 in. | 0-39 in. | 0-01 0-18 0°46 0 007 014 0:56 
Cee Week before - - - | 063 in. | 0°93 in. | O88 ia. | 0-43 0:86 1-15 0°37 0-69 1:13 
e Month before - - | 2°80 in. | 2.55 in, | 2°58 in. 2°30 2°37 3 42 1:87 2°34 2°65 
as fea Solids - - 09 4] 2:2 4:9 18°3 16-2 39 6°9 8] 
2 S Chlorine he FU ia | 2-1 2-0 5-1 ce 49 | 11-4 109 10-7 
am lAtbumiaoia Ammonia -/| 0-°019 | 0-030 0:027 0095 | O1L71 | 0100 } 0-411 0106 | 0-199 
Flow-ia cubic feet pers coad -| 321 419 | 293 59 79 129 | 316 344 665, 
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TABLE II. 
Table shewing Mean Figures of Analyses of Corresponding Sampies before and after Subsidence. 











Free 


Ammonia. 





0-354 


0°407 


0629 


0-625 


0-160 


0:125 


0:490 
0448 





0-977 


Q pd Parts PER 100,000. 
ee 
C8 Solids. 
g 89 
-_ S aa} F 
5 a So 6 d 4e at 
end n 
=sgo8e |S8 ise] 8 
a FA re fo) m4 a 
3 S mo io) s 
a eS Q 
32 Cubic feet| 103-0 5-5 | 108-5 
314 Records | 1015 2-7 | 104:2 
2-5 Cubic feet} 88°3} 40:3 | 128-6 
312 Records | 87°5 76] 95-1 
8-6 Gubic feet| 44:2 58} 50-0 
170 Records | 42:2 0-6 | 42:8 
43 Cubic feet' 9:6 9-4] 101:0 
314 Records} 90°83} 1:4] 922 
84 Cubic feet 90°8| 26-4 | 117-2 
314 Records! 89:0 4:8 | 93:8 





1-062 


Albuminoid 
Ammonia. 





0-068 


0:062 


0-299 


0-120 


0-113 


0-063 





0-118 


0-090 


0:369 


0-110 
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Remark 


Stream D before receiving 
B and C. 


Tributary of Strean D. 





|rsibotary of Stream D. 


Formed by the Union of A, 
B, and C. 


Stream D lower down; the 
| increased flow being prac- 

tically entirely from par- 
J tially treated and un- 
treated sewage. 





EEa———————————————— sas 


Norz.—The Gauzings of Flow covered a period of Eight Weeks. 


TABLE III. 


capacities of the tanks, population, and dry weather flow of sewage being given in each case :— 





District. 
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The following are the mean figures of a number of analyses of typical chemical precipitation tank effluents in Staffordshire, the 
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61599 | 3,000,000 


7902 350,000 
19914 864,000 
26554 600,000 


94187 | 3,000,000 


Capacity of Tanks in 
gallons 
Period of Quiescence. 


1,500,000 


340,000 


416,000 


366,000 


1,546,900 


Precipitants 
used. 


of 


Sulphate 


Alumino-ferric 
and Lime. 





only. 


Alumino-ferric 
and Lime. 


Lime only.* 


$$ $$$ me i  ___ 


Tron and Lime 


Chloride of Lime 























Parts PER 100,000. 
Bb 
so) Soins. . So 
8 Sea” 
@ d Posted) a! scheme 
fa = 2 x) Fs 4a 2 m 
Silieps iSchere eel ar Baas a 
gite)/e| £ la | 2 | b8)3es 
a ee Ala & Ce is Bot 
S FA OA Ry 
9 | 87:-6/2°8| 9 -5 |10:0| 2:156 | 0-304} 1-640 
10 | 62:5 | 3-6 | 66:1 | 7-6] 2-036 | 0:348 | 1559 
4] 86°7/| 6-0] 92:6 |12-5] 1:978 | 0-591) 3071 
4) 765201 777 (11-9 1:2-271°) 0-253) 1-077 
2 | 115-9 } 18 | 117-7 |20:4| 3-992 | 0-426 | 2574 


The Wolverhampton sewage contains iron from Galvanisers’ acid waste, 
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DISTRICT. 


BROW NHILLS 


BURSLEM - 


HANLEY  - 


LICHFIELD - 


PELSALL  - 


SILVERDALE 


TIPTON “y 


rIVIDALE 


DITTO - 


WOLVER- 
HAMPTON. 





Population, 1901 
Census 


15252 


38766 


61599 


7902 


3626 


7820 


- | 30543 








2500 | 


94187 








Nature 
of 
Sewage. 


Domestic 


Largely 
Brewery 


Domestic 


Very 
largely 
Brewery 


Domestic 


Domestic | 


Domestic 


Domestic 


Domestic 


Largely ” 
Galvani- 
zers’ 
Waste. 
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Nature of Works. 


Septic Tank and 
Percolating 
Filters (single 
filtration). 


Primar and 
Secondary Fil- 


tration after 
subsidence of 
Detritus. 


‘Septic Tank and 


Percolating 
Filters (single 
filtration). 


Chemical Precivi- 
tation and Per- 
colating Filters 
(single filtration) 


Septie Tank and 
Percolating 
Filters ‘(sirgle 
filtration). 


Subsidence and 
Double Contact. 


Chemical Precipi- 
tation and Per- 
colating Filters 
(single filtration) 


Septic Tank and 
Double Contact. 


Septic Tank and 
Percolating - 
Filters (single 
filtration). 


“Chemical Precipi- 
tation and Per- 
colating Filters 
(single filtration) 








TABLE 


PARTICULARS AS TO THE WORKING OF PERCOLATING FILTERS AND 


Material. 


Furnace 
Slag. 


Coal - - 


Broken 
Saggers. 


Broken 
Saggers. 


Broken 
Saggers. 


Coal - - 


Coal - - 


First Con- 
tact = 
Broken 
Bricks. 


Second Con- 
tact—Coke 
breeze. 


Lowcock 
Pilcere— 
Gravel 
and Sand. 


Garfield 
Filter = 
Coal, 


Furnace 
Slag. 


Furnace 
Slag. 


‘Coal - - 





PARTICULARS OF FILTERS AND BEDS. 


Depth. 


5ft. 


Dit: 
4ft. 


4ft. 


4ft. 


5ft. 


4ft. 


3ft. 


3ft. 


3ft. 


3ft. 


6ft. 


3in. 


3in. 


6in 


6in. 


6in. 


Oin. 


Oin. 


. Oin. 


Qin. 


9in. 


Yin. 


Oin. 


Oin. 


. Oin. 








Grade of 

Material 

forming 
Body. 


Slag = 

3 16th in, 
to 1-16th 
in, 

Coal = fin. 


First Filter 
= din, 


Second 
ditto = 
3-16th in. 


4in. to din. 


jin. to fin. | 


fin. to fin. 


First Con- 


tact = 2hin. 


Seeond 
Contact = 
4in. to fin. 


Loweock = 
Pea 
Gravel. 


Garfield = 


din. to din. 


First Con-' 


tact = 
24in.to din. 

SecondCon- 
tact = in. 
to din. 


Filter=lin. 
to din. 


din. to din. 








Distribution. 


Spray Feed 
by Ajust- 
able Perfor- 
ated _— Iron 
Pipes. 


Troughs is 


Troughs - 


Mecbanical 
Power- 
driven 
Apparatus. 


Spray Feed 
by Adjust- 
able Perfor- 
ated Iron 
Pipes. 


eeeay Feed 


by Adjust- 
le Perfor- 
ated Iron 


Pipes. 
Hand fed 


Hand fed 


Troughs - 


Troughs 


Contact Beds 
= hand fed 
on to 
Troughs. 


Filter = Fid- 
dian’s Auto- 
matic  Dis- 
tributor. 


Spray Feed 
by Adjust- 
able Perfor- 
ated 
Pipes. 


Iron 


Rate of Filtration — 
and Rest Periods. ; 


175 gallons per square 
yard per 24 hours (100. 
gallons per cubie 
yard). Work 8 hours, 
rest 16 hours. 


190 gallons per square 
yard per 24 hours 
(126 gallons per cubic 
naan Work 12 

ours, rest 12 hours. | 


200 gallons per square 


yard te 24 hours: 
(133 gallons per cubic | 
yard). Seurnwom “ 
Feeding. 


110 gallons per squall 
yard per 24 hours (66 | 
gallons per cubic) 
yard). Wo:k 8 hours, | : 
rest 16 hours. 


oI 


4 


A} 
3 


No regular volume of 
flow or period of 
working. 


First Contact = 112 
gallons per cubic 
yard per 24 hours. 

econd Contact ditto 
ditto. Filled and dis-_ 


' charged twice in 24 


hours. 


Loweock Filter = 100 
gallons per square 
yard per 24 hours (80 
gallons per cubic 
yard). Work 12] 
hours, rest 12 hours. 


Garfield Filter = 200 | 
gallons per square 
yard per 24 hours (160 | 
gallons per. cubic} 
yo Work = 12} 
ours, rest 12 hours. — 


rs 


First Contact 
gallons per 
yard per 24 hours 
Second Contact ditta 
Filled and discharged | 
3 times in 24 hours. | 


Filter = 223 gallous 
per square yard pe 
24 hours (111 gallons | 
ee cubie yard). | 

ork 14 hours, res | 
10 hours. 
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. ° Mr. George 
; Reid, M.D., 
lonTacT BEDS IN STAFFORDSHIRE, WITH ANALYTICAL RESULTS. D.P.H. 
NO =, 
a Paprs PER 100,000. : 17 May 1905. 
o 
x7 at fs] 
: = Solids. etd : 
Time covered 8 3 sSiad] .8e 3 
_ by Records. Sample. Ph : 5 98 |88 |] os® oie) REMARKS, 
: o| 8 Sik 3 S HE |) GE | Sa ee 
6A Seabee bi orl iAi| -aubad (Ose Ce 
eo a jo) = 2 s 
4 ae} Sep = Sib AS 
| 
2 years Septic Tank -| 1| 688] 80 | 76:8 11-0 | 2040} 0:330| 2-300 | Nil The night flow of sewage is dis- 
posed of on land, also the storm 
Slag Filter 3| 92-7] 0:8 | 93:5] 6:3 | 0-224/0°185] 0-981 | 1°57 sewage, i.¢., any flow in excess 
of the dry weather flow. 
Coal Filter -}| 2)113°5} 03 [(113°S| 7-2 | 0°187/0°116| 0560 | 1°64 
6 years Sewage - -| 9| 99°0/32-0 | 131-0} 11-0 | 3°335|1:132| 4-288 | Nil | These filters are experimental. 
The trough distributors work 
First Filter , - | 15 | 91°1/ 87 | 99°8| 10°9 1°851 | 0°506 | 1:746 | 0°36 very imperfectly. _Had_ the 


distribution been more uniform, 
Second Filter - | 15} 93°9| 11 95:0 | 10°7 | 0°549 | 0°156 | 0°698 | 2°01 the results no doubt would even 
have been better. The filters 
are still working regularly with 
good results, but the figures of 
analyses are for the earlier 
periods of the working. 





2 years Sewage - -| 8 | 125-4 62-9 | 188-3] 8-9 | 2:109| 0-765} 3°854 | 0°03} These filters were experimental 
but of large area, and the dis- 

Septic Tank - 7 1105-3) 4:4. 1109-7} 8-7 | 1°820|0°270} 1:725 | 0°69 tribution w.s very. perfect. 

Filter | - - | 13 | 112°3| 0-6 | 1129] 8:3 | 0-069 | 0-029 | 0-260 | 1°66 

6 years “Sewage - -| 4] 75-2} 75-0 | 125-0; 108 | 3°567 | 1-401 5:133 | Nil | On the whole the distribution is 
moderately good. No trouble 
Tank - -| 10] 62°5| 36 | 66:1] 6-6 | 2°036|0°312| 1:559 | 0°01 has been experienced from 
clogging until the past few 
Filter - wph 4s | 7972-1. Lod 80:3| 8:4 | 0-408 | 0-054) 0342 | 1:42 months, when the filters were 


overworked. Two new filters 
on the same lines are now being 
constructed. The material in 
the body of the filters is still 
clean and sharp. 


5 years Sewage - .| 4} 81-2) 44:4 | 125-6] 8-1 |1-990/ 1-213] 4°629 | Nil | These filters were not in constant 
use, the tank effluent being 
Septic Tank Denise [os 72°5| 7:0 | 1-045 | 0250] 1°537 | Nil agen discharged on to 
and. 
Filter - -| 5| 75°6| Il 76°7| 8:2 | 0°322 | 0:051 | 0°335 1719 
6 years Subsidence Tank} 8 | 83°6|16°5 | 1001] 7:3 | 2°892|0-496| 2°315 | 0:19 These beds are experimental, and 


difficulty has been experienced 


First Contact - | 12] 81°3| 5-9 | 87°2| 7-2 | 1-803| 0-266] 1-298 | 0°05 from the clogging of the first 
contact bed. 





Second Centact | 18 | 80°3| 2°0 | 82°3| 7-1 | 0°761| 0-104] 0-463 | 1°02 





These filters were experimenta!. 


— 


2 years Tank -  - | 13| 82°7}. 1:6 } 84:3] 10-2.| 1-250 | 0-230] 0-770 | Ni 
Lowcock Filter- | 8 | 80-7} 1:4 | 82:1] 10-0 | 0-270 | 0-050} 0°220 | 0:74 











1} years Garfield Filter- | 8 | 91:4| 0:3 | 91:7| 10°6 | 0-190 | 0-040 | 0-200 |. 0°81 









| Contact Beds— Sewage: - - | 1 | 13251163 | 148-8} 13°8 | 1-233 | 0-421) 1800 | 0°08 | The filter, but not the contact. 
| 4 years. beds, was experimenta!. 


Septic Tank -j| 5|113°7| 79 121°6| 13°6 | 3°272| 0-430} 2-204 | Nil 
Second Contact- | 11 | 1151] 3°0 | 1182) 11°9 0654 | 0:100| 0361 | 0°55 








133-4} 0-8 | 134-2] 13-2 | 0°1C0 | 0-055 | 0:368 | 2°28 


1 
Or 


Filter=23 years| Filter - 


3 years Sewage - - | 1 1152-0 | 69°2 | 221°2| 31:3 | 9°580 | 3°530 — Nil | This filter was experimental. 


Tank - 139°5| 2-2 | 141°7| 26-1 | 5-161 |0-505| 3-263 | 0°33 
Filter - | 11 |159°5| 1:1 | 160°6| 25°3 | 1-173 | 0-073 | 0°351 | 1°88 


bo 
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24433. From your answer to Question 19 you appear 
to be of opinion that a local authority ought to possess 
some power with regard to the admission of trade 
effluents into the sewers. Now, how do you propose, if 
any dispute might arise between any local authority 
and a manufacturer it should be settled ?—Well, if the 
suggestion of the Commission with regard to a central 
authority was carried out, I think that would be a very 
good authority to settle such a dispute. 1donot mean a 
local central authority but a central board for the whole 
country. 

24434. Yes, and may we take it that you agree with our 
recommendation ?—I agiee with the recommendation 
as regards the central board, but I do not agree with the 
recommendation with regard to cutting the country up 
into areas and appointing rivers boards systematically. 
J think in certain cases this ought to be done, but in other 
cases, where a large amount of work has been done, and it 
really now almost approaches completion, by the authori- 
ties which now exist, I think it would bea very great 
hardship to those authorities and their officers that the 
work should be taken from them. I think that the 
decision with regard to the need for the formation of 
rivers boards might rest with the central authority also. 


24435. The central local authority ?—The central 
administrative authority, I beg your pardon. For in- 
stance, in Staffordshire the expenditure that we have in- 
curred in sewage disposal alone—that the authorities have 
incurred through the action of the county counci]— 
approaches £2,000,000 already, and there is a large 
expenditure still to be made and in _ process of 
being made. 

24436. Then we may take it generally you agree with 
the spirit of our recommendation, only you think it is not 
necessary to have rivers boards everywhere ?—Quite so. 


24437. Because there are already in existence powers . 


with adequate control ?—Quite so ; but I should give the 
power to the central body of compulsorily appointing 
rivers boards if they thought fit. 


24438. And you quite agree with us as to the appoint- 
ment of a central body ?—Certainly. 


24439. Would you look at that question included in 
list we submitted to you, as to the best way of deal'ng 
with sewage in storm times? You have not dealt with 
it in this evidence you have handed in. But if you had 
any views to lay before us as to the treatment of storm 
water generally it would be interesting to have them ?—I 
really dealt with that matter in my previous evidence, 
I thought—the question of storm water and its admission 
into streams. 


24440. In fact you consider that you have had your 
say, so to speak, in regard to that ?—I think so; that was 
one of the special points that I was asked to give evidence 
upon on the previous occasion, and I omitted it on 
the present occasion as I had given evidence on it 
previously. I suggested that the present six times the 
dry weather flow required by the Local Government Board 
was reasonable. I gave statistics in the shape of figures 
as to the effect of storm waters on streams. I also sug- 
gested that central authorities such as county councils 
should be empowered to abolish weirs as bearing upon 
the question of storm overflows especially. 


24441. (Colonel Harding.) You mean disused weirs ? 
—Not necessarily disused weirs. We have in one or two 
instances pressed the local authorities in Staffordshire 
and they have taken steps to abolish them, by purchace 
when necessary. Where the streams are stagnant, weirs 
cause a very great nuisance indeed from the deposit of 
sludge above. 


24442. (Chairman.) On question 54 have you any 
experience as to brewery waste 7—I have. 


24443. And can you tell us what precipitation is the 
best to use for that ?—That is granting a precipitant 
is essential. In Lichfield, for example, we get very good 
results from lime and alumino ferric. If you refer to the 
last table you will find the results of the Lichfield works 
extending over a period of four of five years. It is fourth 
on the table. That is a very strong brewery sewage. 


24444. Is the treatment at Lichfield satisfactory; I 
mean does it avoid a nuisance ?—If Lichfield did not 
happen to be situated in the open country there would 
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be nuisance from the distribution of the sewage on the 
filters, because it is distributed by sprays, but where the 
works are situated it does not matter. I have another 
instance in Staffordshire where it has given rise to very 
great nuisance, namely, Stone, where the brewery waste — 
constitutes about two-thirds the volume of the sewage ; 
and there is a proposal now under consideration for 
dealing with the septic tank effluent by means of an 
antiseptic before distributing it on to the filter, adding 
it in sufficient quantity to deodorise, but not of course 
to destroy the organisms. 


24445. That is a proposal that has still got to be tried, 
I suppose ?—Yes, I do not think there is much doubt 
about it being successful, because if the septic tank is 
covered and ventilated, and the gases are burned, which 
is intended, then I think that the margin between an 
antiseptic strong enough to destroy organisms, and an 
antiseptic strong enough only to deodorise is so very 
great that it might very readily be used by means of an 
automatic arrangement so as to deodorise sufficiently 
without going any further. 


24446. On Question 74 can you give us any details 
about this tank that you have known to be in contin” ous 
use for three years without showing any need of re- 
newal. I mean can you tell us where the place was 
and at what.rate the tank was worked ?—That was at 
Birmingham. 

24447. And what was the nature of the sewage ?— 
The nature of the sewage was domestic sewage with a 
certain amount, but not very much in proportion, of acid 
waste. 


24448, And at what rate was the tank worked ?— I 
think at that time the period of septic action was about 
fourteen hours, including the calculated period of the 
sewage in the sewers 

24449. And there the sludge was almost entirely con- 
sumed ?-- Yes, it was. 

24450. During the whole period of three years 7— 
Yes, but large detritus tanks are in use there, and that, of 
course, is very important; I think the detritus tanks 
should be sufficiently large to save the septic tanks getting 
filled with solids. Mr. Watson, I believe, is giving evidence; 
he will be able to support that if he has not mentioned it 
already. 

24451. Do you find that the suspended solids coming 
away with the tank liquors tend to increase in amount 
towards the end of the period of working; that is as 
the time approaches for removing the sludge from the 
filter ?--T cannot say I have noticed that. With the - 
exception of one caseawhich was an experimental case, 
and was badly managed, I have never had any material 
trouble from any solids coming away from the septic 
tanks ; I think this entirely depends upon the capacity 
of the detritus tanks. 

24452. Question 86; is your answer founded on your 
own experience ?--Thatis so ; there are certain examples 
given in the general table. There is a special table deal- 
ing with chemically precipitated effluents—Table IJII. 
You will see the solids given in suspension there. 


24453. As to your views about the value of single 
contact, you would not deny that single contact had 
a value | suppose ?—It has a value, yes; it is a stage 
in the treatment, certainly. 

24454. And in a case like Exeter which you say is 
exceptional, it answers all purposes, does it not ?—Oh 
certainly, at Exeter ; it did at the time that I was there. 
The Exeter sewage is most exceptional; it contains a 
rerarkable amount of nitrates, and is very weak—tke 
weakest I have ever had experience cf. 


24455. Then on the question of open sides to a filter 
you say, “‘ My experience does not show that there is any 
advantage in constructing filters with open sides;” 
are you able to express that opinion with confidence ; I 
mean to say is your experience in the matter large ?— 
I have seen various works with filters with open sides, 
and I have never seen any. advantage in the open sides at 
all; we get better results, J think, than most people, 
from small grain filters with closed sices ; but in the case 
of sMal]l grain filters, open sides, of course, would not 
have the same application as in the case of large particle 
filters, because the air would not penetrate through from 
one side to the other. I have noticed a great nuisance 
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from flies in the case of open sided filters ; an enormous 
number of flies come away in the effluent and you see 
them crawling about in the open sides of the filter; we 
do not get that nuisance in the case of closed filters. 


24456. Then Question 164, you appear to thinkthat the 
requirements of the Local Government Board where they 
dispense with land treatment are needlessly harsh ?—I 
think so, distinctly. 


24457. But where no land treatment is provided there 
must surely be some substitute for it ?- I maintain that 
the capacity of filters usually required is sufficient to pro- 
duce, if properly constructed, a high class effluent ; you will 
not improve that effluent by placing it on land ; you will 
rather deprive it of its vitality ; it is not desirable to put 
it on land afterwards, I think ; and I think that the area 
of filters necessary ought to be provided irrespective 
of land treatment; you ought either to have the one or 
the other ; if you have biological treatment in filters well 
and good, that is if you have not sufficient and suitable 
land; but if you have sufficient and suitable land, then 
have land treatment; but I think it is a waste of money 
and a mistake to employ both biological treatment and 
and treatment. ; 

24458. Oh, I see ?— That is my position. 


® 


24459. Then if you had not sufficient land to make the 
one treatment for the whole of the sewage you would say 
do not use land at all? No, that is not my view. If 
some Jand is avai'able, and is suitable, by all means use 
it, as far as it will go, for land treatment only, that is 
after preliminary tank treatment, and make use of filters 
without land for dealing with the flow beyond what the 
land can purify. I consider it a waste of land and a 
waste of filters to employ duplicate treatment. 


24460. You would object really to mixing up artificial 
and land treatment ?—For this reason, first because it is 
unnecessary and very expensive; and secondly, because 
I think that in most cases the effluent deteriorates in 
consequence. My point really is this that you can do it by 
the one process or by the other, and there is no need for 
or advantage in employing the two in duplicate. 


24461. Then my last question is this: you criticise 
the practice of the Local Government Board in requiring 
the same cubic capacity of beds to be provided, whether 
the method of disposal is by contact beds or by percolating 
filters. Well, we have been told by some witnesses that 
the purifying effect per cubic yard is approximately the 
same whether it is a contact bed or whether it is a 
percolating filter for the sewage, but your experience is 
quite opposite to that ?—Oh, most distinctly, that is 
so. Supposing you take a cubic yard and a half arranged 
as a contact bed, four feet six inches deep, and a 
corresponding cubic yard and a half arranged as a filter, 
then I say that the contact bed effluent would not 
approach the filter effluent in quality—the single contact. 


24462. Now, have you experience in several places to 
bear out that opinion of yours ?—As far as I am per- 
sonally concerned—my own work is concerned—I have 
only the experience of one place; but I have observed 
other places. We have other works in Staffordshire, 
and I get effluents periodically from them, and I have, I 
may say, analysed single contact and double contact 
effluents, and my experience is that the single contact is 
invariably inferior, and very much inferior, to the filter 
effluent, although the double contact effluent certainly 
does approach the filter effluent ; but in my opinion you 
require very nearly twice the capacity in the one cace that 
you do in the other. 


24463. I mean, you are not going by experience in one 
place only ?—Oh, no, I am going by experience in several 
places, but not my own actual work ; except in one place 
I discarded contact years ago in consequence of work I 
conducted at Tipton with filters and contact beds treating 
the same sewage. I must say that I began the experi- 
ment with the belief that the result would be what it 
turned out to be, but I have never had occasion in my sub- 
sequent experience of other works to alter that opinion. 


24464. (Colonel Harding.) The special feature of the 
interesting evidence that you have brought before us, 
Dr. Reid, seems to me to be the fact that your experience 
in the Staffordshire district leads you to believe that 
septic tank effluent may be brought out, with so little as 
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from five to eight parts per 100,000 of suspended matter ? 
—-Yes, with a proper detritus tank. 


24465. And filtering an effluent so free from suspended 
matter you find that very fine material may safely be used ? 
—I not only say that, but I think that even if the effluent 
contained much more suspended matter it would still 
be advisable to use fine material. 


24466. Well, first in regard to the septic tanks: vhe 
evidence which has been brought before us is that 
as a rule in almost every case the amount of suspended 
matter in the septic tank effluents is considerably larger 
than you tell us is obtainable in the Staffordshire district ; 
and one is anxious, therefore, to ascertain from you how 
far there are special conditions in connection with the 
Staffordshire sewages, or in connection with the con- 
struction, the working of septic tanks in Staffordshire 
to bring about these very exceptional results ; you said 
just now that it was necessary that there should. te 
preliminary detritus tanks ?—Certainly. 


24467. And I think you have quoted in one of your 
answers to Lord Iddesleigh’s questions the septic tanks 
at Birmingham ?—Yes. 

24468. As showing that there was very little accumula- 
tion of sludge in the septic tanks there ?—Yes, that is so. 


24469. But I do not know whether you areaware of it. 
that in these septic tanks at Birmingham, in the period 
to which you refer, only about four parts or perhaps 
five parts per 100,006 of suspended matter were left in the 
tanks at all ?—I do not understand what you mean by five 
parts. 


24470. May | explain it in this way: quoting from Mr. 
Watson’s own figures of Birmingham he says that at one 
period the effluent passing away from the roughing tanks, 
which are detritus tanks, only contained twenty-nine 
parts per 100,000 of suspended matter; the Birmingham 
sewage contains about sixty parts ?—The roughing tanks 
would be the detritus tanks in this case. 


24471. Yes, what we call the detritus tanks ; so that of 
the sixty parts originally in the Birmingham sewage, 
thirty-one parts were left in the detritus tanks ?—Quite 
so, the detritus tanks at Birmingham are very large. 

24472. And only twenty-nine parts went forward to 
the septic tanks ?7—Yes. 


24473. At the same period he says that the effluent 
passing away from the septic tanks contained twenty- 
five parts; and, therefore, there could only have been 
left in the septic tank the difference between twenty-five 
and twenty-nine, namely, four parts 7—I see what you 
mean, yes. 


24474. And, therefore, one would not be at all surprised 
that there was accumulation at an exceptionally slow 
rate seeing that so little was left behind ?—Yes, they had 
been working three years at the time I am speaking of. 


24475. That is one of the periods to which Mr. Watson 
refers in another case ; he says he was able to bring about 
more effective sedimentation in the detritus tanks; and 
that in the second period only seventeen parts passed away 
in the effluent from the detritus tanks ?—Yes. 

_ 24476. When that was the condition of things the sus- 
pended matter in the septic tank effluent was reduced to 
thirteen parts,?—Yes. 

24477. So that even then only four parts were left ke- 
hind ?—Twenty-four parts were removed, yes. 

24478. 1 want to point out to you if what you have in 
view in giving us these figures is that there should be first 
of all natural sedimentation followed by septic tank action, 
quite on a minor scale; then one begins to understand 
how it is possible to reduce the suspended matter so far, 
but in the septic tank action, particulars of which have 
been given to us hitherto, as a rule almost everything goes 
into the septic tank; a great deal of matter is left in the 
septic tank ?—Yes, naturally. 

24479. In the Birmingham case wnich you quote, very 
little is left in the septic tank; now, I may take it that, 
speaking generally, that is the method of working in the 
district which you are speaking of ?—No, in most of my 
districts the detritus tanks, although large, are not so 
large as at Birmingham, but relatively speaking, the sep- 
tic tanks are much larger. 


24480. Namely, that first of all, there is large sediment- 
ation in so-called detritus tanks followed by much slighter 
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sedimentation in septic tanks Followed by septic tank 
treatment for a longer period than is adopted in Birming- 
ham. I think at one time in Birmingham the period in 
the septic tank was only about eight hours. 


24481. Yes ?—Well, I do not think that is sufficient. 


24482. But the special point which I want to get at in 
explanation of the interesting data that you give us, is 
really to what extent the bulk of the suspended matter 
is in your district withdrawn from sewage before it passes 
to the septic tanks ?—Oh very largely, very largely. Lam 
not sure whether I give that or not. 


24483. Where have you an instance—at Hanley, for 
instance, in your Table IV., [find there are sixty-two parts 
in the sewage ?—Yes. 


24484, And in the septic tank effluent there are only 
4-4 parts ?—Yes. ; 
24485. A very small quantity indeed ?—Yes. 


24486. Now, between the arrival of the sewage at the 
works and its going into the septic tank what amount of 
sedimentation has there been in the detritus tank 7—Oh, 
considerable sedimentation, the detritus tank had to be 
emptied twice a week. 

24487. Have you any figures ?—No, I have not. 


24488. Do you happen to know how far the bulk of the 
suspended matter is left in the detritus tanks ?—No, 1 
have not analysed the effluent from the detritus tank going 
into the septic tank ; I have only analysed the sewage and 
the effluent from the septic tank, so I cannot say to what 
extent the solids remain in the detritus tanks. 


24489. Should you think the conditions were parallel 
to what I was giving you at Birmingham ?—Oh, yes, 
except that the period of septic tank treatment is very 
much longer, namely, twenty-four hours at Hanley. 


24490. In regard to the quantity of suspended matter 
going into the septic tank, do you think the conditions are 
the same as at Birmingham ?—I do not think they are so 
favourable as at Birmingham, because the detritus tanks 
there are very much larger in proportion than at Hanley. 

24491. Then we are to take it that when you speak about 
getting a septic tank effluent with so small a quantity of 
suspended matter in it, it is an effluent which has first of 
all been submitted to a process of natural sedimentation 
followed by septic tank treatment in which comparatively 
little matter is deposited at all ?—At any rate. compara- 
lively little matter remains after a period of working, 
whether it is deposited and afterwards liquified and passes 
away or not I am not prepared to say. 


24492, Can you really express an opinion as to the 
amount of digestion which takes place in the septic tank 
unless you have gone into the matter to the extent of 
what goes in and what comes out ?—No, I say I cannot 
say whether what remains there is what comes in in the 
first instance or whether more goes in in the first instance 
and is digested while there. 


24493. You are unable to express any opinion as to the 
amount of digestion in the septic tank ?—Quite so; I 
have not done nearly so much work in that direction as I 
should like to. - 

24494. Clearly, then the explanation of there being in 
your experience so little accumulation in the septic tanks 
is that really very little is taken to the septic tank ?— 
Well, it is either very little is taken to it, or if it is taken 
to it it is digested in it; that I am not at present pre- 
pared to answer ; it would require to be gone into very 
carefully. 

24495. It would be very interesting to us if you were 
able to put before us figures showing to what extent the 
suspended matter in the sewages in your district are first 
of all settled naturally, and to what extent they are 
septically treated ?—Well, I shall hope to do that. 


24496. It is a vital point, because in all the evidence 
that has come to us from other districts, in important 
places such as Manchester, Leeds, and many other places, 
where the septic action is the main action, the deposit in 
the septic tank is practically the deposit of all the sus- 
pended matter in the sewage, except what goes through 
with the effluent ; in those cases it is tound that, after 
a comparatively limited perigd, say two years, thea 
tank reaches such a condition of accumulation that it is 
absolutely necessary to stop the work and empty the 
sludge out ?—That is without the detritus treatment. 


MINUTES OF EVIDENCE: 


24497. Yes ?—Oh, of course. 


24498. ‘Then the explanation of the peculiar results, from 
your district is that before the septic tank, there is very | 
considerable natural sedimentation ?—Oh, yes, certainly, 
if you like I will endeavour to get some information on 
that specilic point, if the Commission would like it, at 
e-rtain works to show exactly the sewage that goes into 
the detritus tank, the sewage that comes from the detritus 
tank, and the effluent which comes from the septic tanks 


24499. That seems to us quite necessary in order to be 
able to judge of the value of the antecedent sedimentation? 
—Yes, it is very desirable; as I say, I should like very 
much to do it; most of my work hitherto has been 
directed to the mainresult—I had not time or opportunity 
to go <ufficiently fully into all points of interest. 


24500. We quite understand you are supervising the 
effluents, but you are not managing the sewage works ; 
that is left to somebody else ?—Quite so. 


24501. Have you noticed in the septic tank, worked 
the way in which you say, the presence of considerable 
scums ?—Well, sometimes considerable scums, sometimes 
very thick indeed and solid, but not by any means always. 


24502. The scum is sometimes there, sometimes not 
at all ?—It really seems to be a matter of wind ; when the 
scum begins tc form and gets anything like solid then the 
wind does not interfere with it. 


24503. It has been suggested to us that when heavy 
rain comes it causes the scum to sink and then to bread 
up ?—Yes. : 


24504. Have, you noticed in connection with these 
septic tanks any great variation in the amount of sus- 
pended matter coming away ?—I have not studied my 
records with that object in view, but there is undoubtedly 
great variation; I might look through my records and 
answer that question. 


24505. All these authorities thet you are speaking of, 
so far as you know, have not taken constant analyses 
in order to see the variation in the suspended matter com- 
ing out ?—They do nct make any analyses as a rule, that 
is mostly done by the county council only I regret to 
say. 

24506. You probably are aware that at all events in 
other places where analyses have been taken there is con- 
siderable variation in the amount of the suspended matter 
coming away ?7—Yes, I can quite understand that. 


24507. One of the reasons accounting for that varia- 
tion is this question of scums. It is pointed out that 
in times of heavy rain the scum is forced down lower 
into-the water, the gas supporting it is disturbed, and a 
great quantity of the matter held up then falls down, and 
passing in front of the pipe carrying away the effluent 
leads in that way to rushes of suspended matter ?—Yes. 


24508. My object in asking you these questions is to 
ascertain how far in your district, as elsewhere, at times 
considerably more than the very small quantities which 
you give us in these analyses come away with the septic 
effluent; at Hanley, for instance, you put down as coming 
away with the septic effluent so little as four parts ?—Yes. 


24509. But you probably think there are times when 
much more than that comes out ?—If you like I will give 
you the actual figures of the analyses I have made with 
regard to Hanley ; the mean figures only are given in the 
tables presented. 


24510. Can you teli us within what limits they vary ? 
—I am afraid I cannot without referring to my books of 
records. 


24511. Is this the mean upon a large number?—No, 
only upon seven in this particular instance. 


24512. Seven ?—Seven separate septic tanks. 


24513. Taken at the same period ?—On different 
occasions. 


24514. But at what age of the septic tank ?—Well, I 
began about two months after they were first started, 
and the experiment, I think, was completed as far as these 
figures are concerned within about eighteen months. 


24515. Then some of them would be experiments 
taken after the tank had been working about two years ? 
‘Yes, . 
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24516. And do you find as a tank gets older, and as 
the accumulations such as they are increase, you get 
more suspended matter in the effluents ?—That I cannot 
say. Mr. Watson will be able to give you evidence upon 

that point, because he has had repeated samples taken 
of tank effluent during years of use without emptying. 


24517. We have had a great deal of evidence from 
various places upon this point where constant analyses 
have been taken, and all that evidence goes to show that 
the amount of suspended matter coming away with the 
septic tank effluent steadily increases as the accumula- 
tions rise in the tank, and the capacity of the tank is 
diminished ?—Yes. 


24518. And increases to a point when it is no longer 
economical to work the tank; it is better to stop and 
empty out the sludge ?—Yes, and I should say in these 
cases thatthe detritus tank accommodation, if it exists, is 
very much too small. 


24519. In many cases it does not exist at all ?—In 
which case I do not see by what process anything else 
could happen if you turned the road detritus into a 
septic tank you must necessarily diminish its capacity 
very rapidly. 


24520. You know at times the suspended matter in 
the septic tank effluent rises considerably ?—Beyond 
the 4-4; of course, that is a mean in that case. 


24521. In other cases I see you have given us the 
matter going on to the filters as being 8, and you say 
in your answer that from 5 to 8 parts is the tigure 
that it might be reduced to ?—Which should be aimed 
at. 


24522. 5 to 8 parts ?—5 to 8 parts, yes. 


24523. In your filters you look with approval upon an 
effluent which is very clear and contains exceedingly 
little suspended matter ?—Yes. 


24524. And I think you say that in this district ex- 


cellent results have been obtained, in which, if I may- 


take Hanley as an instance, only 0-6 of a part of sus- 
pended matter has appeared in the effluent ?—Yes. 


24525. In other cases, I find, for instance at Pelsall, 
that it is 1 part ?—Yes. 


24526. Now, if 8 parts go on to the filter, and 
only 1 part comes away, what becomes of the other 
7 parts ?—Well, I believe that they are liquified in the 
filter. With small grain filters all the solids are held 
back on the top; they do not go down into the interior 
of the filter at all. And I believe that liquifaction takes 
place on the top; it is constantly going on, and the 
solids do not really get into the interior of the filter at 
all, That is one reason why I bkelieve it is very much 
better to have small particles on the top of the filters. 
On digging into these filters after they have been in use 
for two or three years, one finds that the solids are all 
really within the first 9 or 12 inches. I opened one of 
the filters at Lichfield the other day, and the filtering 
particles were quite foul down to about 9 or 12 inches ; 
and afterwards right down to the bottom the particles 
were as clear as the day when they were putin. The 
same applies in the case of Burslem. There the Slter 
particles are light coloured (Saggers); so one can judge 
very well as to their condition. Here crude sewage, 
after subsidence in a detritus tank only, is discharged 
on to the filters. The plant (double filtration) has been 
working for four or five years and the solids in the 
effluent are 1:1, while the solids in the sewage are 
32-0; that is to say, after settlement. All those solids 
are digested in the filters. These filters are still giving 
good results and beyond surface raking and forking, 
nothing has been done to them during the whole period., 


24527. That is an exceedingly important point you 
have raised. Referring to your previous answers, you 
say that the suspended solids are held back by the top 
layer of the filter where they are digested ; and in another 
passage you say they are entangled in the upper layers 
of the filtering material where the suspended matter 
is gradually liquefied ?—Yes, 


24528. And you now name to us an instance where 
32 parts go upon double filters and only one part ulti- 
mately comes out ?—Yes. 
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24529. And there is no accumulation in the filters, 
and you suggest to us that the 32 parts have been lique- 
fied and digested—consumed ?—Yes. 


24530. Of course, if the 32 parts have been digested, 
you have no hesitation in saying that the 8 parts put 
on the septic tanks in the other places have also been 
digested ?—Yes. 

24531. Are you quite sure that that is possible; if 
you take the 32 parts that go on to your filter and you 
ignite them you will get some ash left, will you not ?—Yes. 


24532. Do you suggest that the part which would ke 
left, which probably would be a half of the 32 parts, 
is digestible by bacterial action 7—I do not know that 
it would be half ; I do not know that it would be as much 


“as half. 


24533. Have you investigated that ?—No. 


24534. Supposing it were half ?— There the fact re- 
mains that this material—thirty-two parts—does go on 
and has done for years, and by some process or another it 
has been dealt with, because you can take the filter to 
pieces and it isnot there; as I say, it is held back on the 
top. 


24535. One can quite conceive that if the surface is 
exceedingly fine the suspended matter would remain 
on the surface, that part of it might be digested, and 
that the remainder it is possible to remove by raking ?— 
No doubt there is a certain amount of accumula- 
tion, but it is so slight that it is not apparent. 


24536. It is not appreciable ?-—If it had been materia! 
these filters would have been raised up towards the dis- 
tributors, but apparently they have not; the space be- 
twee the filter surfaces and the fixed distributors being, 
as far as one can see, the same ag at first, 


24537. In your filter at Hanley you have not a specially 
fine substance on the surface ; it is the same as at the 
bottom of the filter ?—We go down to one-eighth of an 
inch in the body of the filters, 


24538. But you have not made a special difference ?— 
We have not made a special difference ; we shall do so in 
the permanent works, however, using § in. particles for 
the top and + in. to 4 in, for the bcdy because of 
economy. Were it not for the cost I should recommend 
L in. particles throughout. 


24539. Have you found accumulation of the matter 
there ?—Oh, yes. 


24540. And with material of that kind is it possible to 
form it into heaps ?—It is only forked up and raked. 


24541. Mixed up with the material ?—No, only on the 
top, not allowed to go below. 


24542. If it is forked over, the surface accumula- 
tions get so far into the bottom of the tank ?— Well, a 
little distance ; a few inches down. 


24543. Do you not think they are likely to be washed 
through ?—The object of forking is really to break up any 
little tenacious sediment which forms on the surface ; 
that is all. 


24544. Would it be possible to remove it frequently by 
raking it into heaps ?—It would be possible. but it does not 
seem to be necessary. 


24545. Of course, that is really the whole question. 
that if you put a certain quantity of suspended matter 
on a filter of fine grade, the life of that filter may be re- 
duced by the accumulations of undigested suspended 
matter ; and the special interest in your evidence is that 
in your district it has been found possible to use this very 
fine material and yet not to be troubled by any of these 
accumulations ?— Yes. 


24546. The evidence from other districts being strongly 
the. other way ?—But have you had evidence from other 
districts in which small particles have been used ? 


2454.7. Perhaps not quite so small as this ?—That is: 
my point. 

24548. But still very small; we had one particular 
instance where the material was small and where very 
rapidly the surface was choked ; and although this was 
forked, and much of the matter r.moved ultimately a 
good deal of it got down into the body, so that the filter 
had to be abandoned ?—I have no examples of that except 
in the case of the large particle filter where you do get the 


4E2 


Mr. George 
Reid, M.D., 
PoE 


17 May 19065. 


588 MINUTES OF EVIDENCE : 
foto : 24568. You have not investigated how far the sus- 
Mr. lids into the middle and apparently when they do get 2 \ 
held, MD into the middle of a filter Fines cannot be dealt with; they pended matter passing ayeey fcom the detritus tank would 
D.P.H. — must be washed away with the effluent or remain there ; leave ash if it were burned ?—No. 


it is only on the top apparently where they can be 
digested. 

24549. Isaw quite recently a percolating filter with 
absolutely sand material on the surface, upon which 
an effluent was put which was thoroughly clarified, 
chemically precipitated, and even in that case after work- 
ing only a few days there was on the surface of the sand a 
thin film of deposited matter ?—Yes. 

24550. Which they fotind it necessary to remove every 
week ; raked it into heaps and took it away ?—Do you 
know at what rate the sewage was being put on the filter ? 


24551. At a very slow rate; quite an exceptionally 


slow rate ?—Because you can clog any filter by increasing 
the rate of flow. 


24552. In this case it was excessively slow. Of course 
we shall be greatly interested to hear from your district 
whether it is found practicable to continue to use the 
very fine material; but evidently you yourself agree 
that where a fine material of that kind is used, there must 
be very complete clarification ?—Of course. it is desirable 
to have as complete clarification as possible, but in my 
experience it is not essential. 


24553. Do you say to us that it is possible to increase 
considerably beyond the five to eight parts that you sug- 
gest as possible, that it is possible to increase the suspended 
matter beyond that point considerably, and still to use 
fine material ?—Certainly ; and that is done at Burslem ; 
we put thirty-two parts on to the filter there. 


24554. Then what is the process of settlement there ?— 
Only a large detritus tank ; the sewage is pumped from a 
pump well, or rather a tank which is large enough to con- 
tain about 12 hours’ flow, if not more ; but as a matter of 
fact it is never allowed to get full ; it passes into a detritus 
tank, and from there into this tank, which was originally 
designed as a subsidence tank, but is now used merely 
as a pump well; and is never allowed to fill, so there is 
practically only detritus treatment there. 


24555. And does this sewage so settled pass on to 
contact beds ?—On to filters. 


24556. Yes, you limit the term filter to the percolating 
filters ?—Yes. 


24557. Then it is not on contact filters, but on perco- 
lating filters ?—Quite so, yes. 

24558. And in that case you put thirty-two parts on 
to the first filter ?—Yes. 


24559. And only one part comes away from the second 
filter ?—Yes. 

24560. And there is no accumulation ?—There is no 
accumulation. 


24561. How long has that filter been going ?—That 
filter has been going now, I should think, five years ; and 
the size of the particles I think I give. 


24562. Have you actually dug down into the first filter ? 
—Yes, and had specimens taken up from it; not very 
lately ; that was when I reported upon the particular 
works. 

24563. What age was that first filter when you then 
examined it ?—Eighteen months. 


24564. It has been working since ?—I estimated at 
that time, taking into account the solids that went on to 
it, that three times the capacity of the filter itself in sludge 
had been consumed. 


24565. We should like to see an analysis of the 
Burslem effluent going on to the first filter with its thirty- 
two parts, in order to know with regard to that suspended 
matter how much of it would be ash and how much 
organic ?—That could easily be done. 


24566. Because if, for instance, half or third of it were 
indigestible, it is obvious, is it not, if it does not come 
away it must remain behind ?—Of course, if that is so 
it would get clogged, but that would only apply, strictly 
speaking, because the detritus is kept back. 


24567. Do you mean that thé proportion of mineral 
matter is largely taken away in the detritus tank ?—Oh, 
yes. 


tank treatment ; 


24569. That seems rather an important point ?—The 
works are still there and they are available for any ex- 
periments that the Commission like to apply. 


24570. That is a vital point, affecting the life of filters 
of all kinds, whether contact or percolating ; and hitherto 
it has been found that if the suspended matter does not 
come away the filter is bound to choke up because a large 
part of thesuspended matter is not digestible by bacterial 
action even after passing through a detritus tank ?—Yes. 


24571. Now, do you not find at Bursiem that at times 
after the filter has been working several years a good 
deal more suspended matter com_s out; the figures you 
have given us are in the earlier period of the life of the 
tank. Have you any idea what the amount is now? 
—I have not made any analyses very lately in this par- 
ticular case, but my inspector reports regularly as regards 
the effluent and it has maintained, as far as appearance 
goes, its original standard the whole time. 


24572. Just one other point. I think you expressed 
to Lord Iddesleigh the opinion that it was undesirable 
to mix up artificial filtration with land filtration ?—Yes. 


24573. And that it was therefore undesirable to have 
a first filter followed by treatment on land ?—Yes. 


24574. But I did not gather that you gave your reasons 
for that; or if you did I am afraid I did not catch them ; 
would you mind telling us ?—Well, may I put a case? 
It frequently happens; it has happened once or twice 
in Staffordshire that works are designed, first, for septic 
second, single contact treatment ; 
and, finally, land. Well, now, what I maintain is that 
the land, if it is suitable land, would deal with the 
septic tank effluent without the intervening stage of 
contact, and that this intervening stage is a need- 
less expense, but by reason of its being introduced the 
Local Gevernment Board will sanction a much smaller 
area of Jand than they otherwise would do; they will 
sanction, 1 believe, something like 1,000 persons per acre. 
Now, 1 maintain that the fact of introducing single con- 
tact in no way helps that land if you are going to put 
that quantity of sewage on to it. 


24575. You think you would have as much difficulty 
in passing that volume through the land whether it has 
gone to a contact bed or not ?—It is not so much the 
difficulty of passing thrcugh that volume as the difficulty 
of getting it nitrified, and that quantity of sewage on that 
area of land willnot be nitrified, and the intervening process 
of single contact will not materially help the process in 
my opinion. 

24576. The single contact which is interposed will 
bring about, of course, considerable purification ?— 
Certainly. 


24577. It will bring about some digestion of the sus- 
pended matter which came through ?—Yes. 

24578. So that the work to be done by the land will 
be less ?—Yes, but not sufficiently less to make it worth 
while. 


24579. You would prefer a second contact filter to 
the land ?—If there is not sufficient area of land certainly, 


Ido not think it is necessary to have a second filter, but 


if you have contact I certainly should have. 


24580. 1 think you expressed thatgview yourself, that 
the single contact is insufficient ?—Yes, quite so. 


24581. Then you must have either second contact or 
you must have this land treatment ?—Yes, or single 
filtration. 

24582. Well, I do not quite see if the land is there and 
suitable, why it should not serve the purposes of a second 
contact filter ?—If it is of sufficient area. 


24583. One is assuming ?—If it is of sufficient area 
and good land then I submit that contact is not 
necessary ; the land will do the whole thing. 


24584. But the land would produce proportionately 
better results ; they would be better with a first contact 
bed than without ?—I do not think so. 


24585. If it has certain purifying powers, and it has 
less to do, the final result would be better ?—The thing 
is this; the great point which determines whether the 
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land will answer or not is not so much the quality of the 


material put on it, as the volume, and you cannot gu 
beyond a certain volume even with very good land; you 
can go up to a considerable volume, but not to a 1,000 
persons per acre, and the interposition of contact treat- 
ment will not materially help matters. 


24586. Your objection is to the large volume 
proposed to be passed over the land ?—Yes, if you like, 
use that area of land for what it is worth after septic tank 
treatment or chemical precipitation, which ever you like. 


24587. And supplement ?—And supplement it by 
single filtration or double contact in the case of the 
sewage flow beyond that which the land is capable of 
dealing with. 


24588. Your view is really on the economical point ?— 
Most certainly. 


24589. You think it would be better to use the land as 
far as it may properly be used, and then supplement 
it by contact beds, rather than mix the two processes?— 
Quite so, or, as I should prefer, filters. 


24590. Not because there is any objection other than 
the question of volume ?—Yes, there is an objection, I 
maintain, because if you first pass it through a single 
contact bed you will get purification up to a point, but 
if you then put the sewage of anything approaching 
1,000 persons on an acre, even if the land is phenomenally 
good, you will not improve the purification. 


24591. Your objection is to the volume proposed to 
be put on the land ?—It will only act as a mechanical 
strainer; you will get no further purification or nitri- 
fication. 


_ 24592. I think you said in cases where the Local Govern- 
ment Board did not insist upon land that they do insist 
upon an excessive area of artificial filters ?—Yes. 


24593. Can you point us to any case where there is 
an excessive area of artificial filters provided under 
their influence ?—That has really only arisen lately ; 
it is only lately that the Local Government Board have 
consented to consider the question of artificial filtration 
without land, and now they say, ‘Very well, we 
will sanction this scheme without land, but you must 
double your. area of filters.» Then, of course, we are 
no better off ; we have twice the capital to spend. 


24594. ITsee; then as a fact that has not been done ?— 
It was to be done in one district ; we made a very strong 
representation to the Local Government Board, and I 
do not know what position the Board will take, but I 
hope that they will sanction this scheme in the way that 
Isuggest, namely, that they should sanction it provision- 
ally, and if it is found that the area of filters provided 
does not give satisfactory results then the authority will 
extend. 


24595. Are you able to tell us what the volume per 
cubic yard was in this case before the Local Government 
Board ?—The practice is to base the estimate on a foot 
yard that is a square yard a foot deep, and I think the 
volume is fifty-six gallons per foot yard, but Mr. Willis 
will correct me if lam wrong. 


24596. (The Secretary.) Twenty eight gallons without 
land ?—Very well—they require twice that capacity 
without land. 


24597. (Colonel. Harding.) I suppose really their pro- 
vision is this, that if there is land they will allow one 
contact ; but if there is no land available they insist upon 
two contacts; is that what you mean by doubling the 
area of the filters ?—That is not what I mean by it We 
say that single filtration at a certain rate of flow will 
give a high class effluent which will not be improved by 
land. The Board will sanction filtration or contact with 
the same capacity in each case and subsequent land 
treatment ; if, however, land is not provided, then the 
alternative is double the capacity of filters or contact beds. 


24598. You do not object where contact beds are 
used to there being double contact filtration; if there 
is no land you say that single contact is insufficient and 
that in your case you must have double ?—No, I say 
single contact is not sufficient, but single filtration is. 


24599. So that you are in entire agreement with the 
Local Government Board ?—No, I say that the present 
requirements for filters are sufficient without land treat- 
ment to follow. 
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24600. You say that instead of contact filtration at all, 
you prefer percolating filters ?—Yes. 


24601. In which case a single filter is sufficient ?—Of 
a certain depth, yes. 


24602. Of @ certain depth ?—Yes. 


24603. But this regulation I think does not apply 
to percolating filters, does it ?—The Board make it apply 
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to both ; they only look to the cubic capacity, whether . 


the treatment is by contact or by filtration. 


24604. That is to say there should be the same quantity 
per cubic yard in either case ?—In either case. 


24605. Your claim is that two contact beds 5 feet 
deep are double the cost of a percolating bed 5 feet deep, 
and that you get the same results in either case ?—I say 
double contact ; not necessarily 5 feet in each filter ; it 
does not mean that ; I have thought it over ; you do not 
require quite double the capacity in contact that you do 
in filters, but very nearly that. 


24606. Supposing you had two contacts of 3 feet deep, 
and you were comparing those with a percolating filter 
6 feet deep; of course, you have the same volume of 
material ; do you think that the results of the filtration 
would be better in the percolating filter, and do you think 
that the volume to be passed through would be larger ? 
—The results, taking corresponding volumes, would be 
immensely better in the filter. 


24607. With corresponding volumes ?—Yes, immensely 
better. 


24608. Then to get equal results you would be able to 
bring through the percolating filter a much larger volume ? 
—Yes, you would have to diminish your flow on to the 
contact beds about half to get the same result, or approach- 
ing the same result, as from the percolating filter. 


24609. Well, any way these regulations of the Local 
Government Board are provisional, are they not ?—Oh, I 
hope so. 


24610. Depending upon experiments and the report of 
this Commission ?—It would seem to be so, but regarding 
this point my work has long ago ceased to be experi- 
mental except for special sewages. 


24611. (Mr. Stafford.) In reply to Question 19, what 
places are these you speak of: “‘ As regards trade effiu - 
ents, those of which I have had the most experience are 
the following.” At what places are these works ?—You 
mean the galvanising waste ? 


24612. Yes, and the brewery waste and chemical 
waste ?—Well, the galvanising waste is in most of the 
towns in South Staffordshire. 


24613. In most of the towns ?—In Wolverhampton, 
Bilston, Tipton ; in most of these towns where galvanising 
takes place. The brewery waste, as far as I am con- 
cerned, is chiefly at Lichfield, Stone, and Burslem, 
but at Burslem the quantity is not so very great compared 
with the sewage flow. 


24614. And your chemical waste from works at most of 
these places, I suppose 7—The chemical waste from the 
chemical works is at Oldbury. That is a very bad ex- 
ample of the absolute incapacity of the works very largely 
owing to the chemical waste. 


24615. Have you any experience of the particular 
place in which the sewage is too acid to filter, because 
you speak of adding a certain amount of lime ?—Yes, that 
is at Wolverhampton ; it is quite impossible to put the 
Wolverhampton sewage through an artificial filter without 
first chemically precipitating. 


24616. It is so acid ?7—Yes. 


24617. Is that the only place ?—Yes, the only place 
where it has been tried and stopped at once; it was 
quite impracticable ; there was a proposal at Bilston to 
put down works of septic tank treatment and artificial] 
filtration ; I opposed the scheme on the ground of the 
acid waste in the sewage, and it was altered, so it will 
not be done there; they will now chemically precipitate 
there, but the same thing would have happened at Bilston 
that has happened at Wolverhampton unless they had 
altered their proposal. 

24618. It is quite exceptional I suppose ?--I think 
it would apply in all cases where these works exist ; in 
some of the towns now they have not got works that you can 
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call works where acid goes into the sewer, and in many 
cases it goes into the streams and not into the sewers at 
all ; of course, we are hoping to get it out of the streams 
and into the sewers; then it will absolutely compel the 
authority to adopt chemical precipitation, unless where, 
as in the case of Birmingham, the sewage flow is so 
much greater than the waste, that it does not materially 
affect the question. 


24619. You say, ‘‘ Probably a high class effluent 
can only be obtained by means of a deeper filter than is 
usually found necessary, or, better still, perhaps, by double 
filtration through shallow filters.” You are speaking of 
brewery works ?—Yes. 


24620. What kind of filters are you referring to os 
Percolating filters formed of small particles. 


24621. { think you referred to some experiments you 
are making at Stone with regard to treatment of septic 
tank effluent with some form of deodorising material 
Do you think we know sufficient about purifying bacteria 
to enable you to deal with evil smells without destroying 
the purifying bacteria used ?—Well, of course, that 
remains to be seen; I have proved that the brewery 
sewage at Stone can be dealt with by a septic tank 
treatment and double filtration; in that case, I do not 
think it could be done with single filtration except with 
a deep filter—and two shallow filters in my opinion are 
better than one deep one—but the nuisance is too great 
in that particular locality. If we cannot do it in the way 
I suggest it will put Stone to an enormous expense in 
getting land a long way away from the town and pumping 
sewage up to a height; we are endeavouring to avoid 
that, and to some extent we have reason for it, because 
they have been adding permanganate of potash to these 
tank effluents for the puropse of limiting the smell, and 
they have succeeded in doing it materially. But, of 
course, that is too costly altogether, and what we hope to 
do it by is ““ oxychloros”? advocated by Dr.Rideal. I have 
recommerded my council to wait, for the purpose of seeing 
what is the result of this treatment if it should be adopted. 


24622. Is this a germicide ?—It is a germicide if used 
in sufficient strength. 


24623. But would it be of any use if used in insufficient 
strength ?— Oh, yes. 


24624. As a deodoriser ?— Yes. 


24625. You think you will get it to act as a deodoriser 
without being a germicide ?—I hope so. 


24626. Have you made any experiments with it ?— 
Not with this sewage. 


24627. With any sewage ?—No, I have not personally. 


24628. This is something you cannot speak of frcm 
experience ?—An antiseptic can be usea just up toa point 
merely a3 a deodorizer, but if you go any further—--- 


24629. But what point is that ?—Of course, that has 
to be ascertained by experiment. 


24630. My point is this, ao we know enough about this 
purifying bacteria ?—As to know what will kill them ? 


24631. Quite so ?—Well, I was just thinking of an 
example that I had on one occasion which rather led me 
to suppose that they were not so easily killea as one 
imagines; it was in the case of a sewage which I 
thought. would kill them and I found it did not; I 
have just forgotten for a moment where it was. That is 
yay impressior, that they are not so easily damaged as 
one might suppose ; however, it will entirely depend upon 
the working of the experimental plant whether the 
authority will adopt the proposal. 


24632. Why did you not try ordinary chemical puri- 
fication treatment at Stone ?—For the same reason: 
you have to handle the sludge, and the works are so badly 
situated, that even in the handling of the sludge you 
have nuisance, and also in the distribution of the 
sewage, even chemically precipitated sewage. 


24633. Yes, I see ?—They have been chemically pre- 
cipitating ; that is what they have been doing. 


24634. And they have been treating afterwards on 
contact beds ?—On filters, and my object in going into 
the matter was to see what could be done by septic tank 
treatment, to avoid the chemical precipitation of the 
sludge, and then it was found that this would add very 
much to the mischief from the nuisance point of view. 


MINUTES OF EVIDENCE : 


24635. It would be very interesting to find out whether 
you succeed in deodorising without destroying the germs ? 
— Of course, that is the thing one has to guard against. 

24636. (Major-General Carey.) On Question 123, | 
beyond the experiments at Burslem, have you had actual 
experience Of the results of purifying the sewage in a 
percolating filter which has only previously passed 
through detritus tanks and a roughing filter ?—No, only 
Burslem. 

24637. Your experience is limited to the Burslem 
experiment ?—It is with regard to that particular form 
of treatment, yes. 

24638. Question 128 ; inestimating the area of percolating 
filters in terms of the number of gallons per square yard 
which is required for the treatment of ordinary sewage; 
what limit in the rate of supply to the filter per square 
yard do you suggest should be adopted for the average 
daily ary weather flow and storm sewage coming to the 
works, allowing for periods of rest. I observe that in 
Table IV they vary continually ?— Yes. 

24639. Have you considered ary limit in the number 
of gallons per square yard which should be put upon a 
filter ?—Of course, that will be regulated very much 
by the quality of the sewage; but in the case of an 
ordinary domestic sewage I think you may for a long 
period with proper distribution ; of course, that is of 
vital importance; for a long period you may work up to 
200 gallons per yard with a filter something like five 
feet deep, but you may over-do that filter for a short 
period during storm times without materially injuring 
it; of course, now and again it will be necessary to rest 
the filter, but the rest need only occupy a few days; it is 
astonishing what a few days rest will do for a filter. I 
think 200 gallons per yard is a maximum for anything. 
like cont‘nuous working, end then there must be perfect 
distributicn. . 

24640. Would 200 gallons a yard give a sufficient area 
for treating the storm sewage as wellas the dry weather 
flow ?— Oh, no. 

24641. Do you suggest that the storm sewage should Le 
treated separately ?-- Yes. I think if you put it in this 
way, if you have a works based upon 100 gallons per yard 
or from 100 to 120, you may take it that Such works will be 
Sufficient to deal with three times the dry weather flow :. 
1 mean five feet deep filters based upon from 100 to 120 
gallons per superficial yard ; then you ought to provide 
for the extra flow special arrangements either in the shape 
of land or less elaborate and coStly filters. 

24642. (Colonel Harding.) Do I understand that if the 
filter area is based upon 100 to 120 gailons per yard that 
you may at times of storm increase that to three times the 
volume ?— Yes. 

24643. {Major General Carey.) Up to three times the 
dry weather flow ?—Up to three times the dry weather 
flow. Of course, I am not dogmatising with regard to 
this at all; J mean that is my impression; and for that 
reason I think that the requirements of the Local Govern- 
ment Board as regards filters are sufficient, because that is 
about what it works out at. 

24644. (Colonel Harding.) You think it quite practical 
to increase the volume to about 360 gallons ?—Only for a 
short period. 

24645. Only for a short period, of course ?—If you con- 
tinue with that you will rapidly deteriorate your effluent 
and you will ruin your jilters. 

24646. (Wajor General Carey.) Has the suggested limit a 
direct relation to the depth and cukic contents of the 
filter ?—Tt has a direct relation to the depth. I think that 
you will get the maximum efficiency, having regard to 
Cost, by filters of about five feet deep, but if it is desirable 
for any reason, Such a8 the character of the sewage, to 
increase that depth considerably, then I think you ought to 
have two filtrations in place of one. Jt is not desirakle 
to have a fil.er much deeper than five or six feet; if it is 
necessary to have one deeper than that I mean itis better 
to have two shallower ones, because you start with a fresh 
second filter in place of having a filter which is’ ess aérated 
than otherwise would be the case. I have a case in point 
now of ascheme in North Staffordshire where nine feet filters 
are proposed, and J am urging the Local Government 
Board, in considering the scheme, to insist upon the 
same cubic capacity, but the works to be construe ed on a 
basis of five feet or six feet filters at the outside, rather 
than nine feet ; that is tosay, to provide the same cubic 





ROYAL COMMISSION ON SEWAGE DISPOSAL. 


capacity of filters, only not to make them nine feet 
deep; you would then get very much better results ; 
first of all the sewage would not pass through so rapidly 
as in the case of a deep filter, because the deeper the filter 
with the same cubic contents the quicker the flow on 
to it, and I maintain that you do not require that depth to 
get high nitrification. 


24647. Referring again to the question of contact beds 
in addition to land; if an area of land which has been 
acquired for sewage disposal is suitable but too limited, 
owing possiktly to increase of population, would not the 
treatment by precipitation and primary artificial filtration 
relieve the land to an important extent and enable it to 
purify the sewage, with results which could not have been 
obtained by precipitation alone ?—I do not think so; I 
am perfectly certain of that, because the chief element 
you have to consider is volume not quality after tank 
treatment, especially precipitation treatment. 


591 


24648. Of course, we have numerous instances in the 
South of England where they have adopted the primary 
filters— at Beddington, Norwood, ete., in order to relieve 
the land, and I understood that they had been 
satisfactory; that is to say that they had done the 
work for which they were intended ?— Well, I have a case 
in Leek where the sewage of 600 persons per acre iS dis- 
posed of by downward filtration on sand beds with very 
first class results. What J maintain is that if one 
introduced between the tank treatment and the land 
treatment siagle contact one would not get the slightest 
difference in the way of improved results from the down- 
ward filtration beds. 


_ 24649. No relief would be given to the land by the 
intermediate treatment on the single contact filter ?- 
Practically no relief. The land is either suitable orit is 


not ; it is either sufficient or it is not, and single contact 


will not materially assist. 


Mr. E. A. LETTS, p.so., F.1.0., PH.D., PROFESSOR OF CHEMISTRY AT QUEEN’S COLLEGE, BELrFast, called im 


and Examined. 


: 


24650. (Chairman.). You have be2n engaged for some 
time past in investigations as to the most  suit- 
able method of treatment for the sewage of 
Belfast, where the problem of sewage purification 
is not exactly of the ordinary kind. Will you 
first tell us as briefly as possible the nature of 
the special circumstances which render the pro- 
blem unusual ?—The ordinary objects of sewage puri- 
fication in cases where the resulting effluent eventually 
reaches a non-drinking water stream or body of water 
may, I think, be stated as follows :—First, the removal, 
as far as possible, of the suspended solids ; secondly, 
the production of an effluent which shall not putrefy 
eventually; and, thirdly, that when thrown into a 
stream or body of water this effluent shall not act in- 
juriously either by causing a deposit or a nuisance, or 
by depriving the water of its dissolved oxygen to such 
an extent that fish life is jeopardised. Broadly speak- 
ing, these objects are best attained after the removal 
of the suspended solids, by eventualiy submitting the 
liquid portions of the sewage to as radical a process of 
oxidation as possible, leading first to the formation of 
carbonic anhydride, and, secondly, to the formation of 
nitrates. These latter are very serviceable in hinder- 
ing or preventing putrefactive changes, and their pro- 
duction in quantity should certainly be aimed at in 
those cases where the effluent passes only into a small 
body of water, but when the efiluent is largely diluted, 
both the nitrates and also the free ammonia (which in 
itself is of no special importance as an impurity) 
may; produce secondary effects, such as the 
encouragement of the growth of aquatic vegeta- 
tion in large and sometimes in . unmanageable 
quantities, the vegetation causing trouble either by 
blocking up the watercourse, or, in certain cases, by 
decomposing and giving rise to a nuisance. It is an 
effect of the latter kind which forms the difficulty at 
Belfast, the sewage from the city passing directly into 
the Lough, where it encourages the growth of certain 
green seaweeds, of which the most abundant and im- 
portant is the Ulva Latissima. At certain seasons of 
the year these seaweeds are washed ashore in enormous 
quantities, and by their putrefaction cause a very 
serious and extensive nuisance. It is therefore clear 
that a method of sewage purification leading to the 
production of a highly nitrated effluent, or one contain- 
. ing much ammonia, while entirely satisfactory in the 
majority of cases, is not suitable for Belfast, and that 
some other method is desirable in which the resulting 


effluent shall be as free as possible from those sub- . 


stances which encourage the growth of green seaweeds. 


24651. Do you know of any other places where the 
conditions are similar to those exigting in Belfast 
Lough—I mean where these seaweeds are found in 
quantity and give rise to a nuisance 2-Yes. In my 
previous evidence I drew attention to Dublin Bay, or 
rather to certain parts of Dublin Bay, where these sea- 
weeds occur in considerable quantities, and at times 
give rise to a nuisance. Also, last summer during a 
tour round some of the chief English estuaries which 
Dr. Adeney and I made in connection with a report 
which we are preparing for the Commission on the 
pollution of tidal waters by sewage, we noticed several 
places where the green seaweeds were abundant and 
caused a nuisance, and also in the replies to a circular 


letter, sent at our request to the medical officers of 
health of a number of seaside or tidal localities, quite 
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a number of others were mentioned. These we shall 7.7.C.,Ph.D. 


deal with fully in our report. I may also mention that 
a botanical acquaintance of mine who has recently gone 
to Barbadoes has written to tell me that the only wlva 
which he has seen there was growmg in sea water 
polluted with sewage. 


24652. And in all those localities where you have 
either yourself seen these green seaweeds, or have been 
told that they occur in quantity, sewage is discharged 
into the water, and, in your opinion, is the cause of 
their abundance ?—Yes. 


24653. Assuming that to be the case you consider 
that the ordinary methods of sewage purification, or at 
all events of those which lead to a strongly nitrated 
effluent, or one which contains much ammonia, to be 
unsuitable for Belfast and other localities where a sea- 
weed nuisance occurs !—Yes, and I would go even 
further than that and suggest that the type of purifica- 
tion process employed for a given locality ought to vary 
according to the conditions there prevailing and the 
nature of the interests mainly involved. At least, in 
preparing an effluent for discharge into a non-drinking 
water stream I think that it is important to distinguish 
between the three following cases:—{1) An effluent 
passing into a non-fishery stream ; (2) an effluent pass- 
ing into a fishery stream ; (3) an effluent passing into 
the sea where an wlva nuisance has to be avoided. In 
the first of these cases, which are perhaps the most im- 
portant owing to the magnitude of the interests involved 
and at the same time are often the most difficult 
to deal with owing to the fact that the watercourses are 
frequently small, and may indeed consist chiefly if 
not entirely of the sewage effluent itself, the main 
object to be kept in view is the prevention of a nuisance, 
and in all probability that is best done by obtaining as 
highly a nitrated an effluent as possible. In these 
cases the dissolved oxygen-present in the effluent as it 
leaves the purifying station is not a factor of prime im- 
portance, provided that nitrates are present in suffi- 
cient quantity to prevent subsequent putrescence. But 
in the second class of case the requirements are 
different, the presence of nitrates not being essential 
while dissolved oxygen is the important factor. Hence 
an effluent to be discharged into a fishery stream must, 
in addition to being non-putrescent and devoid of sub- 
stances toxic to fish, be also sufficiently aerated; and 
I should regard aeration as a factor of prime im- 
portance in such cases. Then to return to the sea- 
weed question, and also to cases where excessive and 
troublesome vegetation is produced in rivers, the chief 
object to be aimed at should be the removal from the 
sewage or effluent of those substances which encourage 
the growth of this vegetation—namely, ammonia and 
nitrates. 


24654. Have you any suggestions to lay before the 
Commission as to how that may be done, and have you 
made any experiments on the matter?—Yes, both ; and 
if you will allow me I will first of all describe the latter. 
In the evidence which I gave before the Commission 
when it visited Belfast I drew attention to the fact 
that in the treatment of sewage by contact beds a very 
considerable proportion of the combined nitrogen pre- 
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sent in the original sewage disappears during the treat- 
ment, and I showed from the analyses which I had 
made of the dissolved gases that some of the nitrogen 
thus lost is found in the effluent as free nitrogen ; 
while no doubt owing to the slight solubility of that 
gas in water a further quantity and probably most of 
the missing nitrogen escapes into the atmosphere in 
the gaseous state. I found as the mean of twelve series 
of analyses that the combined nitrogen present in the 
effluent (as free and albuminoid ammonia and 
nitrates), amounted to about 32 per cent. of the com- 
bined nitrogen (expressed in the same factors) 
occurring in the original sewage, leaving about 68 
per cent. unaccounted for, or, rather, which can be 
accounted for on the assumption that it escaped in 
the gaseous state as free nitrogen. I also found that 
in six of these series of experiments (which were made 
under precisely the same conditions) the excess of nitro- 
gen present in the effluent over that present in the 
original sewage amounted in weight to 0°272 parts per 
100,000, while the loss of unoxidised nitrogen which 
had occurred during the treatment of the sewage 
amounted to 2°2 parts per 100,000, or that about 12 per 
cent. of missing nitrogen was thus accounted for, while 
in one particular case it amounted to nearly 20 per 
cent. I also drew attention to the very small quantity 
of nitrates present in the effluent from this method of 
treatment, which in the above series of analyses corre- 
sponded on the average with only about 1 per cent. 
of the tutal combined nitrogen present in the original 
sewage, and was actually less than the amount of 
nitrate found in the latter, which corresponded with 
about 44 per cent. of the total combined nitrogen. 
These facts seemed to offer a strong indication of the 
lines on which to work out a method for so treating 
the Bellast sewage that an effluent containing a mini- 
mum amount of nitrates might be obtained; but the 
reduction in the amount of ammonia by double contact 
treatment was not very satisfactory, as it. amounted 
to only about 51 per cent., and experiments which 
meanwhile had been made with the wlva had shown 
that it absorbed ammonia much faster than nitrates, 
and also that from sea water containing both of these 
substances all the ammonia was absorbed by the wlva 
long before the nitrate. Therefore it was of prime 
importance as regards the Belfast problem to endeavour 
to get rid of a higher proportion of ammonia from the 
sewage. In view of the results obtained in some of 
the Manchester experiments,* where a reduction of 
84 per cent. had been obtained in the amount of this 
substance by treatment of the sewage in a septic tank 
previous to submitting it to the contact beds, it was 
decided to experiment in the same direction at Belfast, 
and a small plant was accordingly erected there, con- 
sisting of a closed septic tank and two contact beds 
filled with broken brick fragments. With this plant 
a series of experiments was conducted during a period 
of about four months, and the results were eminently 
satisfactory as regards the loss of free ammonia, which 
now amounted to 87 per cent., while the loss of albu- 
minoid ammonia was also, though slightly, higher 
than obtained by contact bed treatment only, namely, 
73 per cent. instead of 71 per cent., and so. too, the 
loss of nitrogen in the gaseous state, calculated in the 
manner I have described and amounting to about 





* Report of Rivers Department, January 22nd, 1903. 
Table 7. 
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604 per cent. instead of 58. It was thus evident that. 
the purification effected by the septic tanks plus 
double contact bed treatment was much greater than 
that effected by double contact bed treatment only, ~ 
and for that reason alone, to say nothing of the supe- © 

riority of the former method in dealing with the sus 
pended solids, was to be recommended for Belfast. But 
the effluent now contained nitrates, and, as these afford 
the necessary nitrogenous food for the ulva, their re- 
moval was important. How could this difficulty be over- 
come? The researches of Gayon and Dupetit, of Tacke, 
Adeney, and some other observers appeared to give 
a clue to a method, for these have shown that nitrates 
are decomposed when in contact with a putrefying 
liquid, with evolution of gaseous nitrogen or its oxides, 
carbonic anhydride being formed at the same time. It 
remained, however, to be seen whether a reaction of 
this kind would occur with sufficient rapidity and 
under conditions of such a kind as would enable it to 
be utilised in practice for the destruction of the nitrates 
in a sewage effluent. It was necessary, in fact, to 
submit the whole question to an experimental inquiry, 
and in the first place it was decided to investigate the 
effects of adding a definite quantity of a pure nitrate 
to the effluent from a septic tank (as representing a 
liquid in an active state of putrefaction), The experi- 
ments on this point were conducted in collaboration 
with Mr. R. F. Blake, F.I.C., F.C.S., and Mr. J. H. 
Totton, M.A., and consisted of :—(1) A study of the 
chemical changes which occur when a nitrate is added. 
to the effluent from a septic tank. (2) An inyestiga- 
tion as to the cause of these changes. (3) A few ex- 
periments on the action of specific micro-organisms as 
regards their effects on nitrate in a sterilised but 
putrescible medium. 


A.—The Chemical Changes which occur when Potas- 
sium Nitrate is added to the Effluent from a 
Septic Tank. 


The method of experiment consisted in completely 
filling two similar bottles (which were then tightly 
stoppered)—one with the septic tank effluent alone 
and the other with the same effluent plus an accurately 
measured volume of a strong solution of potassium 
nitrate, one cubic centimetre of which was equiva- 
lent to ten milligrams of nitric nitrogen—allowing 
the two bottles so filled to remain at the tempera- 
ture of the laboratory for a given interval of time, and 
then examining their contents quantitatively, and more 
particularly as regards the dissolved gases. 

' With one exception all the experiments were made 
with mixtures of potassium nitrate and septic tank 


effluent, containing 2-5 parts of nitric nitrogen per 


100,000 of mixture in the case of the nitrated samples. 

The analysis of the dissolved gases was both tedious 
and troublesome in many of the experiments, owing 
partly to the complexity of the gas mixtures to be 
examined and partly to the small quantities available 
for analysis. Moreover, in the earlier experiments 
certain difficulties were encountered which rendered 
the complete analysis of the dissolved gases very un- 
certain, and as a consequence there is some doubt as 
to the extent of the evolution of nitrogen in the earlier 
experiments of the nitrated series. 

Table 1 contains the chief results obtained, while on 
Table 2 some of them are presented in a different form, 
together with certain other data. 


DISSOLVED GASES FOUND IN SEPTIC TANK EFFLUENTS (A) 


| 1. | 2. | 3. | 4. 5. | 6. 
Non- | bs 
Aérated. Aerated, 
Nitric nitrogen added in parts per 100,000 - — 2°5 50 2°5 25 2°5 2°5 
-| Time interval in hours - : : - | 48 24 24 24 24 24 
~ ,| Carbonic anhydride - - - 169°97 | 155°68 153°34 15801 165°85 149-63 
22 Nitrogen - - - : - - 38°12? 29°40 34°21? 32°41 36°16 33°53 
<j 2q| Nitricoxide  - - - - ? ? 6-99 6°31 0-00 0-00 
'-| @ | Marshgas - | - - ? ? ? 3°37 2°63 0°00 
Payson -' - -  - 0-00 | 0-00 0-00 0-00 0-00 0-00 
3 | Carbonic anhydride - . . . - 126°68 | 150-99 118-10 127°3] 120°44 92°52 
Fm i &| Nitrogen” - - - - - - : 18°84 18°86 15°62 16°55 16°48 13°94 
-3£| Marsh gas - - - - - - - ? ? Ole 2°92 1°72 0:14? 
Bere eyeer Oe ete 81 Satta hi tle oF 0-00 0-00 0-00 0-00 0:00 5°33 
ue?) 
% {| Carbonic anhydride (excess in nitrated 43°29 4°69 35°24 30°70 45°40 5711 
S sample). 
®4| Nitrog n as nitrogen and nitric oxide 19°28?) 10°54? 22°08 ? 19°12 19°68 19°59 
BS (excess in nitrated sample). 
5 Marsh gas (excess in nitrated sample) 5 2 ? 0°45 0°91 20147 
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NITRATE AND (B) ALONE AFTER CERTAIN INTERVALS OF TIME. 


(Results in cubic centimetres per litre at 0° C. and 760 m.m.). 
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WITH ADDED POTASSIUM 
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* Marsh Gas 1°48),. 
Hydrogen 0-43 J ai 


TABLE 2. 


EVOLUTION OF NITROGEN EITHER AS SUCH, OR IN THE FORM OF GASEOUS OXIDES, FROM 
SEPTIC TANK EFFLUENTS WITH ADDED POTASSIUM NITRATE. ALSO OTHER CHEMICAL 
CHANGES OCCURRING. 


c 


(Dissolved gases in cubic centimetres per litre. Other quantities in parts per 100,000.) 








| 1 2, 3 | 4 | 5. | 6 
fe: | 
Nitric nitrogen added in parts per 100,000 2°5 5:0 2-5 2-5 2-5 25 
Time interval in hours’ - - - : 48 24 24 24 24 24 
s Carbonic anhydride evolved in nitrate sample - 43°29 4°69 35°24 30°70 | 45°40 57-11 
= 3 a sh theoretical evolution* 49°80 99°60 49°80 49°80 49°80 55°13 
22 Nitrogen evolved in nitrated sample - 19°28 ? 10°54 ? 22°08 19°12 19°68 19°59 
IS on Theoretical evolution - - - 19-90 39°80 19°90 19°90 19°90 19:90 
ee A 
Nitrogen as free ammonia in septic tank 2°14 3°43 1°98 2-06 1°84 a 
effiuent alone. ; 
=| Nitrogen as albuminoid ammonia in septic 0°58 0°58 0°49 0°66 0°50 a 
x tank effluent alone. j ) 
5 .| | Nitrogen as free ammonia in septic tank 1°48 3°30 1°89 1-81 1°58 ay: 
g 4 effluent plus nitrate. ; : 
= iS) Nitrogen as albuminoid ammonia in septic 0°66 0°74 0°57 0°66 0-66 ie 
= & tank eftluent plus nitrate. 
E 
s — 
2 | Excess of nitrogen as free ammonia in septic 0°66 0°13 0:09 0°25 0:26 ze 
ee tank effluent alone. PEL » 
Excess of nitrogen as albuminoid ammonia 0:08 0-16 0:08 0-00 0-16 +t, 
in nitrated sample. 
| (rae . 
va 
3 Nitrogen as pitrite in nitrated sample — 0-11 0:05 0-00 0-00 0-00 
5 ™ rs % non-nitrated sample _ 0:00 0:00 0-00 0-00 0-0 
c 
* T.e,, the carbonic anhydride equivalent to the oxygen of the added nitrate 
4F 
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The chief general conclusions arrived at may be 
summed up as follows :— 


(1) Potassium nitrate (and no doubt any other nitrate 
likely to be produced in a sewage effluent) is decomposed 
by the septic tank effluent, and the nitric nitrogen 1s 
evolved, sometimes entirely as free nitrogen, sometimes 
partly as nitric oxide. Nitrous oxide may also be 
formed, but the evidence on that point is not as yet 
conclusive.* The action seems to vary with different 
samples of septic tank effluent, but in four of the eight 
experiments the theoretical quantity of nitrogen (corre- 
sponding with the added nitrate) was found either as 
free nitrogen alone or along with nitric oxide. 

There is no evidence from our experiments to show 
that any considerable quantity of these gases is pro- 
duced from either the free ammonia or the organic 
nitrogen present in the septic tank effluent. 

(2) The general character of the change is that of » 
combustion, the oxygen of the nitrate eventually ap- 
pearing either partly or entirely in the form of carbonic 
anhydride. 

(3) In some of the experiments a little nitrite was 
produced, but in the majority none was found at their 
conclusion. 

(4) The destruction of the nitrate occurs with remark- 
able rapidity, and in most of the experiments the whole 
of the added nitrate—equivalent to 2-5 parts of nitric 
nitrogen per 100,000 of mixture—was decomposed in 24 
hours. 

A remarkable exception to this rule is, however, 
noticed in the case of experiment 2, in which the 
quantity of nitrate added was twice as great as in the 
other experiments. Here the evolution of carbonic 
anhydride is trifling, and that of the nitrogen very 
considerably less than in the other experiments. 

It is, perhaps, not safe to arrive at general conclusions 
from a single experiment, but it would at least seem 
probable that, while a certain quantity of nitrate is 
readily decomposed and acts as an oxidising agent, 
burning up the carbon of the sewage to carbonic anhy- 
dride, there is a limit to the quantity which can thus be 
decomposed, beyond which excess of nitrate retards or 
possibly prevents the action. 

(5) In addition to the decomposition of the nitrate 
and evolution of carbenic anhydride, the fermenting 
liquid experiences other changes. 

There is always a loss of free ammonia, and as a rule 
a gain in albuminoid ammonia, but the former generally 
exceeds the latter. Thus in six experiments f the aver- 
age loss of free ammonia amounted to 0°266 part per 
100,000, while the corresponding gain in albuminoid 
ammonia was only 0166, or not much more than half 
the preceding figure. 

It may also be mentioned that in two of the experi- 
ments marsh gas was found, not only in the septic tank 
effluent, but also in the nitrated fluid, and it is some- 
what remarkable that more of the gas was found in the 
latter than in the former, 

Towards the end of the investigation the effects of 
aération were studied. Parallel experiments were 
made, in one of which the septic tank effluent was 
thoroughly aérated before mixing it with the nitrate, 
while in the other the same quantity of nitrate was 
added to the non-aérated effluent. In both experiments 
the whole of the nitrate was decomposed in 24 hours 
with evolution of the equivalent quantity of nitrogen 
gas. In the aérated sample no marsh gas was formed, 
but a considerable excess of carbonic anhydride was 
produced, the total volume per litre of fluid being 
571 c.c., whereas the amount corresponding with the 
added nitrate plus the oxygen dissolved from the air 
was 49°8 + 5:33 = 55:13. In the non-aérated sample 
some marsh gas was formed, but considerably less 
carbonic anhydride. 

The results obtained in this investigation suggest in 
part, at all events, an explanation of the production of 
free nitrogen in the contact beds commonly employed 
in the purification of sewage. These during the period 
when they are in contact with air, no doubt become 
charged with nitrates, and the latter are then destroyed 
when the beds are filled with sewage. 

Attention may also be specially drawn to the experi- 
ment in which the nitrate was decomposed in the 
aérated septic tank effluent, as it has been stated that 





* Gayon and Dupetit found ajl three gases. 

f One of these is not contained in the above table, as an 
accident occurred during the analysis of the dissolved 
gases. 
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nitrates are not decomposed by a putrefying liquid 
under aerobic conditions. 

In practice it might be difficult to avoid at least 
pattial aeration in obtaining or subsequently dealing 


with a nitrated effluent, but the experiment referred to © 


shows that_aeration does not hinder the decomposition 
of the nitrate.* , 


B.—Cause of the Decomposition of Nitrates when in 


Contact with a Putrefying Liquid. 


In order to ascertain whether the action was brought 
about entirely by the vital processes of micro-organisms, 
and was not due to enzymes excreted by them or to 
purely chemical changes, an apparatus was devised in 
which the septic tank effluent was passed through a 
Chamberland filter and thence into a sterilised flask, 
from which it was drawn by a vacuum pump into two 
sterilised tubes of sufficient capacity, one of which con- 
tained a measured volume of the nitrate solution, and 
these tubes when filled were closed by pinch-cocks 
applied to indiarubber junctions. At the end of 66 
hours, analyses were made of the dissolved gases con- 
tained in the contents of both tubes, when the following 
results were obtained (in cubic centimetres per litre) :— 





Nitrated Non-Nitrated 

Sample. Sample. 
Carbonic anhydride 92°12 94°45 
Nitrogen - - 1°62 2°00 
Oxygen - - 0°00 0-00 








The figures are not absolutely identical, but are 
nearly so. 
The reason for the excess of dissolved gases in the 


_non-nitrated sample is easily explained, as the liquid 


yielding these gases was drawn from the lower layers in 
the flask, which had not been exposed to the vacuum so 
long as the upper layers, from which the liquid for the 
nitrated sample was drawn. 

The somewhat large quantity of carbonic anhydride 
found in the analysis is no doubt due to the presence of 
carbonates or bicarbonates in the fluid, and not to free 
carbonic anhydride. f 

It is, however, quite obvious that no nitrate was 
decomposed, and the results of this experiment appear 
to be decisive. 

The septic tank effluent deprived of the micro- 
organisms which it contains has no action upon a 
nitrate, and the decomposition of the latter must be 
caused entirely by the vital processes of certain micro- 
organisms and not by enzymic or chemical action. 


C.—The Micro-Organisms which reduce Nitrates with 
Evolution of Nitrogen Gas or Oxides of Nitrogen. 

Gayon, Springer, Deheraine, Maquenne, and others 
have isolated organisms from putrefying liquids which 
decompose nitrates with evolution of nitrogen or its 
oxides, but, so far as can be judged from the printed 
abstracts of their work, the identification of the species 
with known forms was either wanting or was incom- 
plete. It occurred to us that as the action is one of 
reduction it would be worth while to study the effects of 
those micro-organisms which are known to cause the 
evolution of hydrogen, such as B. Amylobacter, B. 
Butyricus (Botkin) B. Lactis aérogenes, and B. Cola 
communis, and as pure cultures of the two latter happened 
to be available, experiments were made with them. 

An apparatus was constructed which permitted the 
introduction of pure cultures into a vessel filled with 
sterilised broth containing potassium nitrate from which 
the dissolved gases had been removed by boiling out in 
a vacuum. . 

With this apparatus experiments were first made on 
the action of pure cultures of B. Coli. communis and 





* It is, however, possible, and indeed probable, that all 
the dissolved oxygen in the aerated sample had disappeared 
before the dissolved gases were examined, so that theliquid 
was then under anrobic conditions. 

+ In extracting the dissolved gases a certain quantity 
of acid was always added to decompose carbonates and 
bicarbonates. 
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B. Lactis aérogenes on broth alone. These were con- 
ducted at ordinary temperatures, and the fluid 
examined for dissolved gases as soon as a few bubbles 
of liberated gas had made their appearance. The dis- 
solved gases were found (after removing carbonic anhy- 
dride) to consist entirely of hydrogen. 


nitrate is produced ; and (2) treatment of this effluent Mr, L.A. 
with a certain proportion either of the original sewage Letts, D.Sc., 
or of septic tank effluent to destroy these nitrates. F.J.C.,Ph.D. 
As a preliminary step towards the working out of a : 
practical method for most advantageously combining 17 May 1905. 
the two processes, it was decided to investigate the © 4 ——— 


Experiments were then made with cultures of the 
same organisms and nitrated broth, and although they 
are not as yet completed, the results so far obtained 
show that B. Colz communis liberates nitrogen from a 
nitrate in broth culture ; B. Lactis aéogenes does not 
do so. 

I desire to express my thanks to Professor Lorrain 
Smith, who supplied the pure cultures and gave most 
valuable assistance and advice during the bacteriological 
part of the investigation. 


The experiments. just described indicated that it is 
quite possible to destroy the nitrates in a sewage 
effluent with considerable rapidity in such a way as to 
prevent them from serving as a food or manure for 
vegetation, as it need scarcely be mentioned that free 
“nitrogen is not assimilated by plants except in one or 
two exceptional cases. They also point to a method 
of sewage purification suitable for a locality like Bel- 
fast, where the main object is the prevention of exces- 
sive vegetable growth—the broad features of such a 
method being (1) purification of a part of the sewage 
by the usual methods, for instance, by septic tank treat- 
ment, followed either by treatment on contact beds or 
by a “sprinkler” or continuous filter, whereby the 
greater part both of the free ammonia and the organic 
nitrogen are got rid of, while a certain amount of 


Loss OF NITROGEN AS NITROGEN GAS OR GASEOUS OXIDES oF N 


TANK EFFLUENT WITH THE SAME 


changes which occur on mixing definite proportions of 
the effluent resulting from treatment of sewage by 
septic tank and double contact beds with the septic 
tank effluent itself. Unfortunately the time at my dis- 
posal for these first experiments was very limited, and 
was insufficient for a complete examination of the 
liquids operated on. All that could be done was the 
determination of nitrates and nitrites (a) in the 
nitrated effluent alone, and (b) in mixtures of this with 
the effluent from a septic tank in certain proportion» 
after an interval of 24 hours, while (c) in one or two 
cases nitrates and nitrites were also determined in the 
nitrated effluent alone after 24 hours. The experi- 
ments with the mixtures were conducted in bottles 
which were about half-filled, and no precautions were 
taken to exclude air, a point which should be noted, as 
it has, I believe, been asserted that the reduction of 
nitrates to nitrogen does not occur under aerobic con- 
diticns. After an interval of 24 hours in each case, 
during which the bottle remained at the laboratory 
temperature, determinations of nitrite and nitrate were 
again made, and the results calculated so as to give 
the quantities of these present, not in 100,000 parts of 
the mixture, but in 100,000 parts of the nitrated 
effluent contained in the mixture. 

The following table contains the results of these 
experiments :— 


ITROGEN OCCURRING IN A MIXTURE OF THE SEPTIC 


AFTER TREATMENT ON CONTACT BEDS. 





Nitrogen present as Nitrite and Nitrate (parts per 109,000). 


Loss of Nitrogen 


a 


In the Nitrated Effluent. 












































(Calculated as present) 


























in the same Effluent ae Bivcost 
24 hours after mixing are ate ; 
ae : it with the Septic BF 
spores On Mving. ieee noes, Composition of the Mixture.) “Tank Effuert. 100,000) 
of 
Experi- 
ment. | Nitrite) Nitrate} Total | Nitrite|Nitrate| Total Nitrite] Nitrate] Total 
i! — — 0-82 — — 0°82 | 4volumes Nitrated Effluent} — =e Gap 1027 33 
and 1 volume Septic 
| Tank Effluent. | 
2 0 _ 0°66 0°66 0 0°66 0°66 | 4 ditto ditto 0°22 0°03 | 0:25 | 0-41 62 
3 0 0°58 0°58 0 0°53 0°58 | 2 ditto ditto 0:0 0°09 | 0:09 | 0-49 85 
: ( 4 ditto ditto 0-0 0-0 | 0:0 0°82 100 
4 OQ edeg: | 0-82) pe 
| ( : : nearly | nearly 
| \ 3 ditto ditto 0-0 | trace | traces} 0°82 100 
nearly ( 4 ditto ditto 0,87 0°93 | 1°80 | 0°36 17 
5... | traces} 216 | 216; — — | — Ff ; 
| ‘| 3ditto ditto 0°84 | 0-93 | 1:77] 0°30 | 18 
Tt will be seen that in every case nitrates were reduced indicating, I presume, that the organic matters 


and partly, at least, converted into nitrogen gas, while 
in some of the experiments all the nitrates were thus 
disposed of. Some other features in the results may 
be drawn attention to. Thus the greatest loss of 
nitrogen occurred when no nitrites. were produced, and 
conversely the least loss of nitrogen took place when 
nitrites were formed in considerable quantities. Also 
it will be seen that no reduction of the nitrates occurred 
in the nitrated effluent alone when kept for 24 hours, 
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originally present had been oxidised for the time being, 
at all events as far as possible. 


A second series of experiments was made in a similar 
way to those just described, with the difference, how- 
ever, that the effluent from a “sprinkler” was sub- 
stituted for the effluent from the contact beds pre- 
viously employed. The subjoined table contains the 
results of this series :— 


° 
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Nitrogen present as Nitrites and Nitrates (parts per 100,000 . 


Loss of Nitrogen. 




















encolued as present) 
ee ae in the same Effluent 24 
Number| ee a a eo om : hours after mixing it| Actual 
of Composition of the Mixture. with the Septic Tank! (parts | Per- 
Experi- Effluent. per | centage 
ment. 100,000), 
Nitrite.| Nitrate.| Total. Nitrite. | Nitrate.| Total. 
' if 
1 = — 1°318 | 4 vols. Nitrated Effluent and 1 vol. — — 1132 } 0°186 ; 14:1 
Septic Tank Effluent 
2 none LB18? S18 ea ; * af 0-25 0987 | 1:237 | 0-083 61 
3 traces} — | 151514 _,, f 3 : 0:50 | 0-837 | 1:337 | o-178 | 119 
95 | 1-975 | 1 So : 053 | 0-678 | 1-208 | 0-192 | 13-7 
25 | 1-275 | 1-400/ , 2 
4 ou : had ivaat ‘ : . 0-80 | 0-102 | 0-902 | 0-498 | 35°6 
5 traces |. — 1:980 | 4, ,, e . sé | traces | 1:850 | 1:850 | 0°130 | 6°6 
6 0°100 2°370 2-470 | 4 ,, m3 x 4 0:125 2-035 25160" lef OsB1 Ore 125 














The results of this series are, on the whole, very 
different from those of the first, the reduction of 
nitrates to nitrogen being so much less. The explana- 
tion of this difference very possibly lies in the fact that 
whereas in the first series the nitrated effluent was 
known by experience to contain only small quantities 
of dissolved oxygen (1°5 c.c. per litre—mean of three 
determinations), that used in the second was much 
more highly aérated (65 3¢c.c. per litre—mean of three 
determinations). But at the same time it should be 
remarked that the proportion of nitrate present in 
the two nitrated effluents was very much higher in the 
second than in the first series, with the exception of 
No. 5 of the first series, where the smallest loss of 
nitrogen of the series occurred. It is somewhat diffi- 
cult to find an explanation for the incomplete reduc- 
tion of nitrates in all the experiments of the second 
and in some experiments of the first series, contrasted 
with the complete reduction which occurred in the ex- 
periments already described in which potassium nitrate 
was added (in concentrated solution) to the septic 
tank effluent. The conditions, however, in these last- 
named experiments were by no means the same as those 
under which the others were made. In the first place, 
in all the experiments with potassium nitrate the 
bottles were filled to the brim and then stoppered, 
while in the second place, as the nitrate was added ina 
concentrated solution, the ratio of oxidisable matter 
to nitrate was obviously much higher in these experi- 
ments than those in which a relatively large volume of 
the nitrated effluent (presumably fairly free from readily 
oxidisable matters) was mixed with a small volume of 
the septic tank effluent. From the results of the ex- 
periments just described it is evident that, given suffi- 
cient time and sufficiently large storage tanks, the 
effluent obtained during the treatment of sewage can 
be made to react upon each other in such a way that the 
nitrates in the finished effluent can at least partially 
be resolved into nitrogen gas. But it is scarcely neces- 
sary to say that one of the chief objects to be kept in 
view in the treatment of sewage is to “hurry up” the 
purifying processes as rapidly as possible, while 
another is to reduce the volume of the sewage under 
treatment to the smallest practicable limit. My next 
experiments were therefore made with the view of 
ascertaining to what extent, economy in both time anc 
storage capacity was possible as regards the destruction 
of nitrates. They were suggested by the views I have 
already advanced as regards the formation of nitrogen 
gas in the effluent from the contact beds, viz., that 
during the resting periods of these beds, when they are 
exposed to air, they become charged with nitrates, and 
that these nitrates are rapidly destroyed when the beds 
are filled with sewage. It seenfed therefore possible that 
that by submitting a mixture of a nitrated effluent with 
sither sewage itself or the effluent from a septic tank 














to treatment on a contact bed, a double effect might 
result, namely, destruction of nitrates in the first and 
purification of the second, and, possibly, a triple effect, 
in that the denitrefying processes might be accelerated. 
An experimental “sprinkler” of the Ridgeway pattern 
having by this time been installed at Belfast, and a 
preliminary examination of its effluent having shown 
that nitrates were present in abundance, it was decided 
to employ this sprinkler as the source of the nitrated 
effluent. A small contact bed filled with finely graded 
broken brick material was constructed below the bed of 
this sprinkler, together with a mixing tank and an 
arrangement for regulating the flow into the latter of 
any desired proportions of the sprinkler and septic tank 
effluents, and in the first experiments equal volumes of 
the two were employed. The arrangement, therefore, 
was of this kind. A certain volume of septic tank 
effluent passed through the sprinkler and its*bed, and 
thence made its way into the mixing tank, while (in 
the first experiments) the same volume of untreated 
septic tank effluent also passed into the latter. Thence 
the mixture of the two flowed into the contact, or 
“ denitrefying bed,” where it remained for three hours, 
after which it was drawn off, the bed allowed to remain 
empty for three hours, and the same cycle of operations 
again repeated. As the same liquid, namely, the septic 
tank effluent, was the starting point from which both 
the effluents from the sprinkler and the denitrefying bed 
were obtained, the chemical condition of these latter 
could be referred at once to that of the former. In all, 
six series of experiments were made, the results of 
which are given in the following tables. But it should 
be mentioned that while the conditions were similar 
in the first four series,* they were somewhat different 
in the two last. In the former, approximately equal 
volumes of the effluents from the septic tank and 
sprinkler passed on to the denitrefying bed, and therate 
of flow of the sprinkler corresponded with 260 gallons 
per square yard (of sprinkler bed) per 24 hours, while 
in the latter four volumes of septic tank effluent mixed 
with three volumes of sprinkler effluent passed on to 
the denitrefying bed, andthe rate of flow of the sprinkler 
was diminished to 195 gallons per square yard. It is 
scarcely necessary to draw attention to the improve- 
ment in the purification effected by the sprinkler, both 
as regards reduction in the amount of free and albu- 
menoid ammonia and the increased production of 
nitrate which occurred when its rate of flow was les- 
sened ; but it is worthy of notice that this reduction 
of flow also corresponds with increased purification as 
regards free ammonia in the denitrefying bed, in spite 
of the fact that a larger proportion of the septic tank 
effluent was present in the mixture flowing on to this 


bed 


* With the exception of No. 1 when the denitrefying bed 
was quite new, ani evidently rot in working order. 
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EFFECTS PRODUCED (A) WHEN A Septic TANK EFFLUENT IS TREATED BY A SPRINKLER AND (B) WHEN A MIXTURE 










































































OF THE SEPTIC TANK AND SPRINKLER EFFLUENTS IS TREATED ON A “ DENITREFYING BED.” 
Parts oe 100,000. 
Time : A 
Series, Aone aoa Nature of Sample. Oxygen Ba a hee 
tion. Absorbed. | 
(4 hrs. at 80° F.) Free Absorbed 
Ammonia. | Ammonia. | Nitrates. | Nitrites 
1 Jan. 25th | 4 a.m. | Septic Tank Effluent - - 7°98 3°46 0°70 — ae 
1 Jan. 25th | 4.a.m.| Sprinkler Effluent - - 2°68 1°48 0°39 1°32 -- 
1 Jan. 25th | 7 a.m. | Denitrefying Bed Effluent - 3:05 1°48 0°37 0°82 0-0 
2 Feb. Ist | 4 a.m. | Septic Tank Effluent - 6°24 3°30 0°74 -- — 
2 Feb. Ist | 4 a.m. | Sprinkler Effluent - - 2°59 1:07 0°33 1°32 traces 
2 | Feb. lst | 7a.m.| Denitrefying Bed Effluent - 2°96 1-40 0°37 0:00 0:0 
| 
3 Feb, 8th | 4.a.m. | Septic Tank Effluent - 6°88 2:96 0°74 = a= 
3 Feb. 8th |4a.m.) Sprinkler Effluent - 2°56 0°74 0°37 1°51 traces 
3 Feb. 8th | 7 a.m. | Denitrefying Bed Effluent - 3°04 1°32 0°37 0:00 0:0 
4 Feb. 15th | 4 a.m, | Septic Tank Effluent - - 6°88 3°62 0:82 — = 
4 Feb, 15th | 4 a.m. / Sprinkler Effluent = - - 2°56 1°43 0°41 1:40 0°12 
4 Feb, 15th | 7 a.m. | Denitrefying Bed Effluent - 3°04 1°48 0°45 0:00 0:0 
5 Feb. 21st | 10p.m.| Septic Tank Effluent - - 5°95 2°58 0°62 —- at 
5 Feb. Zlst |10p.m.| Sprinkler Effluent - 2°27 0°49 0°29 1 98 traces 
5 | Feb.22nd/}1a.m. | Denitrefying Bed Effluent - 2°49 0:95 0°37 0:00 0-0 
6 _| Feb, 28th | 10 p,m.| Septic Tank Effluent - Shes) 3°29 0°47 ~~ -- 
6 Feb. 28th | 10p.m.| Sprinkler Effluent - 2°07 0°56 0°27 2°46 0-01 
6 Mar. Ist | 1 a.m. | Denitrefying Bed Effluent - 2°27 0:93 0°27 0:25 0:0 








° It is evident that the effects anticipated on theoretical 
grounds did in point oi fact occur, and to an extent 
which I had scarcely ventured to hope for. Excluding 
the results of the first experiment (which was made only 
a few days after starting the denitrefying bed, and 
evidently before it had got into working order), com- 
plete disappearance of the nitrates occurred in four of 
the experiments, and a loss of nearly 90 per cent. in 
the last. But it should be noted that in this last ex- 
periment an unusually high proportion of nitrates was 
produced by the sprinkler, while an unusually low pro- 
portion of organic matter was present in the septic 
tank effluent. It will be seen that the purification 
effected on the septic tank effluent in the denitrefying 
bed does not fall far short of the purification effected 
in the same effluent by treatment with the sprinkler. 
The reduction in the amount of free ammonia is, it is 
true, somewhat less, but that of the albuminoid 
ammonia is almost identical in the two. But I think 
that the most interesting point in these experiments is 
the remarkable rapidity with which the nitrates disap- 
peared from the sprinkler effluent in the denitrefying 
‘bed—as I have ventured to call it for that reason. It 
may be objected that the term implies a difference be- 
tween an ordinary contact bed and the bed in question, 
but the difference doés not lie in the bed itself, but in 
the method of working it. It is clear from the ex- 
periments just described, that when it is charged with 
a liquid containing nitrates, plus easily oxidisable 
organic matter, rapid reduction of the former occurs, 
with, no doubt, corresponding oxidation of the latter ; 
while, on the other hand, if no nitrates are present 1n 
the liquid to start with, the bed may assume an entirely 
opposite function, and nitrates be actually formed, as 
occurs, for :‘nstance, when the septic tank effluent 1s 
treated by contact beds. It seems to me, therefore, 
that the oxidising and purifying effects of the contact 








beds must depend to some—and possibly to a large—ex- 
tent upon the production and eventual destruction of 
nitrates, which serve as carriers of oxygen from the air 
to the organic matter, thus functioning (to some extent 
at all events) like the oxides of nitrogen in the manu- 
facture of vitriol. 


I am aware that the experiments I have described 
above on the treatment of sewage in such a way that, 
while sufficient purification is effected, the resulting 
effluent shall contain no nitrates, are incomplete, for 
while the second part of the problem seems easy of 
accomplishment, the first part is by no means so simple. 
Much more work will, I suspect, be necessary before an 
entirely satisfactory solution of the problem is arrived 
at, but I venture to think that the lines on which 
further investigations should be pursued are sufficiently 
clearly indicated by the experiments I have described. 


I may conclude this part of my evidence by drawing 
attention to the diagram I have prepared to illustrate 
the results of different methods of sewage treatment, as 
found by me at Belfast. In this diagram the different 
nitrogenous constituents, both of the original sewage 
and of the resulting effluents, are represented by differ- 
ently marked areas, and the percentage amount of each 
by the size of these areas. It will be seen how greatly 
the effects vary, according to the method of purification 
employed. (See end of evidence for diagram). 


24655. Have you done any other work on the subject 
of denitrification?’—Yes, along with Mr. R. Blake, 
I have made a careful study of the changes which occur 
spontaneously in a nitrated effluent when kept, for it 
seemed to us that the nature of these changes and the 
rate at which they occur are important from a practical 
point of view, and more especially in relation to some 
of the large manufacturing districts where such effluents 
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MINUTES OF EVIDENCE : 


are discharged into sluggish streams, the waters of which 
may not reach the sea for some days. 

24656. Have these effluents the power of remaining 
free from a nuisance, evenif undiluted, during the whole 
of their journey seawards ’—Any laboratory experiments 
on a question of this kind as a rule only partially repro- 
duce the actual state of affairs, for they are conducted 
under static conditions, and of necessity ignore the 
effects of flow and the consequent gaseous interchanges 
and reactions occurring between the liquid and the bed 
of the stream on the one hand, and the liquid and the 
air on the other. However, it seemed worth while to 
make some laboratory experiments, as they would 
probably give at least a general indication of the 


changes likely to occur under actual conditions, as - 


well as an idea of the rate at which those changes 
would take place. In deciding as to the conditions 
under which such experiments should be made we were 


guided by the consideration that in all probability tha 
changes at the surface of a body of a nitrated effluent 
would be different from those occurring in the lower 


layers, and we therefore decided to perform two sets 


of og peranene, the first under anaérobic_conditions 
and the second under aérobic conditions. For the first 


of them a number of Winchester quart bottles were 


filled to the brim with the effluent, placed in an incu- 
bator at 15 deg. C., and after a few hours were then 
stoppered. For the second the effluent was also placed 
in Winchester quart bottles, but these were only partly 
filled, and were shaken with air from time to time. 
Three series of experiments with different samples of 
the nitrated effluent were made under anaérobic con- 
ditions, but the time at our disposal only enabled us 
to perform One series under aérobic conditions. The 
results of the different determinations made in all four 
series are collected in the following table :— 


CHANGES OCCURRING IN A NITRATED EFFLUENT WHEN KEPT AT 15° C. 
[The Effluent resulted from the Treatment of a Septic Tank Effluent by a Ridgeway Sprinkler. | 









































Dissolved Gases (c.c. per Litre | « Nitrogen (parts!per 100,000) as: 
TP.) Oxygen : 
rae : tec adic Absorbed” 
Series. Date. Time. (4 hrs. at} Free | Alb’d 
80° Fahr.).| Am- | Am-_ | Nitrite. | Nitrat 
COs | | N» Total. monia. | monia. 
| | | 
Feb. 22nd, 1905 | Shortly after collection | 50-04 655 | 17°81 | 74°40 2°27 0°49 0-29 | traces 
ae Bibl se cays Fh vs 55°61 0:00 | 18°01 73°62 1°67 0-41 0°22 ee 
A Mar. 3rd, es ee a A 14°94* 0°10* | 18°43 — = 25 — FA 
(Anaérobic) 
ye N4theesy ee} 20° 3 ss 5 61:18 0:00 19°74 | 80°92 — 0:49 020591 \" 8 
a eats | oO ag 6 4 64°78 0:00 | 21°85 | 86°63 —- 0°58 0°16 3 
Feb. 22nd, ,, | Shortly after collection | 50°04 6°55 | 17°81 74°40 2:97; 0:49 0°29 Fi 
,  g2ith, ,, | 5days ,, '. 24 | uy ai 2:06 0-44 | 0-25 god 
(Aérobic) Mar. 14th, ,, 205. xf ¥ -— — — = 0-18 0°25 1:0(?) 
eee alata ee a 2 = | ate a = 0-00 | 0-16 | 0-00 
Mar. 8th, ,, | Shortly after collection | 39-21 | 6°84 alyRA4it 63°26 | = 0-44 | 0:19 traces 
ay Ue hs) 124 Bourse’, He 40°46 eles 17:10 62°69 — — — — 
Piel Stliemes. 5 days Be Ae 44°93 0:08 17°60 62°61 — —_ =— — 
(Anaérobic) 
” 15th, 20 7 ” 9 ” a ast Pas a 0°36 0-15 . ae 
sub UL ntpsa docs 5 .; 51-04 0-00 19°51 [asoD | — 0°48 0714 0-0 
| i 
Mar. 16th, ,, | Shortly after collection | 44°46 6°20 16°52 67°18 1°25 0-46 0°10 traces 
| » 20th, ,, | 4 days ae , 49°38 0°50 16°53 | 66°41 P12 — — a 
(Anaérobic) 
sy athe! Mss ns ¥ 50°57 0:00 16°86 | 67:43 0°98 0°33 0:07 | Bi 


























In the anaérobic series it is evident that the first change 
of any importance is the disappearance of the dissolved 
oxygen, which occurs with relative rapidity, and was 
practically complete in four or five days. Most of this 
oxygen is converted, it will be seen, into carbonic anhy- 
dride, but some of it is apparently converted into nitrate, 
as in two of the series rather more nitrate was found 
after five days than was present at first. Later, de- 
nitrification commences, more carbon is burnt up, and 


Carbonic anhydride at finish - 64°78 c.c. per litre 





” By By start - ms 50°04 ” ” 
Gain in carbonic anhydride — - 14°74 
Free nitrogen at finish - . - 21°85¢,c. per litre 
se - 3, Start «- - - LESS Benes 
7 
Gain in free nitrogen - - - 4:04 





nitrogen is liberated in the gaseous state. This change 
occurs, however, very slowly, and is by no means com- 
plete at the end of a month. 
changes there is a slight but definite increase in free 
ammonia and a slight decrease in albuminoid am- 
monia. The two, however, do not completely balance 
each other, and probably a little nitrogen is lost in 


the free state. The following “ balance-sheet” may be 


written as regards the first or A series :— 


Carbonic anhydride equivalent to free 
oxygen disappearing - - 
Carbonic anhydride equivalent to the loss 
of nitric nitrogen (0°33 parts per 
100,000) 2% ginal ai as <0 Or Sate age 


6°55 e.c, per litre 





Free nitrogen corresponding with the 





nitric nitrogen disappearing =. “263 Peon 
Free nitrogen corresponding with the 
difference between the nitrogen 
as free and albuimnoid ammonia 
at start ard finish (0°04 parts 
per 100,000) - - - - - 33 9)nem 
2°96 





* For this analysis the sample was drawn from the middle layer of liquid and not from the lower layers as in the previous analyses; 
ro 


it was thought that the sediment might have affected the dissolved oxygen in the latter, and the trace of oxygen found is 


accounted for in this way. Moreover, in order to avoid the disturbing effects of nitrites on the dissolved oxygen, no acid was ad ed whe 


boiling out the dissolved gases. This explains the low proportion of carbonic anhydride found. 


In addition to these 







1-98 
210 
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The difference in the balance as regards carbonic anhy- 
dride, shows that rather more of this gas is evolved than 
can be explained by slow combustion due both to dis 
solved oxygen, and the oxygen equivalent to the nitric 
nitrogen, and a similar remark applies to the nitrogen. 
The excess in both cases may possibly be accounted for 
by evolution from purely fermentative causes, but it is 
small when referred to the volume of liquid actually 
analysed (200 c.c.), and the possibility of experimental 
errors must not be ignored, 

In series B (anaérobic), there would appear to be fer- 
mentative evolution of some carbonic anhydride and 
nitrogen, as in series A (anaérobic). 

In series C (anaérobic), the gain in carbonic anhydride 


Nitrogen as free ammonia at start’ - - - - 0°49 
Fe 2 finish - - - - 0:00 
Loss of ammoniacal nitrogen - 0°49 

Nitrogen as albuminoid ammonia at start = = 0:29 
Bs < a finish - - O16 
Loss of albuminoid nitrogen - . - 0°13 


The results of the experiments just described indicate 
that no nuisance is likely to arise from a sufficiently 
nitrated effluent, even under the most unfavourable con- 
ditions, but, on the other hand, such an effluent might, if 
thrown in large volumes into the waters of a fishery 
stream, act injuriously, as its dissolved oxygen dis- 
appears with by no means inconsiderable rapidity. 
The extent to which it would absorb oxygen from the 
air, and so counterbalance this effect, would of course 
depend upon a variety of circumstances, of which 
depth of stream and rapidity of flow are probably the 
most important. 


24657. Have you anything else to bring before us ?— 
The only other matter I wish to mention is with refer- 
ence to the volumetric method which Mr. Blake and 
I have devised for determining the dissolved oxygen 
in all classes of natural waters and in sewage effluents. 
That method is fully described in the Appendix which 
I present, so that I need not now go into the matter 
further than to express the hope that much more work 
will be done in future on the dissolved oxygen in our 
streams and rivers than appears to have been done 
in the past, because I think that a better idea of their 
- condition in relation to active pollution can be formed 
from a knowledge of this factor than by any other single 
method of analysis. ‘Then, too, the amount of dissolved 
oxygen which will disappear from a given sewage 
effluent in a certain time is of considerable importance 
in relation to the effects of the effluent on a stream, 
and more particularly so in the case of fishery streams. 
It is quite possible that neglect of such determina- 
tions has been due to the want of a sufficiently simple 
and reliable method, and I shall be glad if the process 
we have devised will be found to supply this want. 


24658. I understand that you are able to give us 
some particulars with regard to the Belfast Sewage 


Works (—Yes. 


24659. What is the population draining to those 
works ?—304,000, but the sewage from 50,577 only is 
being treated at present, as the works are in an experl- 
mental stage, and a large area of land (70-80 acres) is 
being reclaimed from the sea to furnish sufficient space 
for the treatment of all the sewage. No more tanks 
or beds can be constructed until this is done, as all 
the space row. available is occupied by the present 
experimental plent. 


24660. What is the system of drainage? Is the storm 
water either wholly or partially drained into a separate 
system ?—No; practically the whole rainfall from the 
streets and other impervious surfaces goes into the 
sewers. 


24661. Is there any infiltration of subsoil water into 
the sewers ?—-Therg is a leakage of river water into the 
main drainage system, which some time ago I estimated 
from the salinity to be about 15 per cent. of the whole 
sewage passing to the cutfall. Some of this, however, 
is not leakage, but is water taken from the river for 
condensing purposes, and then thrown into the sewer. 
The immediate neighbourhood of Belfast is hilly, and 
in rainy weather a large quantity of water finds its way 
into the sewers—leading occasionally to very serious 
ficcds in the city. 
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very closely approximates the loss in dissolved oxygen, 
and there is apparently a very slight evolution of 
nitrogen. On the other hand the gain in nitrate is 
rather more than can be accounted for by the loss of 
free and albumincid ammonia. 

In the aérobic series the changes, so far as they can be 
followed, are different, but here gasometric analysis 


is no longer of service, and the usual but coarser 


methods of analysis can alone be employed. It will 
be seen that the nitrates increased in amount while 
the free ammonia decreased, and there was also a de- 
crease in the albuminoid ammonia. The gain in nitric 
nitrogen very nearly corresponds with the loss of am- 
moniacal nitrogen. The balances stand thus :— 


Nitrogen as nitrate at finish 


2°50 
ay s start- 1°98 
Gain in nitric nitrogen : : - - - 0°52 


24662. What is the water supply per head, and from 
what source does it come?—About thirty gallons per 
head. The present suyply is chiefly derived from up- 
land surface drainage from the hills in the neighbour- 
hood of Belfast. The new supply will come from the 
Mourne Mountain district. 

_ 24663. Is it hard or soft water 1—The present supply 
is fairly soft. Total hardness, about 7 grains per gallon, 
temporary hardness, 3-4 ; permanent hardness, 4-3. The 


new supply is softer, as the gathering ground is largely 
granite. 


24664. Has the flow of sewage to the works been 
gauged?—The flow has not been accurately gauged. 
Dry weatier flow is about eleven million gallons in 
summer and winter. 


24665. Can you say what the maximum and minimum 
dry weather rates of flow are?—No. 


24666. Do you know what the maximum wet weather 
rate of flow has been, and during how many hours it 
ccntinued ?—Observations of this kind have only just 
been commenced. 


24667. What is the largest number of gallons which 
have passed the lasi storm oveiaflow and reached the 
works in twenty-four kcurs?—From the low level area 
about twenty-eight million gallons. No record is kept 
for the high level, as cnly part is pumped. 


24668. How many gallons of trade effluents enter the 
sewers daily, and what is the nature of these effluents ? 
Have you analytical figures?—The number of gallons 
of trade effluents entering the sewers is not known. The 
only important trade effluent is the “pot ale” of the 
distilleries. An interesting effect of this effluent 
when introduced into a sewer came under my notice 
some years ago. The pot ale from one of the Belfast 
distilleries—a very large one—was strongly acid. before 
discharge, but was no serious nuisance in itself. The 
sludge in the sewer contained, as usual, much ferrous 
sulphide, but was also in itself no nuisance. But the 
effect of the acid pot ale on the sludge was to disengage 
much sulphuretted hydrogen, with the result that a 
serious nuisance was caused. No analytical figures 
available. 


24669. Has the Corporation framed any rules for 
the reception of trade effluents into sewers ?—No; 
except as regards their temperatures. 


24670. Is it found that the trade effluents interfere 
with the process of purification, by reason of their 
quality, variations in composition, fluctuations of 
volume, or otherwise?—The available data are as yet 
insufficient to enable me to reply to this question fully. 
But lately substances of a tarry, or creosoty, nature 
have occasionally made their appearance in the sewage 
in considerable quantities, and were diverted from the 
purification plant, fearing trouble. 


24671. In dry weather what is the average amount 
of suspended matter in the sewage, and what are the 
highest and lowest figures, in parts per 100,000 ?—I 
have not sufficient data to say. 


24672. Can you give us average analyses of the 
sewage for the years 1905 and 1904 in summer and in 
winter ?—I can give an average analysis for the period 
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November, 1902, to January, 1903, and an average of two analyses made in July, 1904. The figures are — 


PARTS PER 100,000.—November, 1902, to January, 1903. 


Average of 9 Weekly Analyses. 
































Nitrogen as :— 
____| Oxygen absorbed, . 
4 hours at 80° F. PhloriaG, 
Free Ammonia. | Albuminoid Ammonia. 

sereened and settled sewage - - 2°29 | 0°92 6°95 59°0 

July 1904.—Mean of 2 Analyses. 

Nitrogen as :— 

- Oxygen absorbed, i 








2°47 
2°76 


Crude sewage - - - - 


Screened and settled sewage - 


4 hours at 80° F. 


Free Ammonia. | Albuminoid Ammonia. 





10°30 
795 


1°28 
0°95 





24673. How do you think “strength” of sewage as 
affecting purification is best expressed or measured ?— 
That is a most difficult, 1f not an impossible, question 
to answer comprehensively, as it seems to me that a 
sewage may be “strong” in several different ways in 
relation to purification, of which the chief are: (1) 
Suspended solids ; (2) putrescible organic matter ; (3) 
free or saline ammonia. The first two of these are 


important in relation to any system of purification ; 
the third only in special cases like Belfast, where the 
chief object to be aimed at is the prevention of vege- 
table growths in the waters into which the effluent is 
discharged. As is well known, the average figures 
given by the Rivers Pollution Commission for the 
sewage of water-closet towns are as follow, in parts per 
100,000 : -—— 




















Organic. Total Suspended Matters. 
Solids. Chlorine. Ammonia. Combined 
Carbon. | Nitrogen. a Mineral. | Organic. | Total. 
72°2 10°66 4:7 | 2°20 | 6°7 | 7°73 | 24°2 | 20°5. | 44°7 








It is interesting in relation to the question of the 
“strength” of sewage to compare these figures with the 


results obtained within recent years in some of the 
large town :— j 














[ = i 
Oxygen ab- Free Le : 
eee sorbed, 4 hours} Chlorine. and Saline CES Snapentss Total Organic 
at 80° F. Mannaonta, mmonia. olids. Nitrogen. 
i = 
Manchester* - - - 9°96-12°11 17°3-20°1 2°58-3'17 0°57-0°76 (2) (2) 
Leedst -— - - - - | 12°71 —- 3°37 1°48 63:1 (2) 
Birminghamt - - -| 9:85-16-92 | 10°8-23°9 2-27-3'14(1)|  0-99-1-45(2)|  47-5-59-6 4-06-6°88 
Belfast§ - 2 <9 9°01 -— 2°13 (1) 0°89 (2) 15-4 1°53 
Belfast} - - - Sat pO kO —- 1:97 (1) - 1°24 (?) 34°27 Ge 




















From these analyses it is evident that the figure 
given by the Rivers Pollution Commission for the 
free or saline ammonia is between twice and three 
times the amount actually present in the sewage 
of these four towns. I should, therefore, be inclined 
to regard a town sewage as “strong” in this factor if 
the amount exceeded, say, 3°5 parts per 100,000. As 
regards the suspended solids, the data upon which to 
form anything hke a definite conclusion as to what 
constitutes “strength” ere very meagre ; but I should 





be inclined to regard a sewage containing anything over 
50 parts per 100,000 as decidedly “strong” in respect of this 
factor. Coming now to the question of “strength” in 
relation to putrescibility, the difficulty at once arises 
as to how this factor should be arrived at. Suppose, 
however, for the moment, that the “oxygen absorbed 
test” be taken as the index, the lowest average amount 
found at Manchester, Birmingham, and Belfast is 
fairly uniform, and corresponds with between 9-10 


parts per 100,000. The average figures given for the 





* Weekly averages hourly of samples analysed once daily from April Ist, 1903, to March 30th, 1904. 
are from the Annual Report of the Rivers Department, where they are given in grains per gallon. y 





The figures 


+ Average of analyses referring to period from March 26th to June 30th, 1900. The figures are from the City of 


Leeds Report on Sewage Disposal, July, 1900, where they are given in grains per gallon. te: 
+ Typical analyses given in Appendix 9c (p. 534) of this Commission’s Reports, Vol. 3. The figures refer to four 


different sewers. 


B BYE 


§ Average of analyses of screened and settled sewage made from January—June, 1902. 
|| Average of analyses of crfde sewage made from December, 1903, to February, 1904. 


(1) The figures refer to nitrogen as free from ammonia. 


(?) The figures refer to nitrogen as albuminoid ammonia. 
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London sewage* vary in a most remarkable way from 
4.83 to 14-48, but the mean of these extremes is 
9.6—practically agreeing with the lowest average 
amounts found in the three large towns just men- 
tioned. ‘Therefore, I think it may be fairly argued 
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that “strength” in relation to this factor may be de- 
fined as anything above 10 parts per 100,000. It may 
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now be of interest to give what appear to be typical F.I.C:,Ph.D. 


examples of “strong” sewages in relation to each of 
the three factors discussed above. 


1.—Sewages “strong” in Free or Saline Ammonia. 

































































: oe Water Free | Albuminoid Ox) gin | Suspendeil 
Su, ply. Ammonia. Ammonia. Absorced. Solids. 
Hampton - . - - - - - 225 79°32 15°2 — — 
: (organic) 
Burgess Hill - - - - ; - - 18 17°20 4-0) 8-03 10°41 
(3 hours) 
Newmarket - - - - : - 20 15°50 07 10-0 80-0 
; : (15m. at 140°F) 
Guildford - - - : - - =~. 20-30 11°53 3°58 17:03 -- 
2.—Sewages “strong” in Suspended Solids. 
Ana Water Free Albuminoid Oxygen Suspended 
| Supply. Ammonia. Ainmonia. Absorbed. Solids. 
Newton-in-Makerfield - -— - : 15 4-28 2-06 21:80 153-0 
Burgess Hill -~— - - : - eee 18 17°20 40 8:03 101°41 
Maidstone” - - - - - ° = 163 4°95 0 74 11°15 81:0 
Newmarket - - - - - . - 20 15°50 0°7 10-0 80°0 
(15 m. at 140°F) 
3.—Sewages “strong” as regards the “ Oxygen Absorbed”’ Test. 
: Water Free Albuminoid Oxyg.n Suspenced 
Supply. Ammonia. Ammonia. Absoi bed. Solids. 
Malvern - - - - - - - : 25 4:0 02 33°08 — 
(2 hours) 
Newton-in-Makerfield  - - - - - 15 4°28 2-06 21°80 153°0 
Guildford - eine’ - - 20-30 11°53 3°58 17:03 — 
See ieeah RAE MR atl (os eri BS 2-81 162 16°35 76°72 





The figures in each case are taken from Appendix 9, Vol. 3, of the interim report of this Commission. 


The point which I wish to bring out is that a sewage 
“strong” in any one of these factors is not necessarily 
“strong” in all. Thus, the sewage of Malvern, judged 
by the oxygen absorbed test is remarkably strong, but 
yet it contains a low proportion of albuminoid am- 
monia, and not an excessive quantity of free or saline 
ammonia. The sewage of Burgess Hill shows great 
strength as regards suspended solids, while judged by 
the oxygen absorbed test it is weak. While the New- 
market sewage is remarkably strong as regards free 
ammonia, it is by no means strong in relation to the 
oxygen absorbed test or in its content of albuminoid 
ammonia. As to the measurement of “strength” in 
relation ta purification, there is, of course, no diffi- 
culty in determining any of the factors already dis- 
cussed ; but I am under the impression that the crue 
of the question lies in the determination of the amount 
of putrescible organic matter, and I do not believe that 
any chemist who has worked much at sewage analyses, 
or who has really considered how his results should be 
interpreted, will be inclined to pin his faith either to 
the oxygen absorbed test (in any of its forms) or to 
determinations of the albuminoid ammonia or the 
organic mitrogen, as furnishing a true index to the 
amount of putrescible organic matter. It appears to 
me that the only correct and rational method for 
measuring this factor should depend upon the deter- 
mination of the actual amount of oxygen which the 
putrescible matter will eventually absorb. As to how 
this may best be done, I prefer to leave to 





my friend, 


Dr. Adeney, who has devoted a great deal of time and 
attention to the subject, and who, I understand, pro- 
poses to give special evidence on the subject. 


24674. Can you say whether the sewage of Belfast is 
always alkaline?—All samples as yet analysed have 
been tested,.and have been found to be alkaline. 


_. 24675. With regard to the question of storm: water 
sewage, do you think it possible to have a standard 
form of storm water overflow?—The City Surveyor is 
introducing such in Belfast. The overflow is to come 
into operation when the flow in the sewer is six times 
the ordinary dry weather rate. 

24676. Do you think the number of dilutions at 
which storm sewage may properly be allowed to pass 
irto the stream should be dependent upon the size and 
nature of the stream into which the storm sewage 
would pass? Is it possible, for example, that in some 
circumstances no injury to the stream would be caused 
by allowing overflows to come into operation when the 
increased flow was slight, while in others this would not 
be the case ?—Yes. 

24677. Is the Belfast sewage settled, and, if so, how ; 
i.e., by quiescent settlement or continuous settlement ; 
and what length of time does it stay in the tanks or 
take to pass through, as the case may be? Would you 
kindly give am average analysis of the tank liquor, in- 
cluding the figures for suspended solids?—Yes ; the 
sewage is settled in a large underground reservoir, 
which at present receives the sewage during the period 





* The Experimental Bacterial Treatment ot London Sewage. Being an account of the experiments carried out 
by the London County Council between the years 1892-1903. 


6225—Ap. I. 


4G 


17 May 1905. 
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Mr. E. A. when discharge is not taking place, that is to say, for an hour after half ebb) a portion of the sewage is dis- 
Letts, D.Sc., about 85 hours on each tide; but during discharge charged without, any settlement. An average of twelve 
F.1.C.,Ph.D. (which occurs from the time of high water until half analyses gave :— 


17 May 1905. 





PARTS PER 100,000. 





Nitrogen as :— 








Oxygen Absorbed, 





Hohl Wee A hours at 80° E. Suspended Solids. 
Free Ammonia. | Albuminoid Ammonia. "(Kieldahiy.” 
2°13 0-89 3°66 9-01 15-4 








24678. Should the heavy (road detritus, etc.) portion 
of the suspended matter in sewage be removed as a first 
operation, or do you think it better and more economi- 
cal to let everything settle in the tanks, and subse- 
quently to screen the sludge?—I am of the opinion 
that the heavy portion of the suspended matter should 
be removed. as a first operation. 


24679. What is the manurial value of the Belfast 
sludge ’--No sludging isdoneas yet. It all goes into the 
sea. 

24680. Have you had any experience of the working 
of septic tanks ?—The Belfast plant is entirely experi- 
mental as yet, and our experience with it is scarcely 
sufficient to enable me to speak authoritatively on the 
working of septic tanks. 

24681. As regards contact beds, do you think it ad- 
visable to construct the whole or any part of the in- 
terior of building materials, or may you in some cases 
dispense with this entirely?—Any construction which 
makes the interior watertight and stable is suitable, 
but considerations regarding fracture of foundations, 
necessity of economising space, materials most readily 
procurable, etc., would decide the best methods to be 
adopted in a given case. 

24682. What do you find to be the best filtering 
materials? What is the material (which can be had in 
practicable quantity) that, while efficient, is in your 
experience the least disintegrable in a contact bed ’— 
An experimental plant, consisting of an open septic 
tank and a number of small contact beds (each 12 ft. 
by 104 ft. and 25 ft. deep) has been installed at Bel- 


fast in order to test the effects of different materials. 


ee 

The materials used are broken bricks, freestone, whin- 
stone, Jimestone, clinker, and coke. The beds are 
arranged in pairs, so that the effects of double contact 
can be investigated. Most of the upper series are 
filled with fragments of “medium” size, while those 
of the lower series are filled with “fine” fragments. 
In order to include in this series of experiments, the 
effect of the size of the fragments, as well as those of 
the materials, a double set of the above beds has been 
filled with the same material (limestone), arranged 
thus :—One upper bed of “ coarse” fragments, coupled 
with a lower bed of “medium” fragments. One upper 
bed of “ medium” fragments, coupled with a lower bed 
of “fine” fragments. The “coarse” fragments were 
such as passed through a riddle 24 in. in mesh, but did 
not pass through one of 15 in. mesh. The “medium” 
fragments (of all the materials) were such as passed 
through this latter, but did not pass trough a riddle 
with $ in. mesh, while the “ fine” fragments (of all the 
materials) were such as passed through the $ in. mesh, 
but did not pass through one of 4 in. The experi- 
ments are not yet completed, but the results obtained 
up to the present time are given in the subjoined table, 
together with some previous results, in which the effects 
of brick and coke fragments are contrasted or partly 
contrasted, as both of the lower beds were filled with 
brick fragments, while one of the upper beds was filled 
with coke and one with brick. It should be mentioned 
that the period of contact in each bed, and resting 
period of each bed, was about three hours; and also 
that the samples were taken simultaneously from all the 
beds, which were all filled at the same time with the 
same sewage after septic tank treatment. 


EXPERIMENTS ON THE USE OF DIFFERENT MATERIALS IN. CONTACT BEDS. 





Nature 
of - 


Liquid Examined. Material. 


Grade. 


Parts per 100,000 

















Crude sewage - - - - — 2s 
Soreened and settled sewage - — oe 


Septic tank effluent - : - — L 





Effluent from double contact -| Broken brick 


” ” 9 Freestone - “) 
Whinstone” - 
Clinker - 

Coke - J 


Limestone : rf 





” ” ” ” - 





Medium & Fine 


Coarse& Mediuin = 


Nitrogen as :— | Oxygen 
aoe ——| Arserted 

ieee dates Nitrates. | 80° F. 

2407 1-97 124 | O13 | 9419 

-- 219 0°85 0-09 7-96 

11°37 2°70 0°67 a 6-16 

pe 0°32 0-25 0-76 1-44 

v - 1-08 0-33 1 sate 
" 7 0°85 0-29 1-97 
” == 1°40 0°38 od 2:30 
” -- 1-07 0°33 es 1:99 
» — 1-31 0-24 0-47 sat 

0°96 0-21 0-42 


1 “75 
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OLDER EXPERIMENTS. 
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Nature 
Liquid Examined. of Grade. Nitrogen as :— Oxygen 
Material. Suspended Absorbed 
Solids. 
"| Free | Alba. | x., Coane 
Ammonia.| Ammonia.| *!T@tes, : 
Screened and settled sewage — -- 12°9 2°00 0°72 0°04 7°76 
Effluent from double contact - | Broken Brick - | Coarse & Medium 3°3 0°89 0719 0°04 2°24 
Screened and settled sewage - ~ fas 29-8 2-55 1-41 044 12°77 
| Upper Beds - |, 
| Coke sig AEG 
Effluent from double contact - Coarse& Medium 52 1°48 0°17 0:00 3°80 
Lower Beds" - 
Broken Brick - | 
t a tao : a 
The best results have clearly been obtained by the use for some time they were thrown out of action. This 


of the broken brick material, whether tested by the 
purification obtained in free ammonia or in “ oxygen 
absorbed.” The appearance of the effluent from this 
material is also best, that is to say, it is clearest. On 
the whole, the worst results were obtained with the free- 
stone. The other materials show intermediate results, 
and with some of these (especially coke and clinker) it 
should be pointed out that the number of comparative 
experiments made is insufficient as yet to warrant de- 
finite conclusions. The results of the experiments with 
limestone are interesting and rather unexpected, as 
better purification was obtained with the coarser frag- 
ments than with the finer. As regards the question of 
durability of materials, our experiments at Belfast have 
demonstrated that coke disintegrates rapidly. We 
have not had any trouble in this respect with the broken 
bricks, and beds filled with that material in 1899 are 
in as good a condition now as when they were first set 
to work. We formed a bad opinion on general grounds 
of some large beds filled with destructor clinker, end 


material, however, as obtained at Belfast, is of inferior 
quality, and disintegrates somewhat rapidly. The 
limestone we have used is hard, and, so far as our ex- 
perience goes, does not disintegrate. It stould be a 
good material for all places where the removal of the 
free or saline ammonia is not of importance. 


24683. What periods of filling, standing full, empty- 
ing, and standing empty do you consider best in prac- 
tical working for primary and secondary contact beds ? 


—I have not gone into this question experimentally. 


24684. Is one contact sufficient for the conversion of 
certain tank liquors into a satisfactory effluent ?—This 
will depend upon (1) the nature of the tank effluent ; 
(2) the definition of a “satisfactory” effluent ; (3) how 
the effluent is to be disposed of ; but, of course, 2 and 
5 are inter-dependent. The following figures were cb- 
tained by me at Belfast as the mean of twelve series of 
analyses made during the winter and summer of 


1902 : — 








Parts per 100,009. * 


Cubie Centimetres 
per Litre. + 





Nature of Sample. 
. Nitrogen as: — 


Oxygen Absorbed Test, 


| Eady Aare. 
| a hoursiat S0°k! Dissolved Gases: + 







































































Free |Albuminoid| Total Nitrate 3 4  |Ineubator Test)C.rbonic 
Ammonia.| Ammonia. |(Kjeldah]) “~"| Minutes.| Hours.| 3 Minutes. Ne Oxygen.|Nitrogen 
ride, 
zened and settled sewage 2AS 0:89 3°66 0:14 2°87 9°01 6°67 106°12 0-01 17:93 
uent from upper bed ~ - 1°55 0°52 2°36 — 1°64 4°74 3°55 115°51 0-00 19°14 
7 98 lower bed - 1-04 0:26 1°59 0:03 0:92 &-62 4°38 111°39 0.03 23°00 
PARTS PER 100,000. 
Solids. * 
Nature of Sample. In Suspension. | In Solution. Total. 
. | 
. | 
Fixed. Volatile. Total | Fixed. Volatile. Total. | — 
{ | 
Screened and settled sewage - 3-2 12°2 15°4 | 1379 32°6 170°5 185°9 
Effluent from lower bed - lee ee 3°5 | 138°2 226 160°8 164°3 
RATIOS :— 
Fixed ; Volatile. In the Sewage. In suspension 1: 3°8. In solution 1: 0°24. 
fluent. ,, a Ieee -Or ee . 1; 0-16. 


Sewage 1: 11 


2? 


Suspended : Dissolved. 


. 


Effluent 1: 46. 


> 


”’ i” 





* Mean of 12 series of analyses. + Mean of 6 series of analyses. _ +0 
~ The dissolved gases also contained at times hydrogen and marsh gas in small quantities. 


but are not included in the nitrogen. 
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These were determined 
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I do not consider that the effluent from first contact in 
the above experiments was sufficiently pure to be 
thrown into a small and clean non-drinking water 
stream. 

24685. Are there any chemical poisons in the final 
effluent from the Belfast works /—No. 


24686. What is the average amount of suspended 
matter in the primary bed effluent and in the secondiry 
bed effluent? Does most of this suspended matter come 


- out with the first flush or not ?—The suspended matter 


in primary bed effluent has not been determined. I have 
given the figures for the secondary bed efiluent. ‘The 
results obtained were average results on samples taken 
every few minutes during discharge. No deubt a good 
deal of suspended matter comes out with the first rush 
of liquid from the contact beds ; but I have made no 
special experiments on its amount. 


24687. Do you find any nuisance from the treatment 
of sewage on contact beds? Have any complaints been 
made ?—Complaints have been made, but I do not be- 
lieve that the smell complained of came from the con- 
tact beds at all, but from refuse which was being tipped. 
There is, cf course, a slight smell at times when a bed 
is being filled ; but I do not think it could be noticed 
except close to the bed. 


24688. As regards continuous or percolating filters, 
do you think it generally desirable that sewage should 
be subjected to some form of tank treatment before it 
is put on the filters?—I have made no direct experi-, 
ments on this point with a continuous filter, but from 
the greater readiness with which a septic tank effluent 
nitrifies in a contact bed, contrasted with the positive 
de nitrification which may occur when sewage itself 
passes directly on to a contact bed, I am strongly of 
the opinion that the septic tank forms an important 
preliminary step in the treatment of sewage by a con- 
tinuous filter, preparing the liquid in some way which 
T do not think has been as yet explained for nitrifica- 
tion. But apart from this altogether, there is the ques- 
tion of the suspended solids, which must, I think, be 
more satisfactorily removed by a preliminary tank 
treatment. , 

24689. Do you find any nuisance from the treatment 
of sewage on percolating filters? Have any complaints 
been made ?—A slight nuisance has been observed if a 
septic tank effluent is used. This might, I think, be 
considerable in the case of a large installation of septic 
tanks and continuous filters. No complaints have been 
made in Belfast at present, but we are only working on 
an experimental scale at present.” 

21690. (Sir William Ramsay.) You speak in 24651 of 
green seaweeds causing a nuisance. I do not remember 
that the character of the nuisance has ever been ex- 
plained ?—I think I have given that in former evidence ; 
but shall I repeat it again ? 


24691. I think it might be well if you were to tell us 
very shortly ; because this will form a report of itself ; 
your evidence and that of a number of other witnesses 
that we are examining just now; it would therefore 
complete it if you told us what sort of nuisance ex sts 
now ?—Well, the nuisance occurs when the seaweed col- 
lects on the margins of the loch, mainly in a submerged 
condition. If it is dry there is. no nuisance at all; but 
if it remains wet and submerged, or more or less sub- 
merged, then a serious nuisance occurs in consequence 
of itsfermentation. ‘That fermentation occurs, according 
to the work that I have done, in two different stages. 
First of all there is a rush of carbonic anhydride, with 
production of fatty acids, mére particularly of propionic 
acid, so that you get an acid mixture resulting. Then 
apparently there is a subsequent fermentation of a distinct 
character whereby the sulphates, I think, of the sea-water 
are reduced to sulphides. These sulphides are then acted 
upon by the propionic and other fatty acids (the products 
of the first fermentation), with the result that sulphuretted 
hydrogen is produced. It is the sulphuretted hydrogen 
really which constitutes the nuisance. Perhaps I may 
draw the attention of the Commission to the fact that I 
think this seaweed nuisance is much more generally 





* During a recent visit to the Birmingham sewage works 
(July, 1905) I was much struck by the practically complete 
absence of smell from both the sedimenting and septic tanks 
through which the sewage of about 800,000 of a population 
was passing. <A considerable proportion of the effluent 
was being treated on percolating filters, but there again 
practically no smell was apparent. Z 
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present cn our coasts than 1s believed. In the trip 
which Dr. Adeney and I took on behalf of the Commission 
round some of the chief English estuaries last August we 
noticed it in quite a number of places. 


24692. That the presence of seaweed was a nuisance ?— 
That the presence of seaweed was a nuisance; and 
Southampton, I think, is a very good second to Belfast. 


* 24693. Is it complained of at Southampton ?—In a 
vague kind of way they say there is a nuisance ; but they 
do not seem to connect it particularly with the seaweed. 


24694. Have you found any effect upon the health 
of the population at Belfast or Southampton?—Well 
it is one of those questions that doctors are very chary 
about pronouncing an opinion upon; they all agree that 
it causes a lowering effect upon the general health of the 
population ; want of appetite, and headaches, and that 
sort of thing ; 
it produces any specific disease*. 


24695. In your answer to question 24653 there is a 
sentence which I daresay you would like to modify: “I 
should regard aeration as a factor of prime importance 
in such cases.” It is towards the end of the answer, 
in discussing the effluent being toxic to fish or not. I 
suppose you would qualify that by saying that as long 
as the effluent does not itself absorb oxygen, it is not 
detrimental to fish life ?—As long as it does not absorb 
oxygen—well, what I meant to convey there was that 
the effluent to start with ought to possess a certain degree 
of aeration. 


24696. Which is not reduced by standing ?—Not 
materially reduced on standing in presence of air. 


24697. That is, I think, not quite clear ?—Is that not 
quite clear ? 

24698. That is right, I think. On table 1, question 
24654 [p. 430] [should like to ask if you have ever noticed 
any hydrogen evolved along with carbonic anhydride 
and nitrogen from the nitrified sample ?—There is a 


but they do not go so far as to say that 


footnote there from which you will find that hydrogen is — 


produced. 


24699. From the septic tank effluent there is hydrogen 
produced. You have analysed on one occasion the septic 
tank effluent under the heading 3 B; it refers to 1-91 
of marsh gas ?—Yes, that is the septic tank effluent 
alone. 


24700. And that contains little hydrogen; was it 
tested for at other times ?—Oh, yes, always tested for. 


24701. But this was the only cccasion on which it was 
found ?—I think so. 


24702. You find,I think,thatfree nitrogen is generally 
evolved in considerable quantity. Do you regard as the 
reason of that the decomposition of the nitrites ?— 
Nitrate. 


24703. Yes, but is there not nitrite of ammonium pro- 
duced at one state of the stage which, as one knows, goes into 
nitrogen and water when heated ?—Not in my experiments; 
I have very seldom observed the production of nitrite. 
You will find later on that some nitrites have been formed ; 
but if you will look at table 2 I think that it is there— 
Yes, towards the bottom. Nitrogen as nitrite in nitrated 
sample— You will see that on two occasions there was a 
little nitrite present at the end of the 24 hours, but on 
all the other occasions there was none. 


24704. Yes, but as a transitional stage in the formation 


of nitrogen, do you not think that the presence of nitrite 
is essential 2 The only chemical reason one can give for 


the evolution of nitrogen is the presence of nitrite at 


some stage or other and its decomposition ; it may not be 


possible to detect it ?—We have not been able to detect — 


it. 


24705. 1t looks unlikely that a nitrate should be 


reduced to nitrogen ?—My own feeling about it after 
doing a good deal of work on the subject, is that the 
nitrate goes straight into nitrogen without intermediate 
formation of nitrite. Ihave no direct proof further than 
the fact that in three out of the five experiments no 
nitrite was found at the end of 24 hours, but the whole 





* It should. however be stated that several cases of — 


OO 





» 


typhoid fever have occurred along the Belfast foreshores _ 


which cannot be traced to an impure milk or water supply. — 
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of the nitrate had been decomposed with practically 
theoretical evolution of nitrogen gas. 


24706. 1t is a theoretical point ?—My experience 02 
the whole has been that if nitrite formation occurs, you 
get less nitrogen gas; it seems to block the formation 
of nitrogen. 


24707. Itis a purely theoretical point, of course. On 
the same question (24654) you speak about loss of free 
ammonia and gain in albuminoid ammonia; was there 
any change in the quantity of nitric nitrogen ?—What I 
have stated [end of under Ist general conclusion p. 594] is 
“There is no evidence from our experiments to show 
that any considerable quantity of these gases (nitrogen 
‘or its oxides) is produced from either the free ammonia or 
the organic nitrogen present in the septic tank effluent,” 
but I have drawn attention [under 5] to the fact that 
in, all the experiments there was always a loss of free 
‘ammonia, and as a rule.a gain in albuminoid ammonia. 
Perhaps I may draw your attention to Section B, p. 594, as 
indicating that the reduction of nitrates is not a chemical 
process ; I mean not a simple chemical process, but that 
it really is a biological process. 


24708. Some experiments made by Dr. McGowan 
showed that Pasteur-filtered sewage underwent no 
change whatever; no oxidation ?—I was not aware of 
those experiments. 


24709. That the organisms are wanting; there is no 
‘oxidation even when the—— 


24710. (Dr. McGowan.) They have not been published ; 
thatis along while ago ?—I havea kind of recollection that 
‘a long while ago one of the French chemists found that 
-oxygen did go in the case of preserved meat ; meat which 
chad been sterilised by heat very slowly absorbed oxygen, 


24711. Any experiments I saw on the subject had the 
result arrived at by you and myself, that there was no 
change, at least no appreciable change ?—I daresay that 
after a long time there might have been very slow 
oxidation. 


24712. (Sir William Ramsay.) Anyhow it appears to be 
mostly a biological process, and when life is excluded the 
absorption of oxygen is either nil or excessively slow ?— 
Quite so. Here of course the question that I was rather 
:anxious to decide was whether the action was enzymic 
-action, 7.e., purely enzymic, or whether it was chemical 
-or biological, and I think the experiment we made 
on that point was convincing ; we did not repeat it, as it 
-appeared unnecessary to do so. 


24713. It appears to be so. In section C you deal 
-with the experiments made with cultures of the same 
organisms and nitrated broth, and although they are 
not as yet completed, the results so far cbtained show that 
bacillus coli communis liberates nitrogen from a nitrate 
‘in broth culture ; bacillus lactis erogenes does not do so ? 
-—Our preliminary experiments seem to indicate that; I 
have never had time to follow that matter out as I should 
_-have liked to have done. 


24714. Perhaps Dr. Houston could give us some infor- 
‘mation on the point. Dr. Houston: Jt has ben stated 
that a large number of these coli organisms do produce 
‘minute traces, but J do not think more than that. While 
‘I am on that, might I ask Dr. Letts about the nitrate ques- 
‘tion ; when did you test as a rule for the evidence of the 
“presence of nitrite ?— At the end of 24 hours. 


94715. As soon as that ?— Yes. 


24716. I was wondering whether possibly the test had 
‘been made after the second process had taken effect, be- 
-cause the nitrite is formed -very rapidly asarule witha 10 
per cent. broth, containing -1 per cent. of nitrate; the 
great majority of sewage organisms prcduced abundant 
‘nitrite in 24 hours at blood heat. The exception is chiefly 
as regards organisms like the streptococci. I have tested 
-300 or 400 of these, and I have never found one that 
‘reduced nitrate to nitrite, but all the varieties of bacillus 
-coli that I have tested reduced it vigorously ?—You 
will come presently in the continuation of my evidence to 
-cases in which when the nitrate has been produced natur- 
ally and is in smaller quantities than in these first ex- 
‘periments conducted with added nitrate, that nitrites are 
generally formed. It is rather a singular thing that 
when we added potassium nitrate to the sewage so that 
‘the mixture was fairly strong as regards nitrates, as a 
-rale we got no nitrite; all the nitrate seemed to go 
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straight away into nitrogen, with nearly equivalent pro- 
duction of carbonic anhydride, but when our experiments 


Mr. #. A. 
Letts, D.Se., 


were conducted with mixtures of septic tank effluent and ?.1.C.,Ph.D. 


an effluent containing nitrates produced during treatment, 
nitrites were frequently formed. There was, however, 
this difference as a rule in the two sets of experiments, 
that whereas in the first the added nitrate was in large 
proportion, in the second it was much smaller. 


24717. (Sir William Ramsay.) It is a question of pro- 
portion then, I suppose ?—Very possibly, but as yet I 
cannot say that I have quite got at the explanation. 


24718. Of course there could be no difierence between 
artificial nitrate and natural nitrate 7—No; the only 
difierence in the conditions was thatin the first case there 
was, so to speak, a iarge mass of putrefying matter, rela- 
tively to the nitrate present, because in a nitrated 
effluent you have got one of course, which has got over 
the first rush of fermentation. 


24719. Yes, that is so ?—Whether that is the explana- 
tion or not I do not know, but I was myself struck with the 
absence of nitrites, because I. think that Prof. Percy 
Frankland some years ago made a number of experiments 
with a vare’y of organisms, and he found that a con- 
siderable pezcentage of them gave nitrites ; but he seems 
to have mizsed the evolution of nitrogen. I may perhaps 
mention that in the bacteriological laboratory at Queen’s 
College, Belfast, just now, attempts are being made to 
isolate the organisms from s3wage which specially reduce 
nitrates to nitrogen gas. Of course organisms have 
been obtaired alcealy having this function, but I do not 
think directly from sewage. They are attempting in our 
bacteriological laboratory to isolate the specific organ- 
isms which reduce nitrates to nitrogen gas, and to 
identify them if possible.* 

24720. What food do they give these organisms— broth ? 
—I think they are using broth. 


24721. And adding artificial nitrate ? 
artificial nitrate. 





And adding 


24722. And aerating, I suppose, with oxygen alone, or 
must it be anzrobic ?—Well, I am in doubt about 
that ; though I rather think that the nitrate does not go 
before all the oxygen has disappeared. 


24723. (Dr. McGowan.) We have made some experi- 
ments on that point, and although we could not draw an 
absolutely hard and fast line, s:nce the results of the 
experiments were not quite sharp, 1 have no doubt in 
my own mind that the oxygen goes first ?—That the 
oxygen goes first. 


24724. (Sir William Ramsay.) Entirely. 


24725. (Dr. McGowan.) I should say entirely. If you 
are dealing with a clear liquid, apart from suspended 
organic matter ?—In that connection may I draw your 
attention to Section A, Tables 1 & 2, again, where we 
tried an experiment of that kind which was rather 
curious. We aerated one sample of nitrated septic tank 
effluent, and we did not erate the other. We got 
theoretical evolution of nitrogen in both cases; but as 
might be expected we got more carbonic anhydride 
in the erated sample than from the non-erated sample, 
so that at first glance that would look as if eration does 
not affect the question. But then I think that the 


n,n a 


*Dr. Carnwath, who has been conducting these experi- 
ments, has furnisued me with the following particulars: 

Working on independent lines, he first confirmed my 
results as regards (1) the disappearance of nitrates when a 
nitrated effluent is mixed with a septic tank effluent, and 
(2) that this action is due to micro-organisms and not to 
direct enzymic or chemical action. Next he sought to 
isolate the particular organisms concerned in the process 
from a septic tank effluent, and by using media containing a 
diluted peptone broth, and either porassium nitrate or 
sodium nitrite, he succeeded in isolating two species, both of | 
which are bacilli, but their identification with known species 
has not as yet been accomplished. Both of these organisms 
have the power of reducing nitrates to nitrites and even- 
tually the nitrite to nitrogen gas, On keeping they lo-e 
power as regards rapid reduction of nitrite to nitrogen, but 
retain their power of rapidly reducing nitrate to nitrite. 
By making fresh subcultures from day to day they soon 
regain their power of rapidly reducing nitrites to nitrogen 
and with very active cultures obtained in this way, com- 
plete reduction of nitrate to nitrogen has been observed in a 
nitrated peptone broth containing about 2 parts of nitric 
nitrogen per 100,000 of fluid in less than six hours. 


17 May 1905. 


Mr. H. A. 
Letts, D.Sc., 
F.I.C.,Ph.D. 
17 May 195. 
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apparent anomaly can be explained because the oxygen 
may have all gone first; and it is possible that only 
after the liquid had become anerobic the nitrate decom- 
posed. 

24726. (Sir William Ramsay.) That is a very doubtful 
question, as to whether the oxygen is entirely con- 
sumed before the nitrates are drawn on, and it might 
turn out to be of considerable practical importance ?— 
May I anticipate a little bit the evidence, and ask you 
to turn to 24656. There experiments are described, 
on the changes which occur in the nitrated effluents when 
they are kept simply in closed and full bottles. From 
time to time we examined the liquid more especially as 
regards the dissolved gases. You will find in these 
experiments that the dissolved oxygen went long before 
the nitrate was touched; in fact, the nitrate seemed to 
increase, I presume, from the continued action of nitrify- 
ing organisms so long as oxygen was present. 


24727. Yes, that appears to be so; it increased from 
1:98 to 2:1 ?—Yes, and it is only some time afterwards 
that the nitrate begins to disappear, although you will 
see that the evolution of nitrogen which, of course is a 
more sensitive and more delicate test than the test for 
nitrate—the evolution of nitrogen seems to have com- 
menced, well, as early as the 9th day, at all events. The 
same kind of thing appears to hold with the other ex- 
periments ; and there again I draw your attention to 
the very minute quantities of nitrites. 


24728. Very minute indeed, yes ?—And they were 
examined with great care from time to time. 


24729. They might, however, have been destroyed 
before the five days elapsed in the nitrites? They might. 
24730. They might have been destroyed at an earlier 
stage ; and yet after all the evolution of nitrogen appears 
to take place between the fifth and the ninth day ?—Yes. 


24731. To begin ?—Yes ; still, I am still in doubt about 
the question of nitrites ; I do not understand when they 
are formed and when they are not; I mean to say, the 
exact conditions. 


24732. (Dr. Houston.) Might I suggest a point there : 
do you not think that the reason the nitrates were not 
reduced to nitrites in this Table, Professor Letts, was 
really that there was not enough pabulum ?—Do you 
mean in the first experiments, Tables 1 and 2. 


24733. This one in 24656 that you have just been 
quoting ?—Oh, yes. 

24734. You say there were only traces ?—There of 
course the pabulum was very slight. 

24735. If you had added sterile peptone, I think it 


probable that the nitrate would rapidly have been_, 


reduced ?—Yes, I think it is very possible. 


24736. It is the absence of pabulum ?—Then, on the 
other hand, that is the point that I was trying to draw 
attention to, though you have expressed it in a much 
simpler way than I have in the first experiments, Table 1, 
Question 24654; there was plenty of pabulum there ; 
because it was the septic tank effluent to which con- 
centrated nitrate was added ; would there not be plenty 
of pabulum then } 


24737. Yes, there would be plenty of pabulum then, 
in a sense; but it would be partly exhausted pabulum 
with a septic effluent, that is to say there would be sub- 
stances present which might inhibit the bacteria from 
exercising their functions; it is not in a very suitable 
form ; itis pabulum, but not in a very assimilable form to 
bacteria ?—Well, nevertheless, the reduction of nitrate 
to nitrogen gas occurred rapidly and fairly completely. 


24738. That is so. 


_ 24739. (Sir William Ramsay) The table in 24656 also 
is an effluent there, a treatment of a septic effluent ?— 
Yes, but that is after it has been sprinkled. 


24740. After it has been sprinkled ; after it has been 
oxidised ?—After it has been well oxidised. 


24741. I should like to ask ag regards the answer tu 
Question 24651, below the second table, Section C. 
the words occur, “It is somewhat difficult to find bn 
explanation for the incomplete reduction of nitrates in 
all the experiments of the second ahd in some experiments 
of the first series contrasted with the complete reduction 
which occurred in the experiments already described in 
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which potassium nitrate was added (in concentrated 
solution) to the septic tank effluent.” Was there air 
present in the second experiments ?—To start with, yes. 


24742. Which very soon became exhausted, I presume ? 
—Yes, no doubt. I 
words “ anerobic ” and “robic 


24743. I see; 
anerobic to start with, but it soon became anerobic. 


merely 


”? 


rather loosely there. 


24744. It soon became anzrobic ?—It was 
to distinguish the aerated from the non-aerated. 


24745. Further on you speak about “a certain volume 
of septic tank effluent passed through the sprinkler and 
its bed, and thence made its way into the mixing tank 
while (in the first experiments) the same volume of un- 
treated septic effluent also passed into the latter,” the 
object being to produce an erobic and an anerobic 
liquid. The septic tank effluent, I presume, before it. 
has been sprinkled may be regarded as anerobic 
mixture ?—Yes. . 


24746. Then after sprinkling it is an aercbic mixture ? 
Yes. 


24747. That is practically the process you propose 
to apply to Belfast ?—Well, I am trying so many 
experiments in attempting to solve the Belfast problem 
that this is only one string to my bow. 


24748. But as I understand it rightly, you propose 
to have a mixture of an anaerobic and an aerobic liquid, 


and then by their mutual contact nitrogen would be © 


evolved ; but the total amount of nitrogen would be very 
much reduced in the final effluent ?—That is the point, 
you see, these nitrates encourage the growth of the sea- 
weeds which we suffer from so much; but on the other 
hand the object of most methods of sewage treatment: 
is to foster or encourage the production of nitrates, so 
a totally different system is necessary for Belfast than for: 
most .other places ; 


experiments here have been made largely with that 
object. 


24749. And you think this is a practical method of - 


reducing both the albuminoid ammonia and the nitrates. 


by getting them to give free nitrogen ?—As I have 


pointed out later on, it is easy to reduce the nitrates, but. 
to do that and also get very good purification, seems to. 


be hard ; and I have not gone far enough as yet; but if . 


you will look at the diagram (on page ) you will. 
see how very striking is the reduction of nitrates on the: 
third column. 


24750. (Colonel Harding.) It is at the expense of the: - 


production of more free ammonia ?—Not producing, L 
think, but not getting rid of as much free ammonia. 


24751. If you have less nitrate you have more free: 
ammonia left, according to this diagram which you place- 
before us ?—Yes, we have not got rid of the free ammonia. 
to such an extent as I should like to see. 


24752. Does not the ulva take up the ammonia more: 
freely than the nitrate does ?—Yes. 


24753. Therefore is it not a disadvantage 7—Well, as: 
I say, the experiment—— 


24754. If that reduction of nitrates involves a larger 
quantity of free ammonia ?—Yes, without doubt the 
getting rid of the free ammonia is the main thing; and: 
I think it would be possible to modify this process so 
that more free ammonia would be got rid of as well as the 
nitrates; I hope that, at least. 


24755. (Sir William Ramsay.) Taking the second 
column, No. 3, ot this diagram, and adding together the 
top space and the bottom space, you will see that the 
bottom space, what is called “free ammonia,” there is 
pretty nearly equal in area to free nitrogen, and you have: 
therefore a space pretty nearly equal .o tha! in which 
the word “nitrate” is printed, and free nitrogen which 
is available nitrogen for the use of the ulva; and in the 
third column you have only the bottom part free 
ammonia and albumincid ammonia as available food ;. 
there is a very much larger space filled up by free nitrogen, 
so that on the whole the sustenance is not so great. 

24756. (Colonel Harding.) The point I had noticed 
was that Dr. Letts had said the ulva takes up the free 
ammonia much more readily than the nitrate; but it. 


am afraid that I have used the | 


I just wanted to know ?—It was not — 


therefore one of my main objects . 
is to get rid of the nitrates as much as possible, and these: 


er ere 
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is bad, so it is a very interesting biological fact that I 
think there is no doubt about it. 


24757. (Sir William Ramsay.) I think this is an 
opportunity for putting the general question ; you were 
thinking of purifying the Belfast sewage by putting a 
bed of ulva through which the sewage or party purified 
sewage should run, and you talked of trenching that bed 

- occasionally and using it ?—Yes. 


24758. Has that scheme entirely fallen through ?— 
No, we are still at work upon it ; though owing to struc- 
tural alterations in the works last year I was not able 
to continue the experiments ; but we had the necessary 
tanks made for the experiments; and I think I 
pointed out to the Commission when in Belfast— 
I am not quite certain that I did—that nature had 
performed the experiment for us pretty largely ; 
because since we got the tanks there the sea-weed 
appeared spontaneously in them, the germs of the weed 
having evidently accidentally gained their way into 

. the sewage from the river; then when they got into the 
tanks they germinated, so that, without putting any 
seaweed into the tanks, we had a crop appear spon- 
taneously. 


24759. Then what sort of effluent do you get from the 
tank ?—Oh, it. was an excellent one. 


24760. Very little nitrogenous matter of any kind ?— 

I have not as yet examined it chemically ; I am speaking 

of its appearance. 

structural improvements had been made so as_ to 

make the tanks suitable, and that has compelled me 

to wait until this summer to experiment cn a practical 

- seale (in contradistinction to mere laboratory experi- 

ments, which were completely successful) as to the 

_ purifying effects of the sea-weeds in removing what- 

- ever ammonia remains in the effluent after septic tank 

and double contact bed treatment, for it was in the tank 

into which this effluent passed that one of the green cea- 
weeds appeared, but it dies down during the winter. 


24761. I thought it was to be attempted ona very much 
larger scale by staking in a large part of the foreshore ? 
—Well, we thought it best to make tentative experiments 
first of all, but that is the idea if these succeed. 


24762. Is the prosecution of the ordinary method of 
purification, which consists in the use of contact beds, 
not being taken as the main plan; is not the building 
of contact beds going forward at a great rate ?—No, 
further construction is at present impossib‘e 1s all the 
availabie space has been usedup. At present the sewage 
of only about 50,000 out of a population of over 300,000 
is being treated, but from 70 to 80 acres of land are 
being rapidly reclaimed from the foreshore, and until 
that is done no more tanks or beds can be constructed. 


24763. If your plan were to come in, would it be worth 
while reclaiming those 70-80 acres; would you not be able 
to make use of the foreshore, which is occasionally covered 
with water, as a bed for your ulva ?—Oh, I think we 
shall still do that, apart altogether from the reclaimed 
ground ; the reclaimed ground is only for the purifyirg 
plant. 


24764. Would it be necessary to have such purifying 
plant if you manage to get a large bed of ulva ?—Well, 
we think it will; you see a Bill has been passed requiring 
purification; I do not know if the Local Government 
Board would pass a scheme of purification only by sea- 
weed, because it would not get rid of the solids. 


24765. Would it not? There would be very con- 
siderable filtration through the seaweed ?— Well, J should 
be rather afraid that the solids would troukle us very 

-anuch, and [ think that the Harbour Commissioners 
would object to any scheme which did not remove the 
--bulk of the solids. 


24766. You do not propose to treat the sewage in any 
~way before running it into the bed of seaweed, wold 
“you ?—Oh, yes. 

24767. You would always ?— Yes, to get rid of the bulk 
of the ammonia as well a3 the suspended solids. 


24768. Screening it? But in this particular case is 
it notyour object to feed the seaweed with all the ammonia 
you can give it. You wish a luxuriant crop of seaweed, 
do you not, in that particular fenced-in place ?—We have 
a tremendous lot of it in the Lough; our object is to 
reduce it there to the minimum. 


I had to wait until the necessary © 
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24769. To confine it, dam it, let all your sewage into a 


park of the seaweed ?—No, only the effluent—in order to Letts, D.Se., 
clear out the last traces of ammonia, and if possible of ¥./.C.,Ph.D. 


the nitrate also, thus depriving the effluent of its fertilis- 
ing properties in relation to sea-weeds when it escapes 
into the Lough. 


24770, Have you ever thought of admitting the crude 
sewage into the seaweed ?- Oh yes, we have. 


24771. What is the objection to it ?~ The solids would 
be the main objection. 


24772. (Colonel Harding.) Would there be no dis- 
solution of the solids ?—There might be, bert you would 
still have inorganic solids troubling you, and I think 
that the Harbour Commissioners would object to that. 


24773. In so far as they were inorganic, would they 
be objectionable on the sea-shore ?—They would have to 
dredge them from the channel. 


24774. Would the volume of them be sufficiently im- 
portant to necessitate that ?—I think so. 


24775. Could they not be got rid of by catch pits ?— 
The detritus would, of course, the road detritus, but I 
think there is a lot of fine matter that would not. 


24776. (Mr. Stafford.) Would not your marine garden 
be rather a foul smelling thing ?—Oh, no, not if it were 
looked after. 


24777. (Sir William Ramsay.) So long as it is growing 
there is no smell at all ?—No. 


24778. (Mr. Stafford.) What are you to do with the 
seaweed ?—There are a great many things we can do with 
it ; we can burn it, we can dig it into the land; there is 
plenty of land to work it ; a third thing would be to distil 
it into ammonia. 

24779. (Sir William Ramsay.) Dry it and distil it ?— 
Yes. 

24780. (Mr. Stafford.) You might do a'l these things or 
deposit it on the shore ?—There is the difficulty of collect- 
ing it; it is spread over such a wide area, collecting is 
very troublesome. 


24781. (Sir William Ramsay.) Itis at present collected ? 
—Oh, yes, a lot. 


24782. (Mr. Stafford.) The cost of collection was only 
estimated, I understood, at £1,000 a year, an outside 
figure ?—I fancy it would be more than that. 


24783. The estimate given at our inquiry is £1,000 a 
year ?—Only £1,000 2* 

24784. £1,000. We have given you up to a larger 
limit ?—Yes. 

24785. (Colonel Harding.) There would be this differ- 
ence that in a controlled area you would be collecting 
the ulva in a living state, whereas in the other case you 
are collecting it in a decaying state ?—That is so at 
times at least. 


24786. In a putrefying condition ?—Very often. 


24787. (Mr. Stafford.) Hardly in a putrefying condi- 
tion; then is on the foreshore ?—Yes, if not removed 
quickly as is too often the case. It is only after a strong 
wind blowing shorewards, that the seaweed is washed 
up in manageable quantities, so that the men employed 
for the purpose can easily fill their carts; at other times 
it lies about in such thin layers that it cannot be easily 
collected. 

24788. And then it does not make a nuisance ?—It 
begins to make a nuisance very soon then in warm weather, 
and the nuisance often becomes acute. 


24789. (Sir William Ramsay.) The process of col- 
lecting is not a very perfect one until it is blown up by 
the storm ?— Yes. 

24790. Let it come ashore and collect it rather than 
attempt to purify the sewage by means of ulva. Itisa 
mere question of cost, but if the collection is imperfect 
the amount that remains would still make a nuisance ?— 
A great deal of it is deposited perhaps a little way from 





* Since giving this evidence a Provisional Order of the 
(Irish) Local Government Board has passed through Parlia- 
ment and has received the Royal assent whereby a new 
Authority or Joint Board has been created which has power 
to raise and expend a sum of £2,000 annually in keeping 
the foreshores of Belfast Lough clean. 
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the shore on some of the sandbanks ; I am not at all sure 24303. That is true ?—So that in some way the denitri_ 


Mr. H. A. Re aes E : ; 
Letts, D.Sc, that carts could get out to that distance. fication is hurried up in the most extraordinary manner, 
PIC.PhD. 94791, Tt makes a nuisance even there ; it decays ?— 24804. The temperature is low, judging by the time of 


Well, it grows there and then suddenly a wind may come the year ?—Yes, the temperature is low. I took the | 


1 


~I 


and we may have it in, perhaps, hundreds or thousands 
of tons; we cannot clear it away entirely ; a nuisance 
bursts out. 


24792. It would mean spasmodic work on the part of 
the workman I suppose ?—Yes, [ think so. 


24793. Not regular work ?—Not regular work. Per- 
haps I may take this opportunity of saying I am trying 
various things to prevent the growth of these seaweeds, 
and the latest is one to which perhaps the attention of the 
Commission has been directed—that is the effect of sulphate 
of copper—I understand that they have been doing that 
in the lakes in the London parks, I do not know if it is 
true, but I have read it I think in the Graphic or some- 
where, that in order to eradicate the green filamento.s 
growths which often appear in such quantities in fresh 
- water ponds or lakes, a very small dose of sulphate of 
copper is added to the water. The discovery of this 
toxic action of minute quantities of sulphate of copper 
on alge was made, I believe, in America, and if J am 
correct in my information, it is now being applied as I have 
mentioned in London. I have tried a few experiments 
myself, and there can be no question that one part in 
100,000 of water of solid sulphate of copper does eventually 
destroy the green seaweed ; and it has been proposed to 
try that experiment all over the lough. But J am a little 
bit disappointed In some experiments which I have made 
in a pond which I have at home, which show that whereas 
the sulphate of copper kills the green fresh water alge 
very rapidly at first, you have to go on adding it; the 
weed springs up again. 


24794. Does the weed get used to the sulphate of cop- 
per?—I think not, but after the sulphate of copper 
has disappeared with the current the effect stops; then 
you have to add more. 


24795. The spores of the weed are not killed ?—They 
either are not killed or more appear. 


24796. But would it not be quite an impracticable 
scheme to add sulphate of copper to the waters of Belfast 
Lough in sufficient quantity ?—Well, I am afraid of it, 
I think the cost would be prohibitive myself. Perhaps 
it might not be prohibitive if one or two doses would 
do say, for a couple of years, but if it has to be done 
several times in a year, I am afraid it would. 


24797. It would surely be very expensive. Then we 
may take it, I fancy, that up till now you have been 
making experiments on the cultivation of ulva with the 
object of passing some purified sewage through it, but 
the large scale experiment has not come off ?—That 
iS so. 

24798. But you hope to carry out a large scale experi- 
ment as soon as there is Jand to put it on ?—I hope to do 
that and in the meantime this destruction of the nitrate 
in the purified effluent is another point that I am aiming 
at, and a third was this action of sulphate of copper, 
which I fear must be abandoned owing to prohibitive 
cost. 


24799. May I just refer to one point again; I do 
not think I am quite clear upon it; you do not regard 
it as a gooa thing to feed the ulva with the best nutri- 
ment which you can get, with the object of making a 
large crop and so removing it, and so as it were making 
ammonia out of it ?—I think if we were in Germany and 
could start a chemical factory for ammonia that would 
be an excellent thing, but I am not quite certain that I 
could persuade the Belfast people to do anything. so 
practical, although they are starting factories up there 
in the north now for obtaining ammonia from peat, at 
least I see that advertised, and I think this would be 
in fact I know it would be, 2 much more prolific source 
of ammonia. © 


24800. Oh, much more prolific?—I would like to draw 
your attention, however, to the latter part of 24654 
again, because the point to my mind which is interest- 
ing and important is the extraordinary rapidity with 
which these nitrates are destroyed. 


24801-2. Would you refer us #6 the table ?—Thé last 
‘Table in 24654, p.597. You will see that, after three hours 
lingering in what I call the denitrifying beds, the whole 
of the nitrate goes. 


temperatures, but I have not put them in the table. 


24805. In 24656 you speak of the first change 
of any importance being the disappearance of the 
dissolved oxygen which occurs with relative rapidity 
and was complete in four or five days. That is a very 
different time from the change you have just been alluding 
to. It takes a considerable time for the dissolved oxygen 
to appear in an anewrobic fermentation ?—Yes, but in 
those experiments a nitrated effluent was merely left to- 
itself in a closea vessel. There was no contact bed. 
there. 


24806. Yes, I see, the nitrated effluent from the- 
sprinkler was simply left to itself in a full stoppered. 
bottle 7—Exactly, and the point which so much impresses: 
me is that when this same effluent was mixed with the 
effluent from a septic tank, and the mixture passed into 
a contact [or, as I have there called it, a denitrifying 
bed], denitrification occurred so rapidly. The first. 
experiment, as I have stated, was made before the bed. 
had got into working order. It was a new bed, there-- 
fore ; you will see that the nitrates have not gone, but in. 
all the other experiments with the exception of the last. 
the whole of the nitrates went. In the last experiment 
there was a very much larger proportion of nitrate in 
the sprinkler effluent than in any of the rest, and in 
that «ase a little remains, but only a very little in the 
final effluent. 


24807. (Colonel Harding.) Why we like to see nitrates. 
in an effluent is because we know they will assist the 
oxidation of the remaining organic matter 7—Yes. As. 
against that you have the first Table in 24656, to show 
the actual rate at which that occurs in a nitrated effluent.. 
Then the change is exceedingly slow, as Sir William. 
Ramsay has pointed out. There again I take it that Dr. 
Houston would say that it was want of pabulam in all 
probability. 


24808. (Dr. Houston.) I should think so. 


24809. (Sir William Ramsay.) You go on to speak of 
the method of estimating oxygen, but that comes subse- 
quently ?—Perhaps you will allow me to say that I 
thought those experiments on the changes which occur 
in the nitrated effluent, when merely kept, were of 
importance because, in many of the large manufacturing 
towns, the small watercourses often consist largely of 
sewage effluent and nothing else, and I was anxious to. 
settle definitely the question so far as I could as to 
whether under those conditions, where perhaps two or 
three days are necessary before an effluent makes 
its way out to sea, that it would remain perfectly sweet 
and free from nuisance, and I think from the very 
slow rate at which the nitrates go that the question is. 
settled. 


24810. That the presence of nitrates in a stream 
tends to interfere with the putrefaction of a stream, at all. 
events the rapid putrefaction of a stream ?—That is so. 


24811. Yes, that is an important point ?—Of course, I 
pointed out that laboratory experiments do not actually 
reproduce the actual conditions, as ordinary laboratory 
ronditicn3 are, so to speak, static, and ignore the effects ~ 
of flow and so on. 


24812. If flow takes place you cannot eliminate the 
presence of free oxygen ?—No. 


24813. Then you regard it as the case that the dis- 
appearance of sewage matter during the flow of a stream 
is not largely due to the nitrates contained in that stream, 
but chiefly to the action of the free oxygen ?—I faney- 
that the free oxygen is a very much more important. 
factor than the nitrate. The nitrate is a kind of last. 
resource. ; 5 


24814. You use limestone for your beds at Belfast ?— 
We have experimented with it as you will see in 24682, 
The limestone seems to give a fairly satisfactory results 
but it is rather curious that the different materials tried. 
seem to act very differently. It was rather unexpected 
to me in the experiments we have made—and they are 
pretty extended now—that broken brick fragments are. 
much the best. 


ROYAL COMMISSION ON SEWAGE DISPOSAT, 


24815. So I see. What is the most easily obtained 
substance ?—It is very difficult to get the broken brick. 


24816. The whinstone and limestone are common in 
Belfast ?—The limestone would be the easiest and the 
cheapest to get. 


24817. Would it not easily dissolve away or is the 
solvent action of the carbonic acid so slight as to be 
inappreciable ?—That is a very interesting point that I 
think it would be well worth following up; I have never 
tried it. A sewage effluent is highly charged as a rule 
with carbonic acid. 


24818. I should have thought it would dissolve away, 
but it may not do so, at a sufficient rate to make it 
worth while troubling about ?—It would be well worth 
trying; I think. 

24819. How many analyses are represented in the table 
in 24682 ?—Not so many as I should wish. I think a 


-maximum of about six series. 


24820. That is to say six of each ?—Yes, but there 
again they were not all alike, because after we had got 
bad results with the whinstone, we emptied those beds 
out and put in clinker and coke, so that you may say 
with clinker and coke there are only two or three experi- 
ments. I have drawn attention to that, I think. 


24821. Yes, I think you have. How long were the ex- 
periments continued ? I do not think you have mentioned 
that ?—Well, they really are still being continued. 


24822. But how long was one bed kept running before 
you began to make experiments upon it ?—Oh, three or 
four months. 


24823. Then you had a number of beds filled side by 
side ?—Filled side by side. 


24824. Each filled with the same sewage ?—Yes. We 
thought that was the only satisfactory way to work. I 
think in some places they have first of all experi- 
mented with one material and then afterwards with 
another, ignoring the fact that the composition of 
the sewage may in the meantime have changed. 


24825. And the temperature ?—The only fair way of 
comparing them is to work them together. 


24826. (Dr. McGowan.) At York there is a filter with 
four segments of four different materials fed by the 
same sprinkler, and we have made observations on that ; 
the segments are not all of equal size. 


24827. (Sir William Ramsay.) Is it continuous filtration ? 


24828. (Dr. McGowan.) It is continuous filtration 
of a septic tank liquor ?—I do not know if I have a right 
to ask a question ; it interests me very much what Dr. 
McGowan says; I have heard of the York experiments, 
but are my observations on the broken bricks —that 
they are superior in their action—confirmed 2? 


24829. (Dr. McGowan.) I think, as far as my memory 
goes, it so happens that the broken bricks at York are 
the coarsest of the four materials, ard the purification 
results went, you might say, directly as the fineness of 
the material. The finer the material the better the puri- 
fication ; that is to say, the longer contact the sprinkled 
liquid had before it got through. 


24830. (Sir William Ramsay.) These are experiments 
with contact beds; York experience was with sprinkler 
be ds. 


24831. (Dr. McGowan.) With sprinkler beds ?—in 
that connection perhaps I may draw your attention 
to our experiments with limestone. We have tried the 
eftect not only with diferent materials but with varying 
fragments, and the results rather surprise me. We have 
got better purification, so far as the oxygen absorbed 
test and the albumenoid ammonia are concerned, with 
the coarse and medium fragments than with the fine, but 


we have got more nitrates produced with the medium 


and fine. J was very much surprised at those results. 


24832. (Sir William Ramsay.) I think we might very 
well ask Mr. Frye a question here, because he has given 
information as regards the effect of putting different 
materials through the same mesh. Would you mind just 
explaining that to the Commission ? 


24833. (Mr. Frye.) In York for the segmented filter 
we tried to obtain materials of exactly the same size, 
and we broke the materials te the same mesh, but we did 
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not obtain the same size in the material; broken brick 
was bigger in size than coke or clinker. 
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24834. (Sir William Ramsay.) Owing to the different Pl oF. ‘eet 5 


size into which the materials broke. 


24835. (Mr. Frye.) Owing to the different size into which 
the materials broke ?—It is very interesting, because 
that would be the opposite to what Dr. McGowan said, 
and the brick may yet turn out to be the best material. 


24836. (Dr. McGowan.) The brick gives the worst effluent, 
the coarser the material the worse the effluent ?—That 
is what I say, but then, I got a better result with the brick. 


24837. (Sir William Ramsay.) Yes, that is so. Do 
you notice any difference in the appearance of the material 
which is being used for those contact beds ; does the slime 
appear to adhere to any one better than another ?— No, 
I have not made any observation on that point. 


24838. It occurred to me possibly an alkaline material 
like limestone might give a better holding grcund for the 
slimy matter which accumulates in a bed ?—I fancy 
the limestone might give a better result from the ordinary 
point of view for another reason, viz., that nitrificaticn 
m ght occur more readily in the presence of a bed of that. 
material owing to its being alkaline in character. 


24839. Those comparative experiments are very in- 
teresting. Can you throw any light upon the relative 
ease of purification of clarified sewage and septic tank 
liquor in the contact beds. In question 24688 you say 
that you have made no direct experiments with the 
continuous filter, but you speak of the relative ease 
of purification of the clarified sewage and septic tank liquor 
on contact beds ?—The readiness with which it nitrifies 
is very striking. 

24840. The readiness with which it nitrifies is very re- 
markable, is it not?—I cannot explain that at all at present 
but when we work, as you will see from the diagram, 
with contact beds only, we get an actual reduction of 
nitrates, but as soon as we introduce the septic tank we 
get a very fair production of nitrates. I do not know 
if I am right at all, but it seems to me as if there was 
some change, whether biological or chemical I do not 
know, perhaps hydrclytic. 


24841. In the septic tank ?—In the septic tank, to fit 
it for nitrification or prepare it for nitrification. 


24842. I do not think the method which you adopt 
for estimating oxygen is one which has been tried in my 
laboratory or in Dr. McGowan’s. 


24843. (Dr. McGowan.) No, we have not tried it. 


24844. (Sir William Ramsay.) We have tried it and 
we found it was extremely easily worked and we got good 
results from it ?—~Perhaps I might call your attention 
in connection with that to the appencix to my evidence 
(page 612), in which the results of some recent experi- 
ments are Cescribed where the method seemed to break 
down. It was singular that after we had dore a very 
large number of experiments and a lot of work in which 
we had always got singularly accurate results, at last we 
ran across a.class of liquids in which the method did not 
seem to work properly, aud it is peculiar and interesting. 
Apparently there is some substance formed when a ni- 
rated efflaent is kept which acts as an oxydising agent 
and behaves like free oxygen, so that you actually find 
oxygen in a liquid of the kind by the volumetric process 
when there is none there. 

24845. That is very interesting, but have you tried 
any other process on it ?— Yes, 

24846. How did you know there was no free oxygen 
there; by boiling out the dissolved gases ?—If 
you look at the table at the last page of the 
appendix you will see the results there in the fourth 
column, on the determinations by gasometric analysis. 
Then in the first, or rather the second column, you will 
sze the results of the ordinary volumetric process and 
in the other columns on the right-hand side you will see 
the results which we got by employing a preliminary 


method of treatment to obviate the in-ccuracy. 
Two ideas suggested themselves; cne was to get 
rid of this intermediate product by oxidation, 


to convert i into a more stable body; the other was 
to reduce it with the same object and, as far as we could 
find out, by oxidising it as a preliminary treatment with 
acid permanganate it did pass into a more stable body, 
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which did not act in the same way that free oxygen 
did. 

24847. Yes I see; that is very curious ?—For instance, 
if you compare the experiments in series C, where the 
correction has been made, and where it bas not been made, 
you will see that the correction is fairly good ; sufficient 
for practical purposes. 

24848. You have no idea what sort of substance acts 
like free oxygen 7—No; I think it is very interesting 
though, to follow it up if possible. I have suggested 
it is a body of a nitro or nitroso nature. 


24849. It looks like that. 


24850. (Colonel Harding.) I have very little indeed to 
ask Professor Letts. I would like to ask him as regards his 
marine sewage farm, if he has any estimation as to the ex- 
tent to which marine ulva takes up nitrogen from sewage. 
Suppose, for instance, you bad 100 cubic yards of sea water 
with a thriving growth of ulva, at what rate could you pass 
sewage through it so as to obtain purification of the volume 
passed ?7—] have made experiments upon that point, sir, 
and speaking from recollection now if you have a fair 
quantity of ammonia in sea water it is practically all re- 
moved in five hours ; over 90 per cent. is removed in five 
hours. 


24851. Removed from what volume. What I wanted 
tv get at was the effectiveness of the ulva as a purifier of 
sewage ?—From any volume provided there is cuffic ent 
ulva, but there must be a certain area of sea-weed sur- 
face for a given volume of po'lut-d sea water. Then 
the ammonia is practically all removed in five hour:. 


24852. You are unable to say, given a certain area of sea 
water and sufficient growth of ulva, what. quantity of 
sewage could be passed through that area so ag to obtain 
purification of it 7—I think that J have the necessary data, 
because in the experiments on the subject we determined 
the area of the weed, and then afterwards we weighed a 
set of square inches so that we determined the surface 
corresponding with a definite weight of the sea-weed, 
and that I think would enable me to answer the question 
if I had access to my notes on the subject. 


24853. Do you happen to know of any fresh-water weed 
which in the same way will take up ammonia from sewage 
at a sufficient rate to warrant its being used in that way as a 
purifier ?—] tried some experiments upon one water weed 
which unfortunately I did not get identified botanically. 
It was a filamentous weed grown in a pond I had and it 
seemed to act quite as well as the ulva; it absorbed the 
ammonia readily. 


24854. That would be exceedingly interesting, if we 
found any vegetable growth which took up the ammonia 
at a sufficient rate to warrant its being used for the purpose 
of purification. We do find in fact that these growths arise 
in the channels which carry away effluents but the im- 
portance of them as purifiers has not yet been gauged so 
far as I know ?—Your question reminds me of some ex- 
periments which I made some little time ago, which seemed 
to supply an ideal method for sewage treatment whereby 
sewage is converted into free oxygen. It sounds very 
remarkable but the experiment consists merely in keep- 
ing ordinary sewage in a closed bottle, when, after some 
time, you get green growths appearing; those green 
growths then act upon the carbonic. anhydride, free 
oxygen is evolved, and eventually all the carbonic anhy- 
dride is thus acted upon. 


24855. (Sir William Ramsay.) And the carbon comes 
into the growth ?—Yes, and probably the nitrogen also. 
Thus finally the sewage is resolved into vegetation and 
oxygen. If this could only be carried out practicably it 
would be an ideal method of sewage treatment <s a fully 
oxygenated and perfectly pure efflu nt results. , 


_ 24856. (Colonel Hardiny.) Do you not think that point 
is one well worth investigating ?7—Oh. 1 do indeed. 


24857. In fact that the whole question of growth in con- 
nection with sewage is one of which we know comparatively 
little ?—It is a most important one. 


24858. Every liquid of greater or less impurity passing 
through the channels seems to régister its condition on the 
walls of the channel ; in some cases grey growths, in other 
cases green growths, in other cases you are liable to get 
more highly organised plants ?—That is so. 
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24859. And the utility of these growths as a mans of 
purification does not seem to have been so far investigated ? 
—No, and I think it is a m>st important thing. 


24860. It occurred to m2 that as you were on that sub- — 
ject, proposing actually to use a marine weed for the pur- 
pose of purification, it might have led you to give atten- 
tion to this very interesting investigation ?—No; I am 
obliged to you for your suggestion, it is one which has 
occurred to me, but unfortunately I have no assistant 
practically to help me, so every moment of my time is 
taken up. If I only had an assistant or two I would turn 
one of them, or perhaps several of them, on to investiga- 
tions on that very question. 


24861. (Mr. Stafford.) I do not know whether you men- 
tioned what the system of treatment of sewage in Belfast 
is at present ?—Of course a number of experiments are 
going on; we are experimenting with septic tanks, with 
contact beds, with continuous filters, and as I have ex- 
plained on other lines also, to get rid of nitrates. 


24862. But you are treating about one-sixth of your 
sewage ?—Yes, merely by contact beds. 


24863. By tank treatment and contact ?—Well, I do 
not think you can say it is tank treatment. It is acci- 
dently and incidentally tank treatment because all the 
sewag2 as you know in Belfast is received int) an under- 
ground tank and is allowed to stay there between the 
times of high and low water; then afterwards it is run into 
the Lough, but I do not. know if you call that tank treat- 
ment. 

24864. It is retained as a matter of fact ?—It is re- 
tained as a matter of fact and the coarse solids are separ- 
ated ; about one-sixth of the sewage thus screened and 
settled is run on to contact beds. 


24865. That is your system of purification so far as it 
has gone ?—So far as it has gone. 


24866. What do you propose to do; have you yet 


decided ?—No, but I think from all the experiments we 


have made that septi> tank tr.atment wil be part of it. 


24867. You probably will follow on the same lines ?— 
I do not know. Our surveyor, I think, is very much in 
favour of these continuous or sprinklirg filters, and, 
although they produce so much nitrates, yet if I succeed 
in eliminating nitratcs he would much prefer them 
because he would reduce the area of his works. 


24868. You do not want nitrates ?—I do not want 
nitrates. 

24869. And nothing has been decicéd yet ?—Nothing 
has been decided and of course there is no immediate 
necessity because I understand these 70-80 acres of 
ground cannot be reclaimed and brought into use for 
about two and-a-half years. They are pushing on thé 
work itself, but it is a large undertaking, so that until 
that reclamation is done there is no necessity for finishing 
the experiments. 


24870. So you have got about two and-a-half years for ° 
experiment ?—So I understand. I am anxious to get my 
experiments concluded as soon as possible. 


24871. What is your experience of the efficiency of the 
removal of all that ulva now by carting ; that has been in 
operation, has it not, for the last two years ?—It has, and 
my experience is that it is a very expensive process and 
that the people have not arrived at the most economic way 
of doing it. 

24872. Surely it is not an expensive process ; it is only 
£300 a year ?—Well, they pay-the farmers Is. a ton to take 
it away and the farmers ought to be paying them Is. a 
ton for being allowed to take it away. 


24873. What is the expense ?—At present we have 
only had control of £500. 


24874. Thac is not a very expensive method of dealing - 
witha nuisance and the sewage of Belfast ?—Yes, but un- 
fortunately it has not dealt with it ; it has only dealt with 
a portion of it. 

24875. That is what I want to know ; what is it 2—My 
experience is that it has ameliorated, but it has by no 
means cured the nuisance. 


24876. And you do not think you would have cured it 
if you had pushed it to its full-extent and removed all the 
ulva as it deposited ?—I think if I remember right 
Colonel Harding asked that very question when he was 





» that Dr. Stafford and I were at cross purposes. 
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in Belfast as to what the cost of the carting would be, and 
the then City surveyor, Mr. Bretland, according to my 
recollection, was very cautious about giving him an 
answer. I think it is perfectly possible that it might 
cost less to remove the seaweed than to treat the sewage. 
Am I right in believing that is what is in your mind? 

24877. That is what is in my mind ?—TI think it is 
possible. 


24878. I presume the removal of the seaweed after a'l 
would not deal with the whole problem.—No, because I 
am under the impression then that the Harbour Com- 
missioners would step in and say, “ But this does not get 
rid of the sludge which you throw in, and which is block- 
ing up our channel.” 


24879. (Sir William Ramsay.) And from the other 
point of view it would be impossible to deal with the whole 
of the seaweed ; you would deal with the main bulk after 
it had been thrown up, but the small quantities which lie 
about could not be dealt with ?—I think it would be 
extremely hard ; I do not see any way of dealing with 
them at present; but a method might be discovered, 
perhaps. 


24880. (Mr. Stafford.) You speak about other places 
you have been to visit and you speak about Dublin Bay ; 
there is not very much nuisance arising is there in Dublin 
Bay from the deposit of “‘ ulva.’* ?—Well of course I do 
not live there and youdo; so you know more about it 
than Ido, but I have often heard the people complaining. 


24881. But was it from the “ulva” or from the 
sewage discharging within a very short distance indeed 
from the foreshore ?—My authority is Professor Hartley, 
and he says he has frequently noticed a rather serious 
nuisance. 


24882. From the Liffey or the “ulva’*‘ ?—From the 
Liffey; I never have. 1 have seen the seaweed in fair 
quantities on thenorthern side of the estuary but not in 
the Liffey. 


24883. Is it not a fact that the nuisance is greatest in 
Upper Clontarf where the sewage discharges in front of 
Clontarf ?—Oh, it is the whole way down to Dolly- 
mount. 


24884. But the place where it discharges most ap- 
parently is Upper Clontarf, and there there is very little 
deposit indeed of seaweed ?—Well, I cannot say that I 
have ever smelt any nuisance from the sewage itseHM, 
though I have been down there very often. 


24885. You think that what you did-smell there, for 
there is a smell, is from the Liffey ?—Well, personally I 
have not noticed the smell. 

24886. You have not noticed the smell ?—No; my 
authority for the nuisance is Professor Hartley. Perhaps 


. I have not teen down in the hottest weather, though I 


have been down in the summer.* 


24887. You know the outfall, the Dublin Sewage» 
at least where it is proposed to be, and the present outfall 
of Rathmines and Pembroke ?— I am very familiar with 
both of them. 


24888. Is there any nuisance arising from the Rathmines 
and Pembroke discharges ?— No, none ; it is a remarkable 
example, J should say, of a very effective method of sewage 
disposal. 


24888. And non-treatment ?—And non-treatment of 
the sewage there. And here the cases of Belfast and Dublin 
orrather of Belfast and Pembroke and Rathmines are 
different, because in Belfast the sewage runs into a Lough, 
whicn 1s ten or eleven miles long, so that Belfast, which is 
at the head of it, is that distance from the open sea. The 
main tide makes a sweep through the outer half of the 
Lough, leaving only a very slight current in the upper 
reaches, so that it is doubtful if the Belfast sewage really 
gets out of the Lough, and from float experiments I am 
convinced that it does not do so in one tide. The upper 
reaches of Belfast Lough are therefore more or less a 





* On reading over the proof of evidence, it seems to me 
Everyone 
knows that the Liffey in Dublin smells very badly at times, 
but the smell is due to sewage and not to decaying seaweed. 
The smell, if there is any at Upper Clontarf, is probably 
due: to the same cause, but from the Railway Bridge to 
Dollymount there is plenty of w/va and it must at times give 
rise to a nuisance. 
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cesspool, whereas in Pembroke and Rathmines the sewage 
runs into a relative swift current; and the outfall is 
really out at sea, a mile out at sea. 


24890. But still within the harbour ?—The hartour 
is purely artificial. 


24891. Itis, yes; it is a containing wall ?—I think the 
effect of the containing wall is really to increase the current; 
the natural current from the Liffey, so you get the sewage 
swept right out to sea, and any which remains is com- 
pletely oxidised. Dr. Adeney has shown that, by 
analysing the water at all states of the tide and all over 
Dublin Harbour. [ lately have been analysing the 
sand or mud of its bed, and I find that even close to the 
outfall of the Pembroke and Rathmines Sewer the amount 
of sewage sludge calculated on the nitrogen present is 
not more than from one to two parts per cent. at the 
mouth of the sewer. 


24862. Would you advocate then that the whole of ths 
Dublin sewage should be discharged unpurified at the 
same place ?— Well, perhaps not at the same place, 
but I think it would be perfectly safe if it were discharged 
at the mouth of the harbour. 


24893. If it goes out at the same place in the same way 
as this why .not discharge it there ?—Recause you 
might overburden the water. 


21894. If it is always swept out rapidly to sea you will 
not have much nuisance ?—Yes, quite so, but on the other 
hand, the population of Rathmines is 60,000, while the 
population of Dublin is 300,000, so you would increase the 
amount of sewage by five times; I would not like to 
say off hand that you could do that with impunity. 


24895. But you would advocate then the discharge of 
crude sewage into a tidal river such as you have got at 
that particular part of Dublin Bay ?—I would not call it a 
tidal river, it is well out into the estuary, if you mean 
the mouth of the harbour. 


24896. I mean where you discharge it at present, the 
Rathmines and Pembrcke discharges ?---Well, I can only 
give you the actual results of our investigations; the 
discharge is efficient if you examine it from every point of 
view. From the ordinary point of view there is no 
nuisance, no sludge banks, nothing visible. From 
the harbour engineer’s point of view, my examination 
of the bottom shows that there is no appreciable quentity 
cf sewage sludge, so that it seems to me it is absolutely 
satisfactory, and therefore Ishould say that if you 
could take Dublin sewege out to the mouth of the harbour, 
and discharge it there you would get rid of it perfectly 
satisfactorily. 


24897. Without any form of treatment ?—Yes, in 
my opinion. 

24898. Therefore, the expensive treatment which 
Dublin is going in for at the present momentis, according 
to your view, unnecessery ?—I believe so. Moreover, 
I fear that you will kill all the fish when you treat the 
Dublin sewage with lime ; it is an archaic process. Now 
there are salmon running up the estuary, they are 
being caught there ; there are nets at the present moment 
as you know; and [ think it will be very risky to 
adopt a lime precipitation process, because the Dublin 
Authorities are going to discharge the effiuent at al} 
states of the tide; not as Pembroke and Rathmines do, 
only on the ebb, but at allstates of the tide. Iam decidedly 
of opinion that sometimes the discharge of crude sewage 
can be made with perfect safety into the sea; at other 
times I think it can be made only with great danger. It all 
depends upon the conditions. If you get a fairly rapid 
tide and deep water you can discharge, in most cases 
at all events, crude sewage into the sea without any 
danger at all. 


24899. Yes, if you have got both those conditions ?— 


~That is my view. 


24900. And you discharge upon the ebb tide ?—Yes. 


_One of the best places of that kind that I have seen is 


Portsmouth. The whole sewage of Portsmouth is dis- 
charged at the mouth of Langston harbour; there, a 
rapid tide shoots it right across pzst the Isle of 
Wight ; and as a consequence no trace of it is left; the 
sands are white. and as the Solent is. as one might say, 
the aquatic playground of England, any obvious pollution 
would certainly be noticed, but I have never heard of 
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any complaints, and it appears to me that Portsmouth is 
a good example of a case where crude sewage may be 
discharged directly into the sea with perfect safety. 


24901. You have not got much depth of water at 
that particular portion of Dublin Bay ?—No, but you 
have got a tremendous scour. The evidence of the 
harbour engineer is that you have scoured out the bar 
six or seven feet. 


24902. Just another question about Belfast Lough. 
Do you suppose that the amount of sewage discharged 
from Holywood and small districts on either side of the 
Lough would themselves give rise to a sewage nuisance 
and the growth of ulva if Belfast sewage were treated pro- 
perly ?— Yes, I am strongly of that opinion. 


24903. You think that they would give rise to con- 
siderable nuisance ?—I will not say direct nuisance ; 
I do not say the sewage itself would be a direct nuisance 
but I do think the ulva would be. 


24904. You think there would be sufficient sewage 
discharge there in fact to keep the ulva nuisance going ?— 
Yes, I think so. 


24905. But not to such an extent as at present ?— 
Certainly not. My view is that it would be only fair, if 
Belfast has got its scheme of purification in operation, 
these outlying districts should also be compelled to 
adopt some system of purification also. 


24906. In fact, you think that there would be a nuisance 
left there if they do not ?—I think so decidedly. 


24907. (Major General Carey.) Do you make a dis- 
tinction between sewage discharged into the open sea 
and sewage discharged into an estuary or tidal river 
where it may possibly be returned on the flood tide ?— 
Decidedly. 


OF 


EVIDENCE : 


24908. You think that they are two distinct cases ?— 
Yes. 

24909. One of which at least may require that the 
sewage should be treated before discharge. Take the . 
case of the sewage discharged into the estuary, that it 
should be treated before-hand ?—Quite so. 


24910. And I believe you are preparing a report 
are you not ?— Dr. Adeney and I are preparing a report 
upon the subject of estuary pollution generally, or rather, 
I should say, tidal water pollution. 


24911. Qn the pollution of tidal waters ?—Tidal waters 
generally, yes. 


24912. When may we have the pleasure of receiving 
that report ?—I hope you may have it, sir, without fail 
in the autumn. The work is growing enormously as 
the time goes on. I mean to say that we are collecting a 
mass of detail, so I do not think it will be a very 
smal] report when it is finished. There is just one other 
point to which I should like to direct attention. I,do not 
know, Sir William, whether you have noticed my answer 
to a question which the Commission has asked about the 
strength of sewage. I might direct attention to that 
question (24673). Ihave drawn attention there to 
the fact that I think strength of sewage is rather an 
indefinite sort of thing, and that a sewage may be strong in 
several different ways. Three of these I have instanced. 
in particular, namely (1) suspended solids ; (2) putrescible 
organic matter; (3) free or saline ammonia. I have 
pointed out that strength in one of these does not neces- 
sarily involve strength in several. I have also drawn 
attention to the fact that the Rivers Pollution Commission 
appears, as far as I can see, to have given a very high 
figure for the free ammonia, between two and three times 
what is found in most large towns. I thought I would 
just mention that. 





APPENDIX TO Mr. LETTS’ EVIDENCE. 


On a simple and accurate volumetric method for estimating the dissolved oxygen in fresh water, sca 
water, sewage effluents, etc. ; 





° By E. A. Letts and R. F. Blake. 


The amount of dissolved oxygen which a water con- 
tains either originally, or if aerated to start with, 
which it loses on keeping (but especially the latter), is 
probably a more important criterion of what may be 
termed “active” pollution than any other, and the 
same remark applies also to sewage effluents. 

Some years ago we described* a simple, and from the 
tests then made an apparently reliable and accurate 
volumetric method, suitable for the determination of 
dissolved oxygen in all classes of natural waters, and 
in sewage effluents also, and the good opinion which 
we then formed of it has since been materially 
strengthened by further experience. 

A large amount of “ field’ work has been done, and 
in order to still further test the accuracy of the method 
a somewhat extensive series of comparative determina- 
tion has been made in the laboratory, in which the 
same water sample has been examined volumetrically 
by one of us and gasometrically by the other. As the 
significance of the dissolved oxygen in a water or 
sewage effluent, and the rate and extent of its dis- 
appearance when such liquids are kept, is much more 
generally recognised now than when we first devised 
the method we venture to bring it under the notice of 
the Commission, together with the proofs we have 
obtained from time to time of its accuracy. : 

Before doing so, however, it may be useful to briefly 
notice the other volumetric processes which have been 
employed from time to time for the same purpose. 
Schutzenberger’s method+ has received a considerable 





x Proceedings Roy. Dublin Soe., Vol. IX. (N.S), Part IV,, 
No. 33. : Q 

+ Compt. Rend 75, p. 875, and Schutzenberger's book on 
bey wee in the International Scientific Series [1883], 
p. 108. 


amount of attention, from different observers,{t and 
especially from Roscoe and Lunt,§ who introduced an 
important modification into the process, and compared 
the results obtayned by the \method thus modified. 
with those yielded by boiling out the dissolved gases 
im vacuo, and determining the oxygen by gasometric 
analysis. In all the determinations more oxygen 
appears to have been found by them by the volumetric 
than by the gasometric method. In London tap- 
waters the greatest difference between the two sets of 
determinations amounted to 0-44 c.c. per litre, and the 
least to 0-10, and they say:—‘‘The oxygen values 
obtained by the two methods show close agreement, 
considering the possible experimental error in so com- 
plex a comparison. The mean difference being only 
0-28 c.c. of oxygen per litre of water, showing that the 
method gives good results with ordinary drinking 
waters.” 

With Thames water at Richmond the greatest differ- 
ence was 0-98 c.c. per litre, the least 0°07, and the 
mean 0-56, while with Thames water opposite the 
southern sewage out-fall, worse results were obtained, 
the mean sifference being 0-63 c.c. 

Thresh’s method, in the hands of its inventor, 
appears to have given exceedingly accurate results. 
The test experiments were chiefly made with distilled 
water saturated with air at 10deg., 15deg., 20deg., and 





t Kénig und Mentschler, Berichte 10 [1877], p. 2071 ; 
Kinig, Berichte 13 [1880], p. 154; Tiemann und Preusse, 
Berichte 12 [1879], p. 1768; Bernthsen, Beric} te 13 (1880), 
p- 2277; Dupre, Analyst 10 [1885], p. 156; Ramsay and 
Williams, Chem. Soc. Journ. Trans. 49 [1886], p. 751. 

§ Chem. Soc. Journ. Trans. 55 [1889], p. 552. 

|| Chem. Soe. Journ. Trans. 57 [1890], p. 185. 
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2odeg.C., respectively, and the results compared with 
the gasometric determinations made by Roscoe and Lunt 
at the same temperatures. The greatest mean differ- 
ence between the two sets of figures amounted to 0°09 
e.c. of oxygen per litre of water, and the least to 0°02 
Thresh makes the following remark :—“ The results, 
however ,can be made to vary, the extreme limit 
being 0°5 mgs. (0-61 c.c.) of oxygen per litre of water, 
using 250 c.c. for the estimation.” 

One of the authors of this paper has employed this 
method on several occasions, but although every care 
was taken, and all the precautions mentioned in 
Thresh’s memoir carefully observed, the results were 
not very satisfactory, and in the case of sea-water 
polluted with sewage they were definitely unsatisfac- 
tory. With distilled water, a variation of 04 c.c. of 
oxygen per litre from the true amount was found 
several times; while in the case of a polluted sea- 
water, some of the samples, when kept in stoppered 
bottles filled to the brim and immersed in water, 
actually showed a gain in dissolved oxygen when kept 
for twelve days, amounting in one of the samples to 
more than 0°6 c.c. per litre, although there cannot be 
the slightest doubt that a decrease had really occurred. 

In the two volumetric processes mentioned above, 
the titration is performed in a vessel through which a 
current of hydrogen or other inert gas is made to pass, 
which not only complicates the operation, but renders 
a special apparatus necessary, and unfits the processes 
for “ field ” work. 

Winkler’s volumetric process* avoids the use of an 
inactive gas during titration. It is based upon the 
conversion of manganous hydrate into the peroxide 
‘by the dissolved ‘oxygen of the water. Potassium 
jodide and hydrochloric acid are then added, and the 
liberated iodine (equivalent to the dissolved oxygen 
originally present), determined by titration with stan- 
dard hyposulphite. Winkler draws attention to the 
disturbing effects of nitrites and easily oxidisable 
organic matter on the accuracy of the process, and in 
‘cases where these substances are present in the water 
sander examination, provides against their disturbing 
effects by modifying the process in such a way that they 
are oxidised by manganic chloride, and a correction in- 
¢roduced. For this purpose a solution of manganese 
chloride is first added to the water, then caustic soda, 
and finally hydrochloric acid (twice the amount other- 
wise used), and after an interval of two or three 
minutes potassium iodide. During the interval it is 
assumed that the manganic chloride (produced by the 
solution of the peroxide in the hydrochloric acid) 
oxidizes the nitrite to nitrate, and also the easily 
oxidised organic matter, and as a consequence less 
iodine is liberated from the potassium iodide than 
corresponds with the dissolved oxygen, and less hypo- 
sulphite is required for the titration. 

To arrive at the correction for this, distilled water 
is treated with caustic soda and manganous chloride, 
the precipitate dissolved in hydrochloric acid, and a 
‘solution of manganic chloride thus obtained. 

Two experiments are then made, one with 100 c.c. 
of this solution mixed with 100 c.c. of distilled water, 
and a second with the same quantities of the solution 
and the water under examination. After two or three 
minutes potassium iodide is added to both, and the 
liberated iodine determined in each by standard hypo- 
sulphite. The difference in the volume of this latter 
required for the two solutions gives the value of the 
correction for 100 c.c. of the water, that is to say that 
figure to be added to the hyposulphite required for each 
100 c.c. in the original determination. 

Winkler’s test experiments were made with distilled 
water, previously boiled, and then saturated with air 
(freed from ammonia and carbonic anhydride) in a 
water bath at constant temperature. The following 
results were obtained :— 
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| Volume of dissolved oxygen 
site i | per litre of distilled water 
/ calculated for 760 mm, 
16°83 74671 | 6844 (mean of 6 experiments) 
16°90 739 | 6°836 ” ” ” 
23°64 “742°9 5990 » % 











* Berichte d.d. Chem. Ges. 21-[1889], 2486. 
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These compare with the gasometric results obtainea 
on the one hand by Dittmar*, and on the other by 
Roscoe and Lunt,t as follows :— 








Winkler. Dittmar. Roscoe and Lunt, 
iC pied i 8: A Wd 8 
BSAC ie SV 7 6.92 \17 6.68 
16°90 6°836 as — 
BIN wh hos 6-07 (24 5°84 








As regards the dissolved oxygen in impure waters, 
while Winkler gives certain results obtained with 
these by his volumetric method, he does not give any 
examples in which these results are contrasted with 
those obtained by gasometric analysis. 

Ridealt has modified Winkler’s method by submitting 
the water sample to a preliminary process of oxidation 
by acid permanganate, the excess of permanganate being 
then removed by potassium oxalate, and the rest of the 
process conducted as in Winkler’s original method, with 
certain modifications as regards the strength of the 
solutions employed. 

Ramsey and Homfrey’s§ volumetric process depends 
upon the conversion of colourless ammoniacal cuprous 
chloride solution into blue ammoniacal cupric chloride 
by the dissolved oxygen in a given volume of the water, 
and a comparison of the depth of blue shade resulting, 
with that of a series of standard tubes representing 
from 1—8 c.c. of dissolved oxygen per litre. 

The method is simple and rapid, and appears to give 
excellent results when approximate figures alone are 
required. The colour of the standard tubes gradually 
fades, hence these should be renewed at intervals. 


The Authors’ Process. 


The principle of absorbing the dissolved oxygen in a 

water by ferrous sulphate and an alkali with subsequent 
determination of the unoxidised ferrous salt in the 
acidulated mixture by standard permanganate is an old 
one, and was first employed, we believe, by Mohr. 
_ The method as carried out according to his directions 
is, however, open to several sources of error, of which, 
as we have proved, the use of permanganate as oxidising 
agent may, in certain cases, be one of the most serious. 
It also has the disadvantage of requiring the use of an 
inactive gas during part of the process. 

While making use of the principle of this method to 
the extent that the dissolved oxygen in a water is 
absorbed by a ferrous salt plus an alkali (i.e., by ferrous 
hydrate), and the excess of ferrous salt determined 
subsequently in the acidulated mixture by titration 
with an oxidising agent, we have sought to eliminate 
the various sources of error incidental to Mohr’s process, 
and to avoid the use of an inactive gas during any part 
of the operations. 

The whole process is simple, and one which a person 
of ordinary intelligence, but without any special chemi- 
cal training, can be easily taught to perform. Stated 
briefly, it consists in adding a definite quantity of 
ferrous sulphate solution to a measured volume of the 
water under examination, and then excess of ammonia 
in a vessel which becomes entirely filled with the mix- 
ture and is then closed previous to mixing the three 
during the period necessary for the absorption of the 
dissolved oxygen. Sulphuric acid is then added in 
excess in such a way that no air can gain admission 
during the operation, after which the mixture is trans- 
ferred to an open vessel, and there titrated either with 
standard permanganate or bichromate, according to the 
class of water under examination. x 

In order to eliminate the possible error due to easily 
oxidisable substances which may be present in the 
water, a blank experiment is made in an open vessel, in 
which the same volumes of the water, the ferrous 
sulphate solution and sulphuric acid are placed, and the 
titration performed with the same standard solution of 





* Challenger Reports. 

+ Chem. Soc. Journ. [1889] (Trans.), p. 568. 
+ Analyst, Vol. 26 [1901], p. 141. 

§ Journ. Soe. Chem. Industry, Nov. 1901. 

| Lehrbuch d. Titrirm:thoden 4 Aufl., p. 239. 
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Mr. hk. A. oxidising agent. The details of the method are as 
Letts, D.Sc., tollow :— 
PIC PHD. ga sxparp Sonvrions:—(1) Ferrous Sulphates.—124 


grams of the pure crystallised salt are weighed out on 


a ‘deli a rough balance, transferred to a 250 c.c. flask, dissolved 


in distilled water, 2-3 c.c. of pure sulphuric acid added, 
and the mixture diluted with distilled water until it 
occupies 250 c.c. Theoretically 12444 grammes of the 
ferrous salt are required for a solution, each cubic centi- 
metre of which is equivalent to 1 cubic centimetre of 
oxygen at N.T.P., but nothing is gained by preparing 
a solution of exactly this strength.* 


(2) Standard Permanganate-—The most convenient 
solution is of such strength that 1 cubic centimetre is 
equivalent to 1 cubic centimetre of oxygen at N.T.P. ; 
and such a solution is obtained by dissolving 5°638 
grammes of the pure crystallised potassium salt in 1 
litre of distilled water.{ 


For the estimation of the dissolved oxygen in distilled 
water itself, or in ordinary (fresh) water, a solution of 
1-10th this strength may be used; but for all practical 
purposes the stronger solution will be found to give 
sufficiently accurate results, especially if a narrow 
burette of 10 c.c. capacity is employed. The stronger 
solution keeps well (in the dark), but the weaker one 
should be prepared freshly from the former for each 
series of experiments. 


(3) Standard Bichromate, of a strength corresponding 
with that of the permanganate, may be employed in- 
stead of the latter; and in the case of sewage effluents 
and in that of sea water is undoubtedly to be preferred, 
as will be shown by the results to be mentioned 
presently. Of course, in using bichromate, potassium 
ferricyanide must be employed as indicator; and as the 
ferrous sulphate solution is highly diluted by the water 
under examination, the strong bichromate can alone be 
employed with advantage. This is prepared by dissolv- 
ing 8°7906 grammes of the pure crystallised potassium 
salt in 1 litre of distilled water, each cubic centimetre 
of such a solution corresponding with 1 cubic centimetre 
of oxygen at N.T.P. 


(4) Sulphuric Acid.—A mixture of equal volumes of 
the strong acid and water is employed. But we have 
also used a mixture of 3 volumes of the strong acid and 
1 volume of water. 


Absorbing Vessel.t—The vessel in which the water 
under examinaticn is mixed with the ferrous sulphate 
and ammonia, and in which, too, the mixture is after- 
wards acidulated with sulphuric acid, was in our ex- 
periment an ordinary separating vessel of the shape and 
capacity shown in the diagram (Fig. 1). The exact 
dimensions, however, are of no consequence, provided 
that the vessel holds about £ litre of water and that the 
tube forming its lower extremity is wide enough te 
contain the quantity of sulphuric acid required te 
acidulate the ammoniacal mixture before titration. 





* The solution keeps fairly well, but unless a series cf 
determinations is made with it at short intervals, it is 
advisable to re-standardise it on each occasion when it is 
used. The following figures will give an idea of the rate at 
which it becomes oxidized when kept in a stoppered bottle : 

When made 5 c.c. required 5-06 standard bichromate. 

After 5 days ,, = 5°01 Fe Fe 

” 1] ” ” ” 4°92 ” ” 

+ A decinormal soluticn of the permanganate (3°164 
gramines per litre) is also of a suitable strength for tle 
titrations, 1 ¢.c. of this solution corresponding with 0°56 c.c. 
of oxygen at N.T.P. 


t As an ordinary separating funnel is somewhat unwie'dy 
for the purpose of these determinations, owing to the 
length of the. tube, Messrs. Baird and Tatlock, of London, 
have constructed for us a special form of apparatus shown 
in the diagram (Fig. 3), which is very handy and con- 
venient, and contains exactly 4 litre. The same firm also 
supplies the whole of the necessary apparatus and reagents 
for the determinations, packed in a box of portable form. 














Fig. 1. Fig. 3. 


The Process.—The separating vessel is filled to the 
brim with the water under examination, and for this pur. 
pose we have always employed a glass siphon tube, one 
limb of which is dipped almost to the bottom of a Win- 
chester quart bottle (filled originally to the brim and 
then stoppered) containing the sample of water, while 
the other and longer limb is connected with a piece of 
india-rubber tube clamped with a pinch-cock, 

A little of the water is first drawn off and the- 
separating vessel rinsed with it. The end of the rubber 
tube is then passed to the bottom of the separating 
vessel, the pinch-cock opened, and the water allowed ta 
flow in until the vessel is not only full, but a fair 
quantity has overflowed. In this way the possibility ot 
error owing to absorption of atmospheric oxygen by the 
upper layer of the water as it flows into the wide part. 
of the vessel is avoided. : 

The stopper is now inserted, and the excess of water’ 
drained off. The stopper is next removed, and about 
7 c.c. of the water taken out by a pipette and throwm 
away. 5 c.c. of the ferrous sulphate solution are them 
carefully measured off in an accurately graduated 
pipette and allowed to flow into the separating vessel, 
the nozzle of the pipette being just dipped below the 
surface of the water, when the ferrous sulphate, owing: 
to its higher density, flows in a stream to the bottom of 
the water. Strong ammonia solution is then cautiously 
poured on to the top layer of the water until the vessel’ 


Fig. 2. 


_is Just full, when the stopper is inserted ; but even if a. 


drop or two of the ammonia is lost when inserting the 
stopper no harm is done, as the ammonia floats on the 
surface and does not appreciably mix with the contents. 
of the vessel. A little dexterity is necessary in insert- 
ing the stopper so that no air bubble is enclosed. With- 
in the separating vessel there is now a layer of ferrous: 
sulphate below, next the water, and above all the 
ammonia. These are mixed together by inverting the 
vessel once or twice by a swinging motion, when a 
greenish turbid mixture results, containing ferrous. 
hydrate partly in solution and partly in suspension, 
which rapidly darkens as it absorbs the dissolved 
oxygen. In all our first experiments an interval of 15: 
minutes was allowed for the purpose. Experience has. 
shown it to be sufficient, but it is possible that a shorter 
period would suftice.* The next operation consists im 
inverting the vessel, still stoppered, and then filling or 
nearly filling its tube or lower extremity (now, however, 
its upper extremity) with the mixture of sulphuric acid’ 
and water (Fig. 2). The stop-cock is then opened, when 
the acid flows downwards into the alkaline mixture, and’ 
in the course of a. few minutes dissolves the iron 
hydrates to a clear solution.t 





* More recent experiments have shown that a period of 
five minutes is sufficient, as the following results show :— 

Dissolved oxygen in Belfast water supply (T. = 7°3y 
oxygen found after the ferrous hydrate had acted for :— 

5 minutes. 10 minutes. | 15 minutes. 
8°34 8°37 8°37 ¢c.c. per litre. 

' Insome of the test experiments with distilled water 
saturated with air this did not ceenr until the mixture was 
heated. But with all samples of natural waters, sewar e 
effluents, &c., no heating was necessary. 5; 
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Should an air bubble remain in the boring of the 
stop-cock, it prevents this flow, but a few taps cause it 
to be displaced and to rise through the acid. 

The presence of this air bubble can be avoided by 
opening the stop-cock for a moment when the absorbing 

- vessel is being filled with the water sample. The acidu- 
lated solution is finally run off into a porcelain dish, and 
titrated either with the permangazate or bichromate 
solution.* 

It remains to determine the value of the ferrous 
sulphate solution; and in our experiments this was 
always done under similar conditions to those obtaining 
in the dissolved oxygen determination itself, that is 
to say, the measuring vessel was filled with the water 
under examination, 7 c.c. removed, and the remainder 
poured into a porcelain dish, where it was mixed with 
the same volume of sulphuric acidt and the same volume 


* A somewhat lengthy experience of the process when 


bichromate is used has satisfied us that when ve y accurate 
results are desired, attention should be paid to the follow- 
ing details :—(1) A clear crystal of potassium ferricyanide, 
or fragment of such crystal, about the size of a shot (say 
4-inch in diameter), is placed on a small beaker, and washed 
two or three times with) distilled water. It is then dis- 
solved in about 10c.c. of the same liquid. Some of this 
(straw-coloured) solution is drawn into a pipette with a fine 
capillary end, and a series of minute drops are placed by its 
means 0. slab of milk glass. (A white tile is not so satis- 
factory, as it is liable to become stained after some time.) 
(2) In titrating, as large a drop as can be carried on a glass 
rod from the dish is jerked into one of the minute drops of 
the ferricyanide without touching the latter with the rod 
itself. The “end creation” is shown by there b ing no 
visible difference in colour after an interval of two minutes 
‘between the drops thus made and a similar one fornred of 
distilled water and the ferricyanide. The end reaction is 
very sharp, and with a little experience is determined by 
less than 0:03 of the bichroma‘e solution (about 1 drop from 
a 10c.c. burette). (3) Strong sunlight disturbs the end 
reaction in the case of polluted waters Sagi das by the 
well-known reducing effect of light on a ferric salt in pre- 
sence of organic matter). Th’s can be ersily demonstrated 
by placing on the white glass slab twe similar drops of the 
ferricyanid= and the titrated mixture when the end reaction 
has just oceurred—shading one (say with a pill-box lid) and 
exposing the slab to sunlight for a few minutes, when the 
unshaded drop becomes blue, while the shaded drop re- 
mains faintly yellow. This action is especially noticeable 
with polluted sea water. The titration can be performed 
by artificial light—preferably incandescent electric light, 
the end reaction being very sharp. (4) As only 5 c.c. of the 
standard bichromate are required at maximum for each 
titration or standardization, a burette of this capacity and 
divided into twentieths of a cubic centimetre might be 
advantageous for very ac urate work. 
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of ferrous sulphate solution as were employed in the 
dissolved oxygen determination, and then titrated. In 
this way the error arising from oxidisable substances in 
the water is eliminated even when their amount is 
considerable, 

In practice it was found convenient to standardise the. 
iron solution during the interval required for the ab- 
sorption of the dissolved oxygen, and consequently, as 
a preliminary to the latter process, to first of all fill the 
separating vessel with the water under examination and 
to transfer the latter (after removing 7 c¢.c.) to a 


Mr. E. A. 
Letts, D.Sc., 
PCED. 


17 May 1906. 





porcelain dish ready for the addition of the sulphuric ~ 


acid and ferrous sulphate. 

Calculating the Results.—With the stronger solution 
of either the permanganate or bichromate, it is obvious 
that the amount of dissolved oxygen contained in the 
volume of water operated on is expressed in cubic centi- 
metres at N.T.P. by the difference between the burette 
readings for the blank experiment and those of the 
actual determination—with a correction for the dis- 
solved oxygen contained in the 5 c.c. of the ferrous 
sulphate solution and the 2 ¢.c. of ammonia. Such a 
correction is, however, small, and in all the authors’ 
experiments the assumption was made that the 7 c.c. 
of mixed reagents contained the same proportion of 
dissolved oxygen as the water under examination. 


The following table shows the results first obtained 
by the process, from which it will be seen that in the 
case of sewage effluents and sea water the use of bi- 
chromate as titrating agent gives much more accurate 
results than those obtained by permanganate :— 





+ This should always be added before the ferrous sul- 
phate, otherwise ferrous carbonate may be precipitated and 
absorb dissolved oxygen. 

Thus, in one of the determinations, the difference be- 
tween the burette readings for the blank and dissolved 
oxygen determinations was 2°35 ¢.c. Assuming that the 
7 ¢.c. of reagent added contained the same amount of dis- 
solve | oxygen as the water under examination, then the 
latter contained per litre— 

2350 

“330-5 — 1067 ¢.c. dissolved oxygen, per litre, at N.T.P. 


Whereas assuming that the 7 c.c. of reagents contained no 
oxygen, the figures become— 


305-5 = 219 c.c. dissolved oxygen, per litre, at N.T.P. 


The differe-ce is 0:152 ¢.c. per litre, wlich, for most prac- 
tical purposes, is unimportant, and the actual error would 
certainly be much Jess. The error, so far as the ferrous 
sulphate solution is concerned, could be eliminated by 
saturating it with air at the given temperature previous to 
a determination, while that from the small volrm: cf 
ammonia added is too insignificant to need correction. 


DISSOLVED OXYGEN DETERMINATIONS (1). 


COMPARISON OF RESULTS obtained by the Authors’ Volumetric Method with those obtained by Gasometric Analysis or 
with the Air Saturation Figures. (Resulss in e.c. per litre, N.T.P.) 




















| | Di 
| Volu- | Volu- | Differ- 
_ metric | metric | + atte 1 
Nature of Sample Analysed. | Result | Result | eaten He Vola 
(Perman- (Bichro- | | on pees 
_g nate), | mate). | Result 
| { Ne a=. “ 
( _ 7°20 | Dittmar’s air saturation figure 15° C. f —O-14 
Distilled water aérit sd at 15°C. - - 7°06 — + , 
| | 6°96 | Roscoeand Lunt’s _,, 5 - | +010 
( | 7:42 | Dittmar’s al ntl aD ( = 016 
13:7 7 7°26 = is 
7% < = \ 7°20 | Roseseand Lunt’s_,, ee = i +0:06 
| F 
() 720 | D'ttmar’s rf » 150 | ( —0-07 
x + +1 per cent. foul sewage, ye a ; 
aérated at 15. | 6:96 | Roscoe and Lunt’s ,, a ms -+0:17 
Belfast water supply - - - - - 5°80 — 575 | Gasometric result - = - +0:05 
Sewage eftluent from storage pond - - #\) 2a — 315 F 43 y i _O-44 
Sea water from Belfast Lough Sra -| 5:09 = 4°50 2 i eS +.0°59 
y 3 : f -0-01 
F y : aérated at 19°5 eis 5°41 5°36 | Dittmar’s air sa‘ uration figure 19°5 - 
| +005 
; a 5 : ( 4+-0:43 
” ” ” ” 20°8 3°93 jl] 5°10 | Gasometric re ult 
: | +001 
f +0°31 
Sewage efiluent ree 0°66 ("42 0°35 » » 
| |. +0:07 
f + 0°13 
Untreated sewage - : - - : : 0°53 0-00 0-60 | ., - , P : =P 
[ 0:00 























Mr: #. A. 
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Effects of Nitrates and Nitrites.—In order to ascer- 
tain whether the presence of nitrates or nitrites would 
interfere with the accuracy of the process, parallel 
determinations were made of the dissolved oxygen in 
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aerated tap water alone, and in the same water to which 
a definite proportion of nitrate or nitrite had been. 
added. The following table shows the results ob- 
tained :— 


Dissolved Oxygen found in Aérated 
Tap Water alone 
(c.c. per Litre at N.T.P.). 





~J 
oe 
<J 


~I 
ch 
Or 





Dissolvei Oxygen found in Aérated 
Tap Water alone 
(c.c. per Litre at N.T.P.). 





EFFECT OF NITRATES. 


Dissolved Oxygen found in the same 
Water to which Potassium Nitrate 
was added 
(c.c. per Litre at N.T.P.). 


7°34 
7°49 


EFFECT OF NITRITES. 





Dissolved Oxygen found in the same 
Water to which Sodium Nitrite was 
added 
(e.c. per Litre at N.T.P.). 





7°46 
7°47 


pen 











Nitric Nitrogen 
(parts per 100,000) 
equivalent to the added Nitrate 


1:0 
14°3 





Nitrous Nitiogen 
_ (parts per 100,000) 
equivalent to the added Nitrite. 





9-96 1°43 
7°82 0-143 
7-68 0-012 





From these results it seems evident that the pre- 
sence of nitrates in a water, even in considerable quan- 
tities, scarcely, if at all, affects the dissolved oxygen 
determination by the new process. 

On the other hand, the presence of nitrites evidently 
exercises a very distinct disturbing effect, of such a 
nature that too much oxygen is found. It is a well- 
known property of nitrites that they sometimes behave 
as oxidising and at others as reducing agents and the 
explanation of their interference with the accuracy of 
the process is probably to be found in their exercising 
an oxidising action on the precipitated ferrous hydrate, 
thus behaving like the dissolved oxygen itself. 

From the results recorded above it appears that the 
process ceases to give accurate results when the quan- 
tity of nitrite corresponds with 0-143 parts per 100,000 
(0-1 grain per gallon) of nitrous nitrogen, but when 
the quantity is only one-tenth as much no perceptible 
error is introduced. 


DISSOLVED OXYGEN 


DETERMINATIONS 





In all probability the process would give sufficiently 
accurate results for all practical purposes in waters: 
containing nitrous nitrogen up to 0:05 grain per gallon. 
We desire to express our thanks to Dr. John Haw- 
thorne, M.A., for the valuable assistance he rendered 
us in carrying out the above experiments on the effects. 
of nitrates and nitrites. 

Further Proofs of the Accuracy of the Method,— 
Although the evidence which we have given above 
might be considered as amply sufficient to establish 
the accuracy of the new process, and its suitability for — 
the determination of dissolved oxygen in all classes 
of natural waters as well as in sewage effluents, we 
were induced to make a more extended series of com- 
parative tests in order to establish as far as possible: 
beyond all question the value of the method. 

The figures given in the following table include every: 
result, in chronological order, obtained during this- 
investigation :— 


(2). 


COMPARISON OF RESULTS obtained by the Volumetric (Bichromate) Method with those obtained by Gasometric 
Analysis or with the Air Saturation Figure. 









































| Difference: 
Volu- referred 
Date. Nature of Sample Analysed. ' metric —--— to Volu-. 
Result. | metric 

| Result. 
— | Distilled water saturated with air at 12°3° C. ros 7°66 Dittmar’s figure for 12°C. | + 0°05 
<< >» ” ” ” ” 7°65, 7 66 - te os - 0-01 

— Sea ; = % 13°1 6:18 6-06 93 5 13°C + 0°12. 

—s ; ” ” ” 618 6:06 B a ap + 0 12: 

Oct. 25, 1904- | ,, » mouth of Lagan R., high tide 3°81 3°64 Gasometric analysis - + O17 

be aR 7 » outside Lighthouse, Belfast | 5-85 5-83 xe 3 -| 4 002 

Lough. 

tases Kis: is »  Greypoint, Belfast Lough 5:94 5:96 Lacs 5 - — 0°02 
Novy.023, 55 7. » plus 1 % sewage, aérated 6°48 6°47 , 5 . + 0°01 
DeGee2.; ak | Same liquid kept in stoppered bottle - 5°58 5°42 3 3 -| +076 
» 20, 5, » 93 ” ‘i 55 4 42 4°22 5 “h -| + 0:20 
Jan. 16, 1905 - “ 6 5 - rr. - 3°69 3°57 _ 5 -| + O12 
Dec. 5, 1904 - | Water from Lagan River at Albert Bridge 6°99 | 7-04 P bry - — 004 
oh tes} os 4 » ” “s sm <5; ats mouth = 6-03 6-03 a -| +000 
» 6, 4, - | Sea water near Lighthouse, Belfast Lough - | 6°42 6°44 5 a - - 0:02 
eu, Tals; | *. a »  Cultra - _ | 6°39 6:37 Ps 3 + O04 
ast bs. | » 9 33 Holywood r 2 6 39 6°39 * Y -| £000 
Jan. 11, 1905- | Water from a manhole in a Belfast Street - _ 660 6°74 $ 5g -| - O14 

| 
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Cases in which the Method, unless modified, ceases to 
give Accurate Reswlts.—After the completion of the 
series of test experiments just recorded, a liquid came 
under investigation in which a serious discrepancy was 
found for the first time between the figures obtained for 
the dissolved oxygen by the gasometric and volumetric 
methods of analysis. ‘he liquid in question resulted 
from the treatment of sewage by a septic tank and 
eventually by a “sprinkler” or continuous filter, and 


had been kept in a stoppered bottle for some days. 


It formed part of the series employed in the experi- 
ments on the changes which such an effluent expe- 
riences when kept. In this liquid no dissolved oxygen 
was found by gasometric analysis, while-a determination 
by the volumetric method (bichromate) showed no less 
than 1°56 ¢c.c. per litre. ‘I'he liquid examined by the 
same method of analysis at further intervals of time 
powed in succession 1°20, 0°78, and 1°14 cc. per 
itre. 

How can these anomalies be explained? It seems 
clear that the liquid under examination must have con- 
tained easily reducible compounds which oxidised some 
of the ferrous hydrate, and as nitrites were practically 
absent, and we have, as already mentioned, proved 
that nitrates do not appreciably affect ferrous hydrate, 
the question arises whether during the gradual pro- 
cess of denitrification which it has been shown that 
the effluent experiences, unstable oxidised nitrogenous 
compounds, possibly of the nature of nitro or nitroso 
bodies, may not have been formed. 

It is also possible that the easily reducible compound 
contained no nitrogen, but was an unstable inter- 
mediate product arising from the oxidation of the car- 
bonaceous constituents of the effluent before their 
final resolution into carbonic anhydride; but this view 
seems less probable than the first, as the analysis of 
the dissolved gases indicates that the formation of 
carbonic anhydride occurs pari passu with the dis- 
appearance of the dissolved oxygen and the nitrate. 
Whatever the chemical nature of the easily reducible 
compound may be, it can scarcely be doubted that such 
a substance is formed, and that it materially affects 
the accuracy of the volumetric process. Two methods 
suggested themselves for removing it, or, rather, for 
preventing its disturbing effects—one to oxidise it to 
a more stable compound which would not be reduced 
by ferrous hydrate, and the other to reduce it with a 
similar object. Both methods were tried, and both 
led to a partial correction of the error in the volu- 
metric process. As reducing agent sulphurous acid 
was used, and as oxidising agent acid permanganate. 
After a number of trials with both of these reagents it 
was found that a preliminary treatment of the effluent 
with acid permanganate led to the more satisfactory 
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correction, and that the following modification of the 
volumetric process gives results which are at least 
sufficiently accurate for practical purposes :— 

A solution of acid permanganate (freshly prepared 
before each series of determinations, as it does not 
keep well) is made by mixing three volumes of the 
permanganate solution used for the dissolved oxygen 
determinations (1 c.c.=1 ¢.c. of oxygen ai N.T.P.), with 
one volume of the diluted sulphuric acid (equal volumes 
of water and the concentrated acid). Two c.c. of this 
mixture are then added from a pipette to the effluent 
contained in the measuring vessel used in the volumetric 
method. The stopper of this vessel is then inserted, 
and its contents mixed with a swinging motion, after 
which they are allowed to remain for ten minutes ; 
7 c.c. are then removed, the ferrous sulphate and am- 
monia added, and the process carried out in the usual 
manner. 


The blank experiment is conducted in precisely the 
same way, with the difference that after removing 
7 c,c. of the permanganated liquid and adding the fer- 
rous sulphate, sulphuric acid is added instead of am- 
monia, and the mixture at once run off into a dish and 
titrated. 

In the following table we give the results of the dif 
ferent determinations of dissolved oxygen we have 
made in the “sprinkler” effluent by both the modified 
and unmodified volumetric method, as well as by gaso- 
metric analysis. 

It will be seen that the effluent when recently ccl- 
lected gives fairly accurate results with the unmodi- 
fed volumetric process, and that serious error only 
occurs after it has been kept for some time. It should 
be mentioned that in the experiments with sulphurous 
acid 1 c.c. of a solution (approximately of the strength 
1 c.c.=1 c.c. of the permanganate=1 c.c. of oxygen) 
was added to the effluent in the measuring vessel, and 
allowed to act for the same time and in the same 
manner as already described for the acid permanganate. 

In the first experiment (B.3) with acid permanganate 
only 1 c.c. of that reagent was employed, and it was 
allowed to act on the effluent for five minutes only, 
but, as the correction thus obtained was evidently too 
low, in all the other experiments (A.4. 0.1. 0.2. 0.3 and 
B 4, in chronological order) twice that quantity of acid 
permanganate was added, and the time interval during 
which it was allowed to act on the effluent was. also 
doubled. 

Tt will be seen that bichromate was used as titrating 
agent in most of the determinations, but we believe 
that permanganate would have given equally good 
results, and would probably be preferred by most: 
people. 


41 
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DISSOLVED OXYGEN IN THE EFFLUENT FROM A “SPRINKLER” KEPT UNDER ANROBIC 
CONDITIONS. 





Determizations by the 
Volumetric Method 
without preliminary 








Nature of Sample Treatment. 
Analysed. 
Titrations by | Titrations by 
K,Cr,07. KMnQ,. 
SERIES A. 
(1) 5 days after collection 1:56 —_— 
(2)9 5 » %» : 1-20 = 
(3) 14 ,, ” 9 . 0°78 — 
(4) 20 ,, ” 9 - 1-14 = 
SERIES B. 
(1) When collected 7°02 _ 
(2) 24 hours after collection - 5°44 — 
(3) 5 days 9 80 - 1°68 — 
(eo aees ey - - —_ a 
SERIES C. 
(1) When collected - - 6°69 6°54 
(2) 4 days after collection - 1°35 — 
(3) SUT a 93 op - 177 = 














Determinations by the Volumetric Method : 
after preliminary Treatment with: — 
Determina- 
evened by ‘ Sul pig Acid Permanganate. — 
Analysis. 
Titrations by | Titraticns by | Titrations by 
2Cr,0;. 2Cr,0;. KMn0O,. 
0:00 = _ — 
0°10 _ — at 
0:00 — — Aes 
0°00 0°36 0°24 — 
6°84 _ = a 
5°13 _ —_ poe 
0-08 — 0-90 — 
0-00 _ 0:00 _ 
6-20 5°52 6°39 — 
0°50 —~ 0°12 — 
0:00 _ 0°21 0-09 








SEVENTY-NINTH DAY. 


Thursday, 18th May, 1905. 


PRESENT: 


The Right Hon. the Ear of Ippesteteu (Chairman), 
presiding. 
Major General ConsTaNTINE Purprs Cargy, C.B., R.E. 





Colonel T. W. Harpinea, J.P. 
Sir Witt1am Ramsay, K.C.B., F.R.S. 
Mr. T. J. Starrorp, F.R.C.S.I. 


Mr. F. J. Wiutts (Secretary). 


ALSO PRESENT: 


Dr. A. C. Houston, 
Dr. Grorcr McGowan. 


Mr. J. D. WATSON, M. Inst. 0.E., ENGINEER TO THE BrrMincHAM, TAME, AND Rea District Dratace Boarp, 
AND Mr. F. R. OSHAUGHNESSY, Cunemist To THE Drarmaae Boarp, called in; and Examined. 


24913. What is the general scheme of sewage disposal 
at Birmingham ?—(Mr. Watson.) Sedimentation, septic 
tanks, percolating filters, ana land treatment, 


24914. What is the population draining to your 
works ?—Appended hereto is a statement showing 
the population draining to the Sewage Disposal Outfall 
Works in 1901, the date of thé last census, and the esti- 
mated population draining to the works, March 31st, 


Mr. G. B. KersHaw. 
Mr. C. C. FRYE. 


| 


1905. I also append the figures which represent the 
yearly rate per cent. of increase in population during the 
decade immediately preceding the last census in 1901. 
The various authorities whose populations are given here- 
with are united together under the jurisdiction of a re- 
presentative joint authority, constituted for purposes of 
main sewerage and sewage disposal, such authority is 
called the Birmingham, Tame, and Rea District Drainage 
Board. 
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re Statement of Population. Mr. 

J.D. Watson, 

M. Inst. C.E. 

Yearly rate per cent. | Estimxted population, 18 May 1905 

Name of place or Authority. Population, of increase in M “rch 31st, 1905, assum- mites ' 

Census; 1901. population, ing same percentage of 

1891-1901. increase. 
City of Birmingham - - - - 522,182 “92 541,475 
Borough of Aston Manor - - : 77,310 1-26 81,227 
- Smethwick - - - - 54,560 5:09 65,911 
Fa Sutton Coldfield - - - 14,254 6°42 18,030 
Urban District of Handsworth - . 52,921 6-33 66,657 
of e Kings Norton - - 50,000 7°67 65,851 
“A 3 Erdington - - - 16,366 6-99 23,500 
or 3 Perry Barr (p°rt of) - 150 — 150 
Rural District of Castle Bromwich - 2,743 1-46 2,900 
Total - - - 790,496 Total 865,701 





24915. What is the system of drainage—that is to 
say, is the storm water either wholly or partially drained 
into a separate system, and if only partially, to what 
extent ?—The system of drainage throughout the Board’s 
district varies in character. Speaking generally, it may 
be said that the older and more populous portions of the 
district, which represent also the greater part of the 
paved areas and mainly consist of the greater portion of 
the city of Birmingham and the borough of Aston Manor 
are drained on the “‘ combined? system. During the last 
five years this system, in the districts referred to, has been 
supplemented by the construction of a series of storm 
intercepting drains in order to relieve the foul water 


sewers of surplus flow in time of excessive rainfall. The 
remaining portions of the districts embodied in the drain- 
age area, being mainly suburban, have been and are now 
being drained on a partially separate system; that is 
to say, that a system of surface water sewers intercept the 
rain water flowing from the carriage and footways, front 
gardens and front roofs of houses, The remainder of 
the rainfall, which comes from the back roofs and yards 
attached to the houses, being connected into the foul 
water sewers. The following table indicates the relative 
areas drained in accordance with the systems previously 
referred to :— 








Name of Authority. 


Area sewered on the 
‘‘combined”’ system. 


Area sewered on the separate 
or partially separate system. 











Acres. Acres. 
Ci‘'y of Birmingham - - - - - - 8,639 4,000 
Borough of Aston Menor - - - - - 943 — 
35 Smethwick - - : - - - 797 796 
ce Sutton Coldfield - ° - - - — 5,000 
Urban District of Handsworth - - - - 1,220 687 
2 ey Kinzs Norton - - - - 6,140 4,000 
99 » Erdington - - - - - — 4,550 
-s a ‘Perry B rr (part of) - - = - _ 30 
Rural District of Castle Bromwich - - - — 200 
Total - - - - 17,739 19,263 





It is not practicable for me to say what percentage of 
the rainfall enters the foul water sewers throughout the 
whole district, but as the result of observations in respect 
of the two suburban districts of Harborne and Edgbaston, 
situated within the city of Birmingham, both of which are 
extensive, and are sewered on the partially combined 
system, it is estimated that about three-eighths of the total 
rainfall would pass into the surface or storm water 


sewers, and the remaining five-eighths would pass through - 


the foul water system of sewers. 
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24916. Is there any infiltration of subsoil water into the 
sewers ?—There is undoubtedly infiltration of subsoil 
water into the sewers of this district, but the data is 
not available upon which even approximately the relation 
of the volume in proportion to the total dry weather flow of 
sewage could be stated. There is evidence that the older 
sewers are generally responsible for the greater portion 
of whatever subsoil leakage there may be. Newly laid 
sewers admit very little subsoil water, the amount of 
subsoil water which filters into the sewers generally 


Z 412 


Mr. 


J.D. Watson, 


M. Inst. CE. 
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throughout the whole of the Board’s district is not in 
any sense extensive or serlous. 


24917. What is the water supply per head, and from 
what source does it come ?—There are two main sources of 
water supply in the district. First, City of Birmingham 
water: supply, which is distributed over 44,283 acres of 
the drainage district. About one half of this supply is 
still derived from local sources (#.e., from wells, bore 
holes, and some upland gathering ground.) The re- 
maining half of the water comes from the gathering 
ground at Rhayader in Radnorshire.. It is expected that 
the latter will be the only source of supply within the 
course of afew months. The averags daily consumption. 
per head for all purposes in this area of supply is 24-03 
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gallons. Secondly, the South Staffordshire Waterworks 
Company distributes its supply over an area of 16,146 
acres, which includes the Boroughs of Sutton Coldfield 
and Smethwick. The source of this supply is a local 
one, being mainly derived from wells or bore holes sunk’ 
in the new red sandstone formation. The average daily 
consumption per head for all purposes in this area of 
supply is 20 gallons. 


24918. Is it hard or soft water ?—The City of Birming- 
ham Welsh supply is a soft one, having in all only 2-3 
degrees of hardness. The old water supply derived 
from local sources and supplied by the City of Birmingham 
is hard, having a total of 28 degrees of hardness. A 
complete analysis of the old local supply, and of the 
new or Welsh supply, is as follows :— 


(Expressed in parts per 100,000.) 









































Free 7A ss Aas Oxygen Chlorine 
as Total solids.| aTamonia: | slideaiani ce, | oOo in Alkalinity. 
‘ cee 4 hours. chlorides. 
Old supply -— - 39°8 001 006 22 18 19 | 16°8 
New suppl ee 6-0 = 004 Sis 20 10 | 2-3 
The South Staffordshire water supply coming from the average composition may be taken to be as 
~yarious sources, is subject to some variation, but follows:— 
(Expressed in parts per 100,000.) 
3 3's ale A a0 3S = x | | oO a) boli 2 hae 6 a 
=ie) re eae : = eH aS) . ro ios} e = n 
s8 |) 82) 28 |/S38\ a4] 4 2 | BR\ eS | 8 | 28 los 8) 8) leee 
Pe | ee) ee |Rea| S82 | a | 2 | SESE) 2 | Be Peds ieee 
“4 n =] a= a ° aa 
< <= = q 2 Q ~ a = M = R ) eg © Sy 3S ra 3 
“0015 | -003 -080 | 37-14 | 9-4 13 | 3°73 | 2°35 | 2°07 14 | -17 | 7 | 10-5 





“The total hardness of this water is 10-5 degrees. 


24919. What is the drainage area of the part of the 
town which is sewered ?—I am unable to say with ex- 
actitude what the nett drainage area is, which is pro- 
vided with a sewerage system, and connected to the 
Board’s Outfall Works. Approximately, I estimate 
the nett area of the sewered areas within the Board’s 
Drainage District, and connected to the Board’s Outfall 
Works, to be as follows, and for comparative purposes I 
attach also the gross areas of the SanitaryAuthorities :— 








Gross area Net sips 

1 ~—- | aaethae| Board's, 
ee Authority. ort tall: 
Acres. Acres. 
City of Birmingham - - - - 12,639 12,639 
Borough of Aston Manor - - 943 243 
i Smethwick - - - 1,$29 1 593 
A Sutton Coldfield - - 12,828 5,000 
“Urban District of Handsworth - 3,665 1,907 
” » Kings Norton - 11,900 10,140 
3 oa Erdington - - 4,550 4.550 

i, z Perry Barr- - 4,042 30 
Rural District of Castle Bromwich 7,724 200 

/ 
a Total - - - -| 60,220 | 37,002 








24920. What proportion of the population use pail 
closets or middens, and what proportion use water-closets ? 
—The proportion of the population using pail closets 
or middens, together with the proportion using water- 
closets is given in the appended statement. 











Statement. 
Proportion of Proportion of 
population ODIatOn 
Name of Authority. using pail a stone 2 t 
closets or oe 
midis closets. 
Per cent. Per cent. 
City of Birmingham - 30 70 
Aston Manor - - - - 33 67 
. ! 
Kings Norton - - - 4.0% 96 i 
! 
Handsworth - - - - 8 02: | 
Erdington- - - - - 7 93 ; 
| 
Sutton Coldfield - - - 6 94 
Smethwick - - - - 25 75 





24921. Has the flow of sewage to your Works been 
gauged ? If so what is the average number of gallons 
delivered at the Works per day of twenty-four hours in dry 
weather, in winter and in summer?—Continuous gaugings 
of the total flow of sewage to the Outfall Works have 
been taken from January Ist 1905 to the present time— 
a period of four months The average dry weather flow 
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recorded is at the rate of 21,970,000 gallons per twenty- 
four hours. The following table shows the comparative 
hourly volume and variation in flow of the average daily 
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dry weather flow of sewage and is based upon continuous 
gaugings extending over four months, January Ist to 

















Dry weather flow. Hourly 
Time of flow. Volume percentage of 
dircharged. total daily flow. 
12to lam. 654,000 2°98 
Mioe.-2,, 614,000 2:79 
2to 3 ,, 577,000 2°63 
3to 4 ,, 540,000 2°46 
4to 5 ,, 505,000 2°30 
StgGs 5 478,000 2°17 
Gito 7.5, 510,000 2°32 
BG Bito9s 607,000 2-76 
8 to Ds. 708,000 322 
9tol0 ,, 900,000 4-10 
IGtodl”.,, . 1,142,000 5-20 
TD to Le. 4s 1,283,000 5°84 
12 to 1 p.m. 1,340,000 6-10 














April 31st, 1905 :— 
Dry weather flow. Hourly 
Time of flow. Volume percentage of 
di charged. total daily flow. 
lto 2 p.m, 1,363,000 6-20 
PC ae 1,346,000 6°13 
te ee See 1,312,009 5°97 
A Oy Oh. ae 1 264,000 5°75 
5to 6 ,, 1.208,000 5°50 
Sp eee 1,144,000 5-21 
Lt0 Boats 1,066,000 4°85 
TOs Oa oe 985,000 4-48 
9tol0 ,, 800,000 Lip er 
10 toll ,, £08,000 3°68 
ll to 12 ,, 716,000 3-26 
Total dry weather 
flowyes) nieve - 21,970,000 100-00 





24922. What is the maximum dry weather rate of 
flow, and at what hour does this occur ?—The average 
maximum flow during the day in dry weather is at the 
rate of 35,560,000 gallons per twenty-four hours. This 
occurs generally about 1.30 p.m. ea 

24523. What is the minimum dry weather rate of flow, 
and at what hour does this occur ?—The minimum flow 
during the dry in day weather is at the rate of 10,560,000 
gallons per twenty-four hours. This occurs generally 
about 6.0 a.m. 

24924. What is the maximum wet weather rate of 
flow which you have observed coming to the works, 


and during how many hours has this continued ?—The - 


maximum rate of flow which has been measured as flowing 
to the Outfall Works during storm times has been ap- 
proximately at the rate of 260,000,000 gallons per 24 hours. 
This rate of flow has lasted for about 1 hour. 


24925. What storm overflows have you on your sewers, 
and at what rate or rates of flow do they come into opera- 
tion ? For comparative purposes kindly give the maxi- 
mum and minimum rates of flow in dry weather in the 
sewers on which the various overflows are situated ?— 
There are 80 storm water overflows on the sewers within 
the area of the City of Birmingham; about 40 of this 
number are defective, that is, discharge when the sewer 
is under a head only, and the remaining 40 are free. 
Twenty-five of these overflows discharge at 6 dilutions, 
and the remaining 55 at rates varying from 6 to 10 dilu- 
tions. The variation between maximum and minimum 
rate of dry weather flow in the sewers on which over- 
flows are placed is estimated not to exceed a variation 
<f4 tol. = 


- 24926. What is the largest number of gallons of 
sowage which have passed the last storm overflow, and 
come to your works in 24 hours ?—Continuous gaugings 
have been taken during the four months ending April, 
1905— (the rainfall being only 50 per cent. of the average) 
—and the largest number of gallons registered during 
any 24 hours period was 82,000,000 gallons. 


24927. Can you say what is the volume of water in 
gallons represented by the average yearly rainfall on 
the drainage area ?—The average yearly rainfall as 
obtained from results of metcorological observations at 
the Edgbaston Observatory is given as 24°871 inches. 
This quantity computed over a drainage area of approxi- 
mately 90 square miles gives a quantity of 32,500,000,000 
gallons. 


24928. Can you give the Commission an approximate 
statement as to the volume of sewage which comes to 
your works during the year, and the volume which 
passes over your overflows ?—It is estimated that the 
total volume of sewage and storm water flowing through 
the sewers to the Board’s outfall works at the present 
time amounts to 9,560,000,000 gallons per annum, based 
upon an average annual rainfall of 24°87 inches. No 
records of the volume which passes over the overflows 
are available. 


24929. Does the infiltration of subsoil water into the 
sewers occur regularly, or does it vary with the seasons 
or with the state of the weather, and can you give an 
approximate idea of the extra amount of liquid at one 
and another time entering the sewers from this source ?— 
No data is possessed from which could be given even 
approximately the quantity of infiltration water entering 
the sewers at one time or another. The quantity is 
small, and although it probably varies with the seasons 
of the year, no information is possessed with regard to the 
extent or nature of the variation. 


24930. How many gallons of trade effluents enter the 
sewers daily (24 hours), and what is the nature of these 
effluents?—The estimated average volumes of liquid trades 
waste discharged into the sewers, amounts to approxi- 
mately 4,000,000 gallons per diem. They are very varied 
in character. The predominant characteristic being 
trades waste from metal wotking industries. 

Acid Trade Effluents.—The chief sources of these are 
the pickling and finishing processes of metal workers. 
The acid reaches the sewer in various states of dilution, 
usually carrying in solution a certain amount of metal. 
The principle metallic constituent is iron, but appreciable 
quantities of copper, zinc,and other metals are also present. 
Owing to the greater care now taken by copper and brass 
workers in recovering the copper, much less is discharged 
into the sewers than formerly. The quantities of acid 
used by about 350 manufacturers per week has been 
computed to be as follows :— 


Sulphuric acid - - - 1,000 carboys 

Nitric acid - - - - 646 carboys 

Hydrochloric acid - - - 1,100 carboys 
(1 carboy= 10 gallons). 


Non-acid Trade Effluents.—Slaughter houses, breweries, 
pen manufactories, etc., contribute non-acid refuse, and 
a very appreciable quantity of fatty and oily matter 
finds its way into the sewage. 
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Alkaline Trade Effluents.—About a dozen firms, com- 
chemical manufacturers, fellmongers, paper 
manufacturers, etc., discharge alkaline liquors into the 
sewers. The principal constituent of these discharges: is 
lime, and the total quantity of lime used by these people 
is about 100 tons per week. 


24931. Has your authority framed any rules as to 
the reception of trade effluents into sewers? If so, 
what are they ?—This authority follows two rules 
with regard to the reception of trade effluent into sewers ; 
Ist, relating to effluents, containing solids in suspension 
and 2nd, those effluents containing acids in solution and 
in respect of new connections into the sewers for noxious 
effluents. 

(a) Trade Effluents, containing Solids in Suspension.— 
It is understood that 75 per cent of the total suspended 
solids in liquid trades wastes shall be eliminated before 
the liquid is admitted into sewers. 

(b) Acids in solution.—Large volumes of acid liquor 
are not allowed to be discharged into sewers at one time. 
The daily volume to be discharged shall flow evenly and 
continuously from the works, the outlet pipe being of such 
a size as to ensure this condition being fulfilled. 

This latter condition has been enforced within the 
last five years in respect of those manufacturers who 
were already connected with the sewers. In not more 
than one or two instances has it been found necessary 
to threaten legal proceedings to enforce these rules, 
so willing have manufacturers been to comply with a 
reasonable request. 

So long as the combination of trades waste and domestic 
sewage can be treated (without extra cost), on biological 
lines the Board do not propose to interfere unduly with 
manufacturers discharging effluents which inhibit bac- 
terial growths. 


24932, Do you find that the trade effluents interfere 
with the process of purification by reason of their quality, 


MINUTES OF EVIDENCE: 


variations in composition, fluctuations of vorame, or 
otherwise ? If so, would you kindly tell us what your 
difficulties are ?—Much serious trouble has been caused 
at different times by sudden discharges of large quantities 
of trade effluents, such as waste gas liquor containing 
much tarry matter, or waste pickling liquor. Normally 
however, the discharge of such liquors is fairly uniform 
and the most persistent difficulty encountered in certain 
portions of the sewage, is the trouble experienced in 
attempting to set up septic action. This is attributed 
to the low alkalinity accompanied by the presence of 
ferrous salts. After mixing with the other sewage this 
difficulty disappears. On one or two occasions field 
crops have been destroyed entirely by being treated with 
acid sewage from one of the sewers. 

24933. In dry weather what is the average amount 
of suspended matter in your sewage, and what are the 
highest and lowest figures in parts per 100,000 ?—The 
average amount of suspended matter in Birmingham 
sewage (average) is 71:9 (an average of 500 samples taken 
over four years). 

The highest observed figure is - 1,044°5 
The lowest observed figure is - - 16°9 

It may be pointed out that these figures are quite 
exceptional and are not included in the above average. 
There have been several figures between 300-400. 

24934. What is the physical character of these solids ? 
—The suspended solids vary greatly in character. They 
include much fine sand, gravel, particles of coal, cinders, 
wood, leather, animal hairs and bristles, animal fat, 
paper, fragments of food, vegetable matter, and much 
fecal macter. Occasionally large pieces of wood, metal, 
rags, and bodies of small animals make their appearance 
in the sludge. 

24935. Can you give us average analyses of your 
sewage for the years 1903 and 1904 in summer and in 
winter ?—Yes, as follows :— 


1903, Wander. 



































Nitrates Oxygen absorbed. 
ie | aati | amma, | ante, Seale 
nitrogen. | Unfiltered.| Filtered. 
Saltley Sewage - - 146-0 A7°5 3°071 0:840 10-7 0-632 17-981 9-509 
Rea ee ten chen Deal ee LAL ae Ge 3-013 1-493 23:5 0-569 26-129 17-614 
Hockley , - -| 125-4 63-1 2-100 1-103 21-7 0-554 23-696 12-643 
Aston. 4s. 0) Pel: 11032 155-5 3-505 1-648 15°3 0-920 25-913 12-101 
: PE 1903, Summer. 
Saltley Sewage - -| 135-9 57-2 3-403 1-005 13-0 0-805 20-778 10-301 
Rea be pe relent nce W Aes 55:5 2-992 1112 21:3 0-850 26-796 15-268 
Hockley , - -| 1250 66-9 2-920 1-149 21:7 1-180 26881 14-388 
RStOR > cy ee Peas 73-6 2-910 1-283 19-4 831 24-024 12-101 
1904, Winter. 
Saltley Sewage - -| 1429 53-5 3-226 1-149 12°8 — 24-591 15-174 
Rea , ag in pee Fa! 65-0 3-056 1-415 21:3 = 31:749 | 23-582 
Hockley , - -| 1084 53-2 2-800 1-026 18-4 — 23-928 14 146 
Aston: 2 cj. Somer 92-2 59-4 2°793 1-137 14:1 = 21-725 13-954 
55 1904, Summer. 
Saltley Sewage - - 141°3 35°6 3955 956 16°5 _ 17-944 10-130 
Rea boron natdiadhe 4 gap 63-4 4-515 1-391 21-0 = 24652 | 12641 
Hockley - ,, oS eS 585 4-787 1-379 21-1 _ 23-799 11 709 
Raion te fone tins = <= hag 122-0 4675 | 2-213 17-0 = 26-861 9 300 
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24936. Is it a “strong” sewage, and, if so, what char- 
acterises its strength ?—Birmingham sewage is a “‘ strong ”’ 
sewage. Putrescibie matter of all descrip.ions may be 
said to characterise che “strength” of this sewage, and 
the amount of ‘‘ oxygen absorbed in four hours at 80 F ” 
may be said to measure the strength most closely. 


24937. Does its strength vary very much from hour 
to hour or on different days of the week, and, if so, do these 
variations affect the quality of your final effluent to a 
marked degree ?—Certain portions of the sewage vary 
greatly in strength from hour to hour, the liquid during 
the early hours of the morning having the appearance of 
tap water, whereas in the afternoon it is extremely foul 
and turbid. The variation from day to day is most 
marked at the beginning of the week. The difference in 
quality between sewage taken at other times has not been 
observed to be considerable. The quality of the land 
effluent does not seem to be affected much thereby ; but 
variation in the quality of the sewage supplied to bacteria 
beds produces corresponding marked effects in the 
effluents from such beds. 


24938. How do you think “strength ** of sewage as 
affecting purification is best expressed or measured ?— 
“Strength *’ of sewage as affecting purification may be 
measured by comparing the figures for ‘‘ Albuminoid 
Ammonia’? and for ‘ Oxygen absorbed in four hours 
at 80 F” in the sewage and the effluent respectively. 
The purification both actual and potential may be best 
measured by the figure called “‘ oxygen conferred on the 
sewage.”? This figure is in fact an approximate measure 
of the work done in purifying the sewage. It is obtained 
as follows :— 


Let. O=‘“ Oxygen conferred on sewage.’? in pounds 
per day. 

» S=Oxygen absorbed by sewage in four bours 
at 80 F. 

» &=Oxygen absorbed in the effluent in four hours 
at 80 F. 


»  N=Nitric and nitrous nitrogen. 
» W=Volume of sewage in gallons treated per 
twenty four hours per acre of bed. 
Thea 
=(S-E+*? n.) x 10 V. 

This formula is intended to give a result which will 
provide a basis for comparing different methods of 
treating the same sewage. Itis merely a working formula, 
and has no pretensions to giving absolute results, a much 


more complicated formula being necessary for this 


purpose. 

24939. Have you any information as to the bacterio- 
logical condition of your sewage in dry weather and in 
storm times ?—Some records of bacteriological exam#na- 
tions of our sewage made in dry weather, are as follows :— 


Aerobes  Anerobes 
per. c.c. per. c.c. 
Saltley Crude Sewage - - 873,000 152,000 
Rea rn be ° - 370,000 150,000 
Hockley _,, a3 - - 121,000 1,000 
Aston as a > . 453,000 81,500 


623 


Some records of bacteriological examinations of sam- 
ples of our sewage taken in storm times are as follows :— 


per. ¢.c. per. c.c. 
Rea Crude Sewage - - 864,000 349,000 
Hockley _,, - - - 476,000 469,000 


24940, Are there any chemical poisons in your sewage ? 
If so, what are they, and to what extent do they occur ? 
—There are chemical poisons present in our sewage in 
the shape of acid wastes and pickle and sulphocyanides. 
The pickling liquors are present in the largest and most 
persistent quantities. As much as over 12 parts of iron 
(F. e.) per 100,000 has been observed in the sewage. The 
average figure for the iron in our sewage is as follows :— 


In suspension 3°29 parts per 100,000 
In solution 1°23 ,, 5 


24941. Is your sewage always alkaline ?—Our sewage 
as it enters the tanks has never been observed to be acid, 
although certain portions of it have approximated to that 
condition on several occasions, the alkalinity being so 
low that it was impossible to say definitely whether it 
was acid or alkaline. 


24942. Do you find that the amounts of suspended 
solids are increased or diminished in times of storm; 
and can you give the Commission the figures at the end 
of each hour during a storm of some hours duration ?— 
The suspended solids are undoubtedly increased during 
times of storm. No systematic observations have been 
made of the quantity of suspended matter present during 
a storm of some hours duration. The suspended solids 
have been observed to rise from 38 parts to 380 parts 
per 100,000 within an hour, owing to a sudden storm. 


24943. How many years ago were your sewers laid, 
and do you know whether they have sunk much in places 
so as to allow solids to accumulate ?—Most of the largest 
main interception sewers were laid between the years 
1852 and 1879 and generally speaking are at this date 
in good condition. In one notable instance, viz., the 
Rea Main Sewer draining a considerable portion of the 
city of Birmingham, is at this time being gradually recon- 
structed owing to insufficient carrying capacity, and has 
been replaced by a seven feet diameter circular barrel 
sewer, the discharging capacity of which will be equal 
to the prospective requirements of the next thirty years. 
There has not been much sinkage which would admit 
of deposit of solid matter in the main sewers. Colliery 
workings do not underlie the surface of the cround in the 
district. ' 


24944. What is the character of the liquid part of the 
sewage in storm times? Perhaps you could illustrate 
this answer by analyses of the liquid portion of the sewage 
in dry weather and in storm times ?—The liquid portion 
of the sewage during storm times becomes considerably 
weaker than in dry weather, the amount of dilution de- 
pending on the extent of the storm. I hand in a Table of 
Analyses. 


Mr. 
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Oxygen Oxygen 



























































8 May 1905... fo | 
SANS Dissolved |Freo & Saline Gpiorine| Absorbed Fil. Dissorved [Bree & Satine chlorine.| Absorbed Fil- 
Solids. Ammonia. | toned Ganiplé: olids. mmonia. tered wamaple. 
97°5 2°418 V7 7-640 3 typical 1420 2°834 19.5 10800 
samples of ; 
1170 1:649 14°6 9-272 Saltley 161°5 3°500 12°9 13°764 
sewage. 
815 2:000 9-2 6°667 137°0 5°167 10°6 16-079 
94-5 3 typical 137-0 2620 24:5 17-250 
samp'es of 
82°5 Rea sewage, 152°5 3-298 30°7 18-682 
96°5 169°5 4°572 276 20°687 
91:0 1:730 115 12-230 3 typical 138-0 3°850 22°8 17-890 
samples of 
83:0 1-260 12°6 9-160 Hockley 137°5 2°718 22°6 17°540 
sewage. 
87°5 1-431 12.7 11-295 163°5 3°580 28°8 15°199 
165 1-218 11-0 7-970 3 typical 140°5 3-670 20°6 14-220 
samples of 
94-0 2-083 13:1 12-229 Aston sewage. 144:°5 3°595 24:4 14:321 
66-0 1425 11-4 9-258 127-0 4653 16:0 11:610 





Note.—Solids separated by filtration. 


24945. In what way or ways do you think the sewage 
which comes to the works should be dealt with in stcrm 
times ? Perhaps I should amplify this a little. The 
usual requirements of the Local Government Board are, 
I understand, that any increase in flow up to three times 
the normal dry weather rate should be fully dealt with by 
the ordinary complete plant, and that a certain number 
of additional dilutions—up to a tetal of six—should be 
treated on special storm filters. Do you think these are 
proper requirements, or do you think that they should 
be modified in any way ? It is, I believe, often found 
that the storm sewage which first comes down to the 
works contains a largely increased amount of suspended 
solids, and I should like to know whether you consider that 
your ordinary (dry weather) plant 1s exposed to damage 
In any way—as, ¢.g., rapid chokmg—by having to deal 
with this amount of storm sewage, and whether you think 
it would be better to adopt some other treatment. Al- 
though the storm sewage, including the suspended solids, 
is a very polluting liquid, possibly the liquid portion 
alone is not very polluting, and this suggests that settle- 
ment of all the sewage arriving at the works in time of 
storms in tanks for a few hours, after, possibly, the addi- 
tion of chemicals, might perhaps be a better plan of 
treatment than passing a portion of it through the ordin- 
ary plant, and the balance through storm filters. Would 
such settlement alone be sufficient for the whole of the 
sewage arriving at the works in times of storm ?—It will 
perbaps be best in answering this question to begin by 
criticising the existing rule of the Local Government 
Board. The fundamental weakness in this rule as 
app'izd in practice, is that the volume and quality of 
the sewage at the particular time at which the storm occurs 
is ignored. The actual bulk of sewage flowing down the 
sewers is very different at different hours of the day. 
For instance, assuming that thé dry weather flow is 
24 million gallons per 24 hours, the flow may amount 


to’} a million gallons per hour at 6 a.m., and 3 
million gallons per hour at 1 p.m. The: strength of the 
s2wage for the purposes of this question may be taken as 
sensibly the same during the whole day. Thence by 
adopting this cast iron rule with regard to the amount 
to be treated, ¢.e., three times the dry weather flow dis- 
tributed evenly over the whole twenty-four hours, a much 
greater pollution would ensue if the storm occurred at 
1 p.m. than if it occurred at 6 a.m. 

Another cardinal weakness in the Local Government 
Board restrictions is, that local conditions which modify 
the effects of a storm in a manifold manner are not pro- 
perly allowed for. Local conditions such as the size and 
character of the river, quality and quantity of sewage 
normally dealt with, rainfall of the district, nature of ex- 
isting works etc., etc., should all be taken into account 
in. deciding this matter. 

The establishment of purification works for the ex- 
clusive treatment of an additional three dilutions of the 
normal dry weather flow required by the existing Local 
Government Board standard is in general neither essential 
nor desirable. The intermittent recurrence of rain does 
not warrant the provision of expensive works to treat a 
volume which may only reach the works once in several 
months, and then only when every stream is in flood. 

Storm water filters, ¢.e., filters for mechanically removing 
the suspended svlids from storm water, are inefficient, 
their primary cost is high, and the cost of maintenance is 
considerable. To remove foetid organic sludge from the 
surface of a filter without creating nuisance is a practical 
impossibility, whereas its removal from sedimentation 
tanks is easy, simple, and, above all, expeditious. Settle- 
ment alone in carefully designed tanks would generally 
be sufficient for the whole flow of sewage and storm-water 
coming to our works after the first flush of the storm (say 
after 2 hours), in the case of a storm of some hours’ dura- 
tion. 


The addition of chemical precipitants would undoubtedly 
expedite the deposition of the foul suspended matter 
brought down in the first period of the storm. 

A maximum rate equal to four dilutions of the normal 
dry weather flow on the present basis ought to be ample 
{to meet all ordinary contingencies) before passing into 
the water course. 

Some form of standard is necessary, but this standard 
should be different for different localities, the standard 
for each place being determined absolutely by local con- 
ditions. 


24946. What shape and size are your storm overflows ? 
—~-The storm overflows are of various sizes. They con- 
sist generally speaking of a permanent overflow cill in a 
free sewer fixed at a level corresponding to a depth of 
water in the sewer giving a discharge of between six and 
seven times the average daily dry weather flow. 


24947. Would it be possible to have a-standard form 
of overflow, and how would you fix the point at which 
overflows should be allowed to come into operation ?— 
It would be possible to have a standard form of overflow. 
There is no doubt that the usual form of overflow, con- 
sisting of a permanent weir cill on a free sewer, such 
cill being fixed at a level corresponding to the water 
level of the sewer, when the discharge is equal to a given 
number of dilutions of the dry weather flow, is most 
unsatisfactory. It is quite possible with such form of 
overflow to have a volume passing down the sewer equal 
to 200 per cent. in excess of the quantity at which the 
weir comes into operation. The only method of fixing the 
point at which storm overflows should come into opera- 
tion seems to be upon the basis of a certain number of 
dilutions of the dry weather flow, based upon the average 
daily dry weather flow of sewage. This is, of course, 
open to the objection that during extremes of dry weather 
flow the required dilution is not given, but with fixed 
weirs this is inevitable. 


24948. Do you think that the point at which storm 
overflows should come into operation should depend on 
the configuration of the land, e.g., whether it is hilly 
or flat, ete., and upon the character of the surface soil 
zeologically ?—With a carefully designed storm overflow 
it is not necessary to make any allowance in respect of 
configuration of ground with regard to the point at 
which storm overflows should come into operation. 


24949. Should storm overflows be fixed or movable ? 
—Storm overflows should be adjustable ; main sewers 
are frequently constructed of sizes which cover the re- 
quirements for a period of thirty years in advance of 
the time of their construction, and should be constructed 
so that the dilutions may be maintained as the flow of 
sewage increases from year to year. It is impossible 
to establish a system of storm overflows which could 
be movable in the sense of maintaining in time of storm 
a constant dilution of the sewage with a variable daily 
flow. 
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24950. Do you think the number of dilutions at which 
storm sewage may properly be allowed to pass into the 
stream should be dependent upon the size and nature of 
the stream into which the storm sewage would prss ? 
Is it possible, for example, that in some circumstances 
no injury to the stream would be caused by allowing 
overflows to come into operation when the increased 
flow was slight, while in others this would not be the 
case ?—The size of the stream into which a storm over- 
flow discharges materially affects the relative pollution 
effected thereby. This fact is of such considerable 
importance that it ought to be taken into account. And 
the diversity of condition so obvious that each case 
should be judged on its own merits. 


24951. What happens to the road water in the portion 
of your district which is drained on the separate system ? 
—The outlying suburban portions of the district form 
the main portions sewered on the separate system, end 
in those instances the road water is conveyed to the 
water-courses from the surface water sewers. 


24952. Could you give us an analysis of a typical sample 
of your road water during the early period of a storm?— 
No examinations of road water have been made. 


24953. Then you have no information as to the 
bacteriological condition of the road water ?—No. 


24954. Do you consider that in certain circumstances 
this liquid should be purified 7—Yes, under certain 
circumstances, i.¢., the first flush of a storm is of such a 
foul nature that it ought to be purified. 


24955. What are your views as to the comparative 
cost and advantages of the separate and combined 
systems of sewers ?—The construction of sewers in the 
drainage area has been left in the hands of constituent 
authorities incorporated in the Drainage Board. The 
statistics with regard to this question are not available. 
In urban districts with large paved areas and dense 
populations, there might be a combined system only, 
relief being given by suitable storm water overflows for 
excessive rainfall. This system is warranted on economi- 
cal and sanitary considerations. Generally speaking, in 
suburban and rural districts a separate system is 
justified. 


24956. Is your sewage settled, and, if so, how ? 7.¢., by 
quiescent settlement or continuous settlement, and 
what length of time does it stay in the tanks or take to 
pass through, as the case may be? Would you kindly 
give an average analysis of the tank liquor, including 
the figures for suspended. solids ?—The sewage is settled 
by means of continuous flow settlement in rectangular 
tanks worked in parallel. The average time occupied 
in passing through these tanks is. 6} hours. The 
average analyses of the tank liquor for 1904 are as 
follows :— 


Re | Oxygen absorbed. 

















; é z : Chlorine. nitrites as 
solid. solid. ammonia. ammonia. Suton cell 
Unfiltered. Filtered, 
| | ‘ 
PRELIMINARY OR GENERAL ROUGHING TANK EFFLUENT. 
107:2 322 4-780 1:087 19-3 935 19-288 12-610 
FINAL OR SEPTIC TANK EFFLUENT. 
105-2 19°5 6°121 887 | 19°6 *627 15°868 10-071 


a ess a BP caRSEDERE STRSTR RET AERTS TEESE 


Note.—Some of these tanks are worked simply as 
sedimentation tanks whilst others are worked as septic 
tanks, the first chamber in each tank being used as @ 
grit chamber. 

24957. Have you data to show what proportion of 
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the suspended matter in your sewage is settled in }-hour, 
1, 2, 3, 4, 5, 6, 12 and 24 hours, if the sewage is given 
quiescent settlement ?—The following are the observed 
rates of settlement with quiescent settlement of Bir- 
mingham sewage :— 
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Rea SEWAGE. 





Suspended matter remaining in liquid, in 
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HockLEy SEWAGE. 


Suspended matter remaining in liquid, in 








Time of settlement in parts per 109,000. parts per 100,000. 
saan Total. Organic. Total. Organic. 
0 73-0 43-5 28:0 14-5 e. 
ay 31-0 18:0 8°5 50 
1 25-0 14:5 80 45 
2 18°5 100 85 40 
3 18:0 10°5 86 4:0 
4 16-5 9-5 8.0 5-0 . 
5 14:°5 75 75 35 
6 16°5 10:0 7:5 40 
arn 7 15-0 8-0 7-5 40 
8 16:0 9°5 8:0 39 
9 12°5 75 75 40 
10 14:0 9-0 100 6:0 
11 13:5 8°5 10°5 5:5 
12 140 8:0 90 410 
24 11:0 6°5 9°5 45 
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24958. What time would be necessary for you to gain 
a good tank liquor containing, say, no more than 6 or 8 
parts of suspended solids per 100,000 from your sewage 
(without the addition of chemicals), by quiescent scttle- 
ment, and by continuous flow settlement ?—It would 
be necess:ry to give the sewage from 8 to 10 hours con- 
tinuous flow settlement to produce a tank effluent con- 
taining about 6 to 8 parts of suspended solids per 100,000. 
The same result would be achieved by quiescent settle- 
ment in rather less time. 


24959. Do you prefer to use settlement tanks in series 
or in parallel ?—We prefer to use tanks in parallel. 


24960. In the case of continuous flow tanks do you 
think there is any advantage in the employment of 
baffling boards or walls ?—Baffling boards and walls 
are of considerable use in a continuous flow tank. 


24961. How is the sludging of tanks done at your works, 
and what is the character of the sludge? Does any 
nuisance attend the operation, and if so, is it serious ? 
Have you means of storing sludge, or do you have 
to get rid of it as soon as it is removed from your tanks ?— 
The supernatant water is decanted and pumped off 
from one tank during the night, the operation lasting 
about eight to ten hours. The sludge accumulated in 
the tank generally occupies a space of about 18 inches 
deep, and is scraped down as rapidly as possible by men 
with wooden scrapers into the sludge sump connected 
with each tank. With crude and ursepticised sludge a 
certain amount of nuisance is inevitable. 

The sludge is drawn out from the sump by. sludge 
pumps and forced through a sludge main on to the 
land for treatment. This opcration requires six hours 

In its passage from the tank into the suction chamber 
the sludge is passed through an iron screen with bars 
1} apart, to which is attached a revolving rake which 
effectively extracts from the sludge the rags, and similar 
fibrous material which it contains. 

It is found quite practicable by frequently cleaning 
the tanks to pump a large proportion of road detritus and 
other heavy material by mixing with the liquid sludge. 
The remainder which 1s not capable of being pumped 
is removed by means of a crane and Priestman grab. 
There is no means of storing the sludge, which has to 
be got rid of as it is removed from the tanks. 

No nuisance attends the detritus removal operations, 
as it is immediately buried in adjacent ground. 

24962. Should the heavy (road detritus, etc.) portion 
of the suspended matter in sewage be removed as a first 


operation, or do you think it better and more economical 
to let everything settle in the tanks, and subsequently 
to screen the sludge ?—It is better to let everything 
settle, and subsequently screen thesludge. At the same 
time it is more economical to insert partition walls to 
separate the maximum amount of road detritus from 
the rest of the sludge. 


24963. What is the manurial value of your sludge, 
and will farmers take it ?—The following shows an 
average analysis of a number of recent examinations 
of the dry solids contained in the sludge :— 


Analysis of dry sludge. 


per cent. 
Organic matter - - - - 46°55 
Inorganic matter - - . - 53°45 
Containing total nitrogen - - 2°50 
Containing phosphoric acid (P,O,) - 1°29 


Its manurial value 1s not large, and the large quantity 
of water inevitably associated with it does not improve 
it as a manure. When put on heavy ground it tends 
to improve the soil by making it more open and free. 
Farmers at one time took considerable quantities of 
it, but our own farm bailiffs do not think much of it as a 
crop raiser. 


24964, Are there any chemical poisons in it ?—There 
is no appreciable quantity of what may be called chemical 
poison in the sludge. - 


24965. Do you find any nuisance from the treatment 
of sewage in settlement tanks? Have any complaints 
been made ?—There is no nuisance from the treatment 
of sewage in settlement tanks. No complaints have been 
received on this account. There is more smell fron 
settlement tanks, especially whilst cleaning, than from 
septic tanks. ; 

24966. Have you had experience of the chemical pre- 
cipitation of sewage ?—Yes. 

24967. Have you any reason to think that sewage 
from which the solids have been removed by the aid of 
chemicals is less easily purified by subsequent filtration 
than sewage from which the solids have been removed 
by settlement or by passage through septic tanks ?— 
It is an open question how far the subsequent behaviour 
of the tank liquor is influenced by the method of removal 
of the suspended solids. So far as our observations go, 
no difficulty has been found in the filtration of chemically 
treated sewage. 
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24968. Have you tried various chemicals? Can you 
give any comparative data on the practical value and 
cost of different precipitants for the preliminary treat- 
ment of sewage, stating whether you are referring to the 
precipitation of strong or of weak sewage ?7—Milk of 
lime, added to the crude sewage, was used as a chemical 
precipitant for many years, and was totally discontinued 
in February, 1901. During the last twelve months of 
this process the tank capacity at the outfall works con- 
sisted of two insta/lations of tanks, which were worked 
in series. The mean period of sedimentation in the pre- 
liminary tanks was three and a half hours, and in the 
secondary installation of tanks the mean period of sedi- 
mentation amounted to five and a half hours, giving a 
total mean period of sedimentation for the limed crude 
sewage of nine hours. The flow of sewage for the last 
twelve months of the process was estimated at 20,000,000 
gallons per day. The proportion of lime added to the 
crude sewage was 12 grains per gallon, being equivalent 
to a quantity of 15 tons 6 cwts. dry lime used daily. 
The following analysis wi'l indicate the effect of this 
liming process upon the crude sewage. 
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During the year 1900, in parts per 100,000. 


Dissolved Suspended 
solids. solids. 
Crude sewage- - - 129-10 67°60 
Preliminary tank effluent 138-00 16°3) 
Final tank effluent - 133°20 4°20 


24969. What is the most effective way of adding chemi- 
cals ?—The most effective way is to amalgamate thor- 
oughly milk of lime with sewage before it enters the 
precipitation tank. Our method consisted of shooting 
milk of lime into the sewer and allowing the mixed lime 
and sewage to travel some distance together before 
passing to the tanks, 


24970. What is the average analysis of the liquor from 
your precipitation tanks? What length of time does 
the sewage remain in the tanks ?—The average analysis 
of the precipitation tank liquor taken over one year 
was as follows :— 
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Nitrates and 














Dissolved Ended Free Albuminoid Miterinon | aiieitas ae Oxygen 
solids. solids. ammonia. ammonia. aR : abzorked. 
nitrozena. 
Roughing tanks - 138-0 16°3 3400 1 000 22:9 0-480 10-910 
Finishing tanks -j| 1332 4:2 3:700 0 970 19-8 0580 9 520 





In the roughing tanks the period of rest was about 
34 hours. In the finishing tanks the period of rest was 
53 hours. 


24971. What is the character of the suspended matter 
sn such liquor ?—The suspended matter in a tank liquor 
such as the foregoing is very finely divided, and neces- 
iarily of a very light nature. 


24972. Do you find it necessary to add further chemicals 
to the sludge before it can be dealt with ?—It was 
never found necessary to further treat the sludge before 
pumping it to the land. 


24973. What is the manurial value of the sludge 
obtained by the chemical precipitation of sewage at your 
works, and will farmers take it? | We have no data 
with regard to the exact manurial value of chemically 
precipitated sludge at our works. Farmers were in the 
habit of taking considerable quantities at one time. 
Our own farm bailiffs did not consider it a very good 
crop raising manure. 


24974. Does it contain any chemical poisons ?—he 
sludge did not contain any large proportion of chemical 
poison. 


24975. Do you find any nuisance from the treatment 
of sewage in chemical precipitation tanks ?—The treat- 
ment of sewage per se in tanks apart from the sludge 
question has never been a nuisance, nor have complaints 
ever been made with regard to it. 


24976. As regards septic tanks, how should they be 
shaped ?—The septic tanks in use at present are ordinary 
rectangular sedimentation tanks. They appear to work 
very well. We have, however, recently had the oppor- 
tunity of observing the behaviour of septic sewage in 
a Dortmund tank. This tank is of the shape of an 
inverted cone, and our observations indicate that it is 
very admirably adapted for the septic treatment of 
sewage, and that it possesses several marked advantages 
over a rectangular form of tank. 


24977. Should septic tanks be divided into sections ?— 
We have no data to show that there is any advantage to be 
derived from splitting the septic tank up into sections. 
All septic installations of lerge size must consist of a 
number of septic tanks, to facilitate inevitable cleansing 
operations. 

24978. Should they be used in series or in parallel ?— 
Septic tanks should be used in parallel. 


24979. Is a scum necessary or desirable ?—There 
appears to be no direct connection between the efficient 
working of a septic tank, and the presence or absence of 
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a scum. One may be tolerably certain, however, that 
the tank is working well if a scum is present. It is 
desirable to conserve heat in sewage and a scum may 
facihtate this to some extent. 


24980. Should the septic tank be closed in, and if so, 
what advantages does a closed tank possess over an 
open one ?—Our observations of a closed, as compared 
with an open septic tank extended over a pericd of six 
months or so. During that time no appreciable advan- 
tage in the use of a closed tank was observed, nor has it 
been observed that the 8 feet diameter sewer between 
the precipitation tanks and percolation beds, and which 
contains a quantity of sewage equal to 6,000,000 gallons, 
gives relatively better results than the open septic tanks. 


24981. What do you consider the best arrangement for 
the ‘‘ feed”? and “ draw off”? ?—In the Dortmund tank 
referred to above the “‘ feed ’’ is a large submerged pipe, 
coinciding with the axis of the cone and discharging ver- 
tically downwards, the mouth of the pipe being about 
15 feet under surface water level, or about half way 
down the tank. 

The ‘‘ draw off’’ consists of a trough running diamet- 
rically across the tank to which is attached a scum beard 
dipping into the sewage about 16 inches, this trough 
gives a weir space of twice the diameter of the tank. 
From the point of view of a septic tank this seems to be 
a most admirable arrangement. The tank is 33 feet 
deep and 44 feet diameter. 


24982. At what rate is sewage, asa matter of custom, 
passed through your septic tanks ?—The sewage passes 
through our septic tanks in about 10 to 12 hours. The 
septic action is prolonged in the main condnit for about 
6 hours more. The mean time occupied by the sewage 
in passing through the septic tanks is 9°28 hours, vary- 
ing from a maximum period of 17°8 hours to a minimum 
of 5°77 hours. The rates of flow which correspond 
with the above-mentioned periods, expressed in terms 
of feet per minute, are as follows :— 

Feet per minute 


Maximum - : - - - 0°43 
Minimum - - : : - 0°14 
Mean : - - - . - 0:27 


24983. What is the most advantageous rate of flow 
through septic tanks, and what is the rate of flow at which 
quicker passage through the tanks becomes, in your 
opinion, distinctly disadvantageous ?_ Why do you con- 
sider one rate more advantageous than another? Do 
you think that the rate of flow should depend on the 


4K 2 


Mr. 
J.D. Watson, 
M. Inst. C.E° 





18 May, 1905. 


Mr. 
J. D. Watson, 
M. Tnst. C.H. 


18 May, 1905. 





.tank liquor. 


628 


strength or character of the particular sewage which is 
being dealt with ?—The actual mean rate of flow 
through the first set of tanks is -87 feet per minute, 
and through the second set of tanks ‘32 feet per minute. 

This rate of flow is sufficient to set up most vigorous 
fermentation, and results in the destruction of very 
considerable quantities of organic matter, as evidenced 
by the copicus evolution of gas from the tanks, and by 
the increase in the amount of “‘ free ammonia”? in the 
A quicker rate of flow is detrimental to 
the septic action. The action is continued in the large 
conduit, the liquor taking something like 6 hours to 
traverse it. At the end of the conduit is a Dortmund 
tank installation, and here we have been able to make 
some interesting observations on the behaviour of this 
alrcady highly septic liquor. We consider that septic 
treatment of Birmingham sewage for a period of at least 
24 hours to be distinctly advantageous. At the present 
time this is as much as we can say definitely. The ob- 
served effect of additional septic treatment at the end of 
the conduit, in the Dortmund tank is a great increase 
in the number of micro-organisms in the tank liquor. 
We consider that the rate of flow should depend very 
largely on the strength and on the character of the par- 
ticular sewage to be dealt with—a stronger sewage re- 
quiring a longer time, and certain constituents of sewage 
being more easily broken down than others. 


24984. Is it possible to “over-septicise”’ asewage, and. 


if so, for what reasons, and how is the “ over-septicising ”” 
brought about ?—There is reason to think it possible to 
** over-septicise ”’ a sewage, though the data available on 
this point are not definite. Moreover, our remarks only 
refer to very concentrated sewages. Our observations 
with regard to the possible effect of “‘ over-septicising ’* 
were made on a domestic sewage which was being treated 
on a small double percolation plant. The flow per head 
was about 7 or 8 gallons per day. The “free ammonia ’? 
in the septic liquor was sometimes over twenty-two parts 
per 100,000, and the “ chlorine’? over nineteen parts. 
We could not induce a nitrification figure exceeding 
8 parts of nitrogen per 100,000. There was always a 
considerable reduction in the ‘“‘ albuminoid ammonia ’* 
figure in the final bed, but notwithstanding this the 
“free ammonia”. and the “organic nitrogen’: in the 
final effluent remained very high, indicating that the 
process of oxid.tion was taking place imperfectly owing 
to some inhibitmg cause. The fault would probably 
have been remedied by diluting the septic liquor. A 
highly concentrated sewage which is also highly septicised 
inclines to give rise to nuisance in warm weather. 


24985. What is the amount of digestion in your septic 
tanks, and how do you calculate this ? How far do you 
find that the digestion is affected by the atmospheric 
temperature ?—We are not in a position at the present 
time to give reliable figures with regard to the exact 
amount of digestion that takes place in our septic tasks. 
We hope, however, to have this information on a more 
reliable basis shortly. The most reliable figure we can 
give indicates that the digestion does not exceed 10 per 
cent. of the dry suspended matter entering the septic 
tanks. This, however, does not include the preliminary 
digestion which goes on in our large “‘roughing tanks” — 
now used as preliminary septic tanks—nor does it include 
the digestion going on in the large conduit which con- 
veys sewage from the septic tank proper. These latter 
figures are not available at present. We calculate the 
digestion by comparing the ‘“‘ suspended matter ** enter- 
ing and leaving the septic tanks. The digestion is 
appreciably affected by the atmospheric temperature, 
being much more vigorous in summer than in winter. 


24986. Do you think a certain amount of sludge should 
be removed periodically from septic tanks, or do you 
prefer to work them for a considerable period without 
cleaning, and then remove all the sludge ?—In answering 
that question it will be of some interest to give a brief 
sketch of the observations which led to the adoption of 
our present methods. 

The tanks were originally designed as precipitation 
tanks. Lime was added to the sewage in the proportion 
of about 12 grains per gallon, and the preliminary or 
“roughing tanks” as well as the final or “ finishing 
tanks ** were allowed to run until full of sludge.. The 
former were emptied about once a month and a week 
was required to empty them, the tanks being only three 


MINUTES OF EVIDENCE : 


in number at that time (5 years ago). The “ finishing 
tanks’? were emptied about once every three months, 
and there were 16 of these tanks. The liming operations 
were stopped in february, 1901, and septic action, which 


had been put into operation previously in an experimental - 


way, was promoted as far as possible, and no serious 
alteration was made in this plan till May, 1902. The 
result of the cessation of liming was arise in the “suspended 
solids’? in the roughing tank effluent from 16°3 parts 
per 100,000 in 1900 to 29°6 parts per 100,000 in 1901-02. 
The “finishing tanks’’ were now used as septic tanks 
and the suspended solids in the effluent from these tanks 
rose from 4°2 parts per 100,000 in 1900 to 25-9 parts per 
100,000 in 1901-02. There was a reduction of about 
b8 per cent. in the volume of sludge dealt with, owing te 
cessation of liming, and adoption of septic treatment. 

In June, 1902, two more “roughing tanks” were 
added to the existing three, and about this time the 
septic tank capacity was increased by nearly 50 per cent. 

As a result of the increase of “roughing tank” 
capacity, the quantity of sludge dealt with during the 
period from June, 1902, to March, 1903, rose about 23 per 
cent. (reckoned per million gallons of sewage treated). 

In April, 1903, new pumping plant for raising the sludge 
was brought into use. By means of it each “ roughing 
tank ”’ could be emptied once a week, instead of once 
a month, the whole operation being rendered expeditious. 
This meant virtually a considerable increase in effective 
tank capacity. More effective sedimentation still was 
obtained, the sludge removed per million gallons rising 
during the following year by 44 per cent., while the 
“suspended sclids”’ in the ‘“‘roughing tank” effluent 
fell from 29 parts to 17 parts per 100,006. ‘The * sus- 
pended solids ’? in the septic tank effluent fell during the 
same period from 23:2 parts to 13°1 parts per 100,000. 

A curious phenomenon was now observed in the septic 
tanks. The quantity of “ suspended solids’? was much 
reduced in the liquor being passed into these tanks 
and yet they began to silt up, whilst their activity as 
septic tanks was much reduced. This was accounted 
for as follows. The organisms in our crude sewage are 
remarkably few in number, such observations as have 
been made giving an average of 500,000 or so per c.c. 
The long sojourn of much of the sludge in the “ roughing 
tank ’’ under the old method of emptying (once a month) 
resulted in much putrefaction with consequent increase 
in the organic life in the tank liquor. The liquor, there- 
fore, being passed to the septic tanks was in an incipient 
septic state under the old conditions. Under the quicker 
methods of sludge removal this incubating ground for 
the microbes was removed, whilst the organisms alread: 
jn the septic tanks were deprived of much of the food 
(sludge) they formerly received. 

From May, 1904, to the present time septic action 
has been promoted as far as possible in the “roughing 
tanks’? by only partially removing the sludge from 
these tanks (7.e. the heavier solids). Also the lighter 
portion of the sludge which is removed from the “ rough- 
ing tanks’? 1s pumped into the “septic tanks.’2 By 
this means the activity of the latter tanks has been 
completely restored. 

A certain amount of sludge should be removed 
periodically from the septic tanks. The exact length 
of the period has not finally been settled. 


24987. How often would you clean out the septic tank ? 
—During prolonged observations of the behaviour of 
the sludge, an account of which is given in the foregoing 
answer, sludge which had been subjected to prolonged 
digestion in the septic tank possessed hardly any smell, 
and when pumped on to land might lie exposed for 
weeks or even months without giving rise to the slightest 
nuisance. Experiments were made during last summer 
to deodorize the fresh unsepticised sludge by the addition 
of chemicals, eg. calcivm hypochlorite, but the smell 
was only partially prevented thereby. The only effective 
means, therefore, of preventing nuisance by sludging 
operations, is to septicise the sludge. 
elimination of smell is far more important in our case 
than the actual reduction of the bulk of the sludge by 
septic action. Accordingly we are engaged at the present 
time in investigating the minimum time which is necessary 
for deodorizing the sludge in the septic tank. When 


we have done this we shall leave the sludge in the tank . 


just so long as is necessary to deprive it of smell, and 


Moreover, this 
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then remove it, provided the bulk was sufficient to 
warrant removal. 

24988. How do you think the sludge should be taken 
out of the tank, and how should it be disposed of ? Does 
any nuisance attend the operation 7— Generally speaking, 


tank liquor ?—Speaking broadly, the impurities in solu- Ur. 

tion in sewage are not materially different from those J. D. Watson, 
in a septic tank liquor. The proportions, however, Sf. Inst. C.H. 
between the relative quantities of the different con- 
stituents are undoubtedly considerably modified by the 18 May, 1905. 





it will be found to be expedient to remove sludge from 
a septic tank in fluid form; that is, the density of the 
sludge might be lowered by the addition of water until 
the liqu.d contains not less than 5 and not more than 
10 per cent. solid matter. In this form it can be ex- 
tracted irom the tanks through conduits by means of 
steam pumps, or run by gravitation into a storage tank. 
In large installations, involving the use of many septic 
tanks, it will be advisable to extract a proportionate 
share of the sludge from each of the tanks rather than 
to remove considerable quantities of sludge from one 
tank. If possible, the tank should be so shaped that 
the sludge can be extracted from time to time without 
running off the liquid contents overlying the sludge. No 
nuisance need attend this operation. 


24989. Do you find that the suspended solids coming 
away with the tank liquors tend to increase in amount 
towards the end of the period of working, i.e, as the 
time approaches for removing sludge from the tank ?— 
There is a tendency for the ‘‘ suspended” solids in the 
tank liquor to increase as the tank silts up. After a 
time, however, a sort of equilibrium is established, and 
provided that the conditions are kept pretty constant, 
the “suspended solids’’ in the septic tank effluent keep 
fairly constant also. 


249¢0. What amounts of suspended solids, stated 
in parts per 100,000, are contained in your septic tank 
liquor at the commencement of the period of working 
the tank, i.e., just after the tank has been cleaned out, 
and at the end of the period, t.e., when the tank is thrown 
out of use for the purpose of cleaning out, and what 1s 
the average amount ?—At the end of 1903 just after the 
whole of the septic tanks were cleaned out, the “sus- 
pended solids ” in the tank effluent fell as low as 4 parts 
per 100,000: about the middle of 1904 the suspended 
solids rose to 29 parts per 100,000. The average for 
the year was 19:5 parts per 100,000. 


24991. Should any portion or the whole of the sewage 
which arrives at the outfall work in storm times be 
passed through the septic tanks ?—There can, in our 
opinion, be no good purposes served by passing storm 
waters through septic tanks. The tank may easily be 
so upset by such procedure as to require some weeks to 
recover. At the same time septic tanks ‘have been 
subjected on several occasions to a volume four times 
the Gry weather flow without apparent injury. This, 
however, only for short periods. 


24992. If storm sewage is passed through a septic 
tank, does this cause an increase in the amount.of sus- 
pended solids issuing from the tank, and if so, can you 
give us figures showing what the increase is ?—If storm 
water is passed through a septic tank the suspended 
solids issuing from the tank are increased. The average 
for the year in one of the tanks through which storm 
water passed of necessity, is 29-1 parts per 100,000 of 
“suspended solids.” On several occasions the “sus- 
pended solids” rose, owing to storms, to 95-0, 70°0, and 
again 54°5 parts per 100,000. 


24993. May you admit storm sewage to vour septic 
tanks, to an extent which raises the ordinary level of 
the liquid, without serious detriment to the functions 
of the tank ?—Storm sewage may be admitted, but 
only to limited extent, to a septic tank, without serious 
detriment to the functions of that tank. 


24994. With certain automatic gear the level of the 
liquid in a septic tank fluctuates. Have you made 
any observations for the purpose of determining whether 
such fluctuations disturb the proper working of the tank 
in any way, as, é.g., by causing an increased amount of 
suspended solids to issue from the tank ?—We have made 
no observations on the lines suggested. 


24995. Do you find that septic tank liquor is more 
easily treated on filters than settled sewage or than 
precipitated sewage, assuming thatin each case youhave 
the s2me amount of suspended solids in your tank liquor ? 
We have no data on this point. 


24996. Are the impurities in solution in sewage ma- 
terially different from the impurities in solution in septic 


action of the septic tank. 


24997. Have you any data on the relative value of 
plain septic tanks; and septic tanks filled with rough 
stones or flints ?—There was no appreciable difference 
in the effluent. 


24998. Do you find any nuisance from the treatment 
of sewage in septic tanks ?—We find no nuisance from 
the treatment of sewage in septic tanks. 


24999. Do you think it desirable that the suspended 
solids in sewage should be removed as far as practicable 
before sewage is filtered ? If so, what do you consider 
a practicable limit to get down to ?—It is desirable that 
the suspended solids should be removed as far as possible 
from sewage before it is filtered. The practical limit 
to get down to is about 8 parts per 100,00¢ 


25000. How do you consider tha ihe removal of sus- 
pended solids can best be done ?—In view of the fact 
that the sewage is to be subsequently treated on 
bacteria beds, the best means of abstracting the solids 
is simple sedimentation in suitable tanks. 


25001. Have you any experience of any mechanical 
device or any special tanks for freeing tank liquor of 
suspended matter before delivering it to filters ?—Dort- 
mund tanks are very efficientin thisrespect. Theaverage 
of nearly a year’s observations show that 75 per cent. 
of the solids in suspension in septic tank liquor are ab- 
stracted by these tanks. 


25002. What other method of dealing with tank liquor 
before delivering it to filters do you regard as necessary 
or advisable ?—At present, it is not considered 
necessary or advisable to adopt any other method of 
dealing with tank liquor before delivering it to the 
filters. 


25903. May I ask you to put before the Commission 
a full statement of your views as to the comparative 
cost and relative advantages of the various methods 
of settlement. Iam not sure whether it would be possible 
for you to make this comparison on the assumption 
that in each case you reduce the same sewage down to 
the same figure for suspended solids, but if this could be 
done it would be useful to include a comparison on this 
basis. Kindly include the following methods so far as 
you have had experience of them :— 

Quiescent settlement without chemicals. 
Quiescent settlement with chemicals, 
Continuous flow settlement without chemicals. 
Continuous flow settlement with chemicals. 
Septic tank treatment. | 

Quiescent settlement on a practical scale has not been 
tried at Birmingham. 

Continuous flow setilement with cnemicals.—This pro- 
cess was in operation here for many years, and eventually 
abandoned in February 1901. A statement of the cost 
of the last twelve months treatment is as follows :— 


EM aids 
Cost of precipitation and chemicals on an 
average dry weather flow of 20,000,000 
gallons per day - - - - - 4,332 9 5 


Cost of power used in raising sludge from 
tank and depositing on land 259,512 
yards at ‘63d. per cubic yard” - - 

Materials and labour in tank cleaning at 
-571d. per cubic yard - - - - 

Stanking and trenching into land at 1:6d. 


681 4 6 

5 

sp Ese dies, 'L 
6 


617 8 


per cubic yard” - - : . 
8,496 cubic yards of detritus removed from 
tank by grabatls. - - : 


- 424 1A 


otal annual cost of sludge disposal 
during liming operations at 
7:2d. per cubic yard” - -£7,785 19 10 
The result of the continuous flow tank treatment 
under the method was as follows :— 
Dissolved Suspended 


solids. solids. 
Crude sewage - x 297 67°6 i parts 
per 
Tank effluent : wo tco: OC 16°3 100,000 
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The period of sedimentation in tanks was 3} hours. 


J. D. Watson, Nuisance frequently occurred in tank cleaning operations, 
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3,932 cub. yds. detritus removed 


and in subsequent dealing with the sludge on land. The 
purification effected is shown on the analysis above 
given, also the annual working cost of the method. 


Continuous flow settlement without chemicals.—'Lhis 
process was commenced in February, 1901, and is in 
practice at the present time. A statement of current 
expenses incurred by this treatment for twelve months 
is as follows :— 


Year ending 30th April, 1905. 
£8.) 20.6 1S eS uel: 
Labour in tank cleaning :— 
Workmen’s wages - 
Clothing, tools, ete. - - 


- 561 11 8 
20 0 0 5811] 8 
Working expenses of steam plant 
and attendance :—. , 
Engineers and stokers - 385 11 8 
Oil, waste, ete. - - - 2016 O 
Coal - - - - - 557 8 0 963 15 8 
Trenching into ground and cover- 
ingin - - 1,538 1 8 
by grab and taken to tip at 1s. 
per cub. yd. - - : - 196 12 90 


‘Total annual cost of removal and 


disposal of 203,696 cub. yds. of 
sludge (equivalent to 3°864d. 


per yd.) - - - oe : £3,280. 1 0 





Interest on £10,000 and repay- 


ment in 22 years at 33 per cent. 
(equivalent to 796d. per cub. 
yd.) - - - - - 


Current exrenses - 3°864 
Interest and repay- 


£675 11 0 


SESS 
Sos eS 


ment 3 - 0°796 
ere Total - 4°660 


The result of this treatment on tank effluent is as 


follows :—- 


Dissolved Suspended 


solids. solids. 
Crude sewage - - 120°2 60-0 ts! 
Preliminary settlement pars 
tank) sig =. LA ro mene 
Septic tank : - 112°3 21:0 : 


The time occupied passing through the tanks was 
about twelve to thirteen hours. No nuisance has occurred 


either in tank cleaning or land sludging operations. 


The purification effected is shown on the analysis given 
above, and the annual working cost of the system. 


25004, As regards continuous or percolating filters, 
what do you find are the best filtering materials, and 
what size should the material be ?—We find the following 
to be very good filtering materials :— 

(1) Granite. 

(2) Broken bricks. 

{3) Selected slag. of 
(4) Gravel. 

(5) Furnace clinker, 


They are arranged in order of their merits. Broken 
brick is a good hard material, but tends to break in the 
“cracker”? into flat particles. Gravel has too smooth 
a surface, and on this account is not so satisfactory as a 
support for the organisms growing on it. 


The best sizes for materials can only be satisfactorily 
settled after prolonged and exhaustive tests. As far as 
our experience goes, the top 9’-12” should consist of 
#” to 14” cubes. Immediately underlying this, a layer 
12” deep consisting of 4” (say) cubes is inserted. The 
remainder below this should be as near as possible of 
from 2” to 3” cubes. 


The larger top layer reduces the tendency of the bed to 
choke on the surface, whilst the smaller succeeding layer 
holds the sewage up longer, thereby ensuring better 
purification. The smaller medium in the upper layers 
tends also to correct the inequelities in the distribution 
of the liquid owing to a faulty distributor. 


MINUTES OF EVIDENCE : 


25005. What depth should a percolating bed be to 
obtain a good effluent ? If this varies with the quality of 
the liquid going on, or with the size of the filtering material, 
please state how it varies, what depths you require for 
different liquids, and how you distinguish one liquid 
from another, 7.e. what analytical figures you would 


rely on for this purpose ?—The minimum depth of a 


percolating bed which is to produce a good effluent is 
5 feet; our new beds are 6 feet deep. The rate of puri- 
fication of a foul liquid passing through a bacteria bed 
is very largely dependent on the length of time the liquid 
is maintained in intimate contact with the surfaces of 
the particles of medium in the bed. Consequently from 
this point of view the medium should be comparatively 
small in size, and the depth of bed and size of medium 
are within narrow limits reciprocal quantities. When 
the medium is reduced beyond a certain point the bed 
easily chokes and becomes waterlogged. 


The ‘‘oxygen absorbed” figure is that which would 
be used for comparison. Only one sewage has been 
treated on the beds. The following figures show approxi- 
mate variation :— 


Tank Liquor. Bed A. Bed E. 
9867 1°833 1-667 
6°833 1-367 1-433 
12°335 2°632 2°714 
10-441 2°132 2°353 
14-964, 2°014 2°957 


25006. Do you think it generally desirable that sewage 
should be subjected to some form of tank treatment 
before it is put on percolating filters 7—Yes. 


25007. Is the material better disposed of in the form 
of two beds, to be fed in succession with the same liquid, 
or in one deep bed ?—On the whole the medium is probably 
better disposed, from the point of view of the quality of 
the effluent alone, in two beds. There are, however, 
other extremely important considerations to be remem- 
bered in making this comparison. 

(a) The two shallow beds are more costly to con- 
struct than one deep one. 

(b) The ‘‘ suspended solids” in the effluent from 
second shallow bed will not be less than that from 
the primary bed. 


A good effluent can be obtained from filters having a 
depth of 6 feet. The most important feature is the time 
the liquid is kept in the bed. The measure of a per- 
colating bed*is the volume of liquid which can be put on 
without washing out the organisms present in the filter 
apart from the quality of the liquid. It will probably 
be found that the rate of distribution will be approxi- 
mately equal for most qualities of liquid, the purification 
being obtained by regulating the depth of the bed and 
to a certain degree the size of the medium, but with very 
small medium, the question of capilliarity becomes an 
important one, as a large percentage of the air space 
of a bed may be lost, instancing as an extreme case a 
bed of sand, which would be entirely waterlogged and 
choke up in a few days. 


in the case of a secondary filter, which deals with 
liquid partially purified, the elimination of the remaining 
impurities is much more difficult than the first reduction, 
and it would seem that the depth of a second filter should 
be greater than the primary bed. 


25008. How should percolating filters be fed ?—Per- 
eolating filters should be fed by sonx device which 
distributes the liquid uniformly over the surface of the bed, 
Various types of distributors have been used on our works, 
Self-propelled distributors are s0 far unsatisfactory, 
as the power developed is not sufficient to drive the ma- 
chines in windy weather. The holes in the arms of the 
distributor must be of a fairly large diameter. If the 
number of holes is reduced uneven distribution is the 
result; the liquid issues from these holes in the form of 
a cylindrical column. There is also a considerable 
amount of wear on the moving parts, which require con- 
stant adjustment and renewal. 


Cost of distr butcrs per acre of filter, including seccndary 
supply pipes and washout, but not including the main 
supply pipes to the installation. Nos. 1, 2, 3, and 4 
are in units of one-fourth acre and No. 5 in units of 
one-seventh acre. 


a 
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25012. Is there any practical advantage in artificially Mr. 


Washout 











Dis- Supply heating the liquid which is being treated upon percolating J. D. Watson, 

= tributor Pipes Pipes Total tae ?—We ae 2f PERC APa the sent of artifici- M. Inst. C.E. 
a eating the liquid which is being treated on a per- 

per acre. | per acre. | per acre. 2 i bed q g Pp 18 May, 1905. 
£ £ £ £ 25013. Have you had any experience to show whether 
Nod sticks 1,320 336 50 1,706 open sides are an advantage to a percolating filter ?— 
With open sides, somewhat better and brighter effluents 
Diner 640 336 50 1,026 are obtained on windy days, and at that time a filter with 
open sides (if one should be at rest) dries much quicker 
BAF welic 640 336 50 1,026 and better than would be possible if the bed were sunk in 
the ground. If the site for filters is not naturally such as 
Ameria” 2 2,940 336 a 4,276 to settle the question whether the beds are to be above 
YY ground, it is not worth while to excavate a large area, 
a ere 250 736 986 simply to enable the filters to be built above ground, 





The revolving distributors are each 120 feet in dia- 
meter. This is the largest practicable size for these 
machines. 

The system of spray jets where sufficient head is ob- 
tained is much the best. If anything, the cost is slightly 
less than the other types and the supply of liquor is under 
perfect control, as the bed is divided into any convenient 
numbers of distribution units which can each be regu- 
lated to distribute any desired volume. Should portions 
of the bed show a tendency to become waterlogged, the 
pipes can be washed out without interfering with the 
remainder of the bays. 

There are no working parts to be adjusted or renewed, 
and with the improved type of jet now used the cleansing 
of the jets 1s easily and quickly effected. The distribu- 
tion is more perfect than the revolving distribution, and 
the liquid is put on the surface in the form of a fine spray. 
The cost of improvement is very small, the jets sufficient 
for one acre, costing from £25 to £30, whereas the dis- 
tributors Nos. 1, 2, and 4 (which were the first of their 
respective types) have been vastly improved recently, 
but it is impossible to take advantage of this without 
removing the whole of the machine at a cost per acre 
of some £600, £800 and £2,000 respectively. 


25009. Should the feed be intermittent or continuous ? 
—Taking all things into consideration the best results 
are obtained from a continuous feed, that is continuous 
during the period the bed is working, but the filter requires 
periodical rests. 


25010. What is the best form of distribution : What, 
in your opinion, are the conditions which have to be 
fulfilled by a perfect distributor, having regard not merely 
to the distribution of the liquid itself, but also to the 
purification of the liquid and the life of the bed ?—One 
of the best forms of distribution is that obtained by 
means of a good spray-jet. Certain forms of circular 
distributors are extremely gcod, but they are not so 
invariably reliable. 

The conditions which have to be fulfilled by a perfect 
distributor are the following :— 


(1.) Uniform distribution of the liquid on the 
bed so that each unit of aree receives the same quan- 
tity of liquid. 

(2.) The liquid should be delivered by the ais- 
tributor in the form of fine rain or drops. 

(3.) The distributor should be absolutely under 
control. 

(4.) A reasonable capital cost. 

(5.) The less moving or working parts the better. 

(6.) The working cost should be as small as pos- 
sible. 

(7.) It should not require a large expenaiture 
of energy to distribute the liquid. 

(8.) There is no great advantage in open troughs, 
as any solids which will not pass the ordinary dis- 
tributor should not be allowed to lie on the surface 
of the bed and choke it. 


25011. Do you think it best to put on the filter a fairly 
constant amount of liquid, or do you consider that the 
amount can be increased in times of storm without im- 
pairing the efficiency of the filter or the quality of the 
effluent ?—It is best to put on the percolating filter a 
fairly constant amount of liquid. The quantity of liquid 
may be considerably increased in time of storms of short 
duration without very seriously impairing the filter. The 
effluent, however, would probably suffer in consequence. 


but provision should be made at each end of the bed to 
allow a current of air to pass under the filter as well as 
enable the floor to be washed out. In a large scheme it 
will probably be found that it is more economical to clear 
the whole site, than to leave comparatively small por- 
tions of unexcavated ground between the beds; even 
this ground would have to be opened to receive the 
supply and effluent pipes. 


It is more economical to support the medium by 
rough retaining walls than to allow the medium to take 
its natural slope, both in cost and in the large saving of 
land required for an instal]lation of filters. 


Cost of Sloping Medium. 
(Per acre of rectangular beds.) 


Sa WEE tek 
Excavation - : - ae OE eS ae 
Concrete - - - - st auShys B40. 
Tiles - - - - - = eO LORGD 16 
Coping - - - - ot PRIQHIDT AG 
Medium = = - - =) 247-16)" 3 
481 11 11 

Pipes, etc. - - - - ee LO 
£500 O O 
eee, 

Cost of Rudble Wall. 
(Per acre of rectangular beds.) 

Wall - - - - - => Ona) 
Excavation - - - - 1 he WsaP 
Concrete = - - - - 1 LER 
£244 8 QO 


25014. Have you made any study of the conditions of 
xration of percolating filters 7—No. 


25015. What do you find is the most convenient super- 
ficial area for a percolating filter ?—This depends entirely 
on the shape and configuration of the site available. A 
large filter is economical and with certain types of dis-- 
tributors, such as spray jets, etc., can be divided into com- 
paratively small units or areas necessary for efficient and 
economical working. 

In the case of filters fitted with revolving distributors, 
one quarter of an acre is the maximum unit. Distribu- 
tors can of course be grouped on a large bed, with the re- 
sulting loss of area in the portion outside the travel of the- 
arms. 


25016. Do you think it desirable that the bottom of a 
percolating filter be raised from the ground ?—Yes. The 
provision of a false floor and air space beneath a filter ig 
absolutely necessary for mechanical reasons apart from. 
the better weration of the effluent. A false floor provides 
room for the settlement of sediment formed in the bed, and 
the bottom layer of medium is not allowed to choke up, 
as the sediment finds no difficulty, assisted by gravity~ 
and the trickle of sewage, in getting to the bottom of the 
bed. It is obvious that sediment cannot force its way in 
a lateral direction along the floor of a bed through the: 
intricate passages of the medium. The lower layer of 
medium is not waterlogged when placed on a false floor, 
a circulation of air is maintained, and the sediment can 
easily be washed out. A false floor will result in economy, 
as it obviates the necessity for taking out the medium 
periodically for cleansing purposes. 


Myr. 


J.D. Watson, 


M. Inet. C.E. 
18 May, 1907. 
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25017. Do percolating beds, in your experience, choke ? 
If so, have you been able to measure the rate of choking, 
and how do you suggest that this choking can be removed, 
and at what cost ?—To a certain extent, yes. The top 
layers of media in filters become choked (after about four 
to six weeks work) with a viscid substance which prevents 
the water percolating through, and this necessitates giving 
the filter a rest, the extent varying with the weather, etc. 
This matter can either be removed by loosening the surface 
with a fork, or by drying and resting for a time. On 
restarting the filter a large increase in suspended matter 
is apparent for a short time, (one or two days,) due to the 
dried matter being washed through the bed. After 
flushing out the tile floors the bed becomes as free from 
obstruction as when it was first started. The cost of thus 
removing obstruction is but trifling. In one of the beds 
not provided with a false floor, it was found after twelve 
months working that the bottom layer of medium was 
silted up to a depth of from 1} inches to 1? inches, and 
after nineteen months work to a depth of from 2 inches to 
24 inches. 


25018. Of what nature are the suspended solids in the 
filter effluent ? How much is organic matter, and are 
they putrescible apart from the liquid portion of the 
effluent ?—The suspended solids in the filter effluent are 
partly mineral and partly organic. Tne mineral portion 
is chiefly very finely divided, consisting io part of fine 
sand, some of which no doubt is derived from the sewage, 
and some from the medium ofthe bed. Much of the 
mineral matter is hydrated oxide of iron which has been 
derived from iron in the sewage. We have reason to be- 
lieve that this iron is thrown out of solution by the action 
of certain organisms growing in the ked. The organic 
matter seems to be due to the bodies or organisms, living 
and dead, which are washed from the bed by the liquid. 
The sediment contains almost invariably a figure approxi- 
mating to 30 per cent. of organic matter. 

The following description is taken from the laboratory 
note book :— 

General appearance.—This sediment adhered to the 
floor of the bed in lumps, red worms being emhedded in 
the slimy mass. It is almost black in colour and has a 
very rank earthy odour when fresh. It becomes foul 
on standing a few days. 

The suspended solids when run on land quickly dry, 
and do not appear to putrefy, and give off no appreciable 
odour. 

Microscopic appearance.—When a little of the slime is 
teased out on a slide, it aypears to consist chiefly of 
amorphous matter, partly yellow and partly dark (hydrated 
oxide of iron). Microscopic filamentous growths of 
various kinds permeate the mass. 

25019. To what extent do you find that the organic 
niatter of the suspended solids issuing in the effluent from 
a percolating filter is different from the organic matter 
of the suspended solids going to that filter?—The organic 
*“ suspended solids”? going to the 
filter is over 58 per cent. of the solid matter. Much of this 
organic matter represents the residues from the decom- 
position of organised structures, but it also contains many 
living organisms, some of which are filaments. The organic 
matter present in the ‘‘ suspended. solids ”’ issuing in the 
effluent from a percolating filter seems to consist almost 
entirely of living and dead organisms and mucilage. It 
constitutes rather less than a third part of the suspended 
solids. 

25020. Have you any experience of, or any suggestions 
to make on, the settlement or other separation of the 
suspended so.ids issaing from a percolating filter? And 
to what minimum figure do you think such settlement 
or other final treatment can be carried as a practical 
taeasure ?—-Experiments have been made on (1) Down- 
ward sand filtration; (2) upward sand filtration; (3) 
sedimentation in long shallow trenches; (4) sedimentation 
in shallow tanks; (5) sedimentation in deep tanks. 

(1) The suspended solids can be eliminated very 
successfully by this method, the effluent containing 
from a trace to about one part per 100,000. It is, 
however, a costly method, both in capital cost and in 
working expenses. 

(2) A difficulty is experienced in properly cleaning 
the filter ; it would not bé Successful on a large scale. 

(3) This method removes the bulk of the suspended 
matter, the effluent containing an average of about 
five parts per 100,000 ; frequent cleaning is necessary. 


MINUTES OF EVIDENCE ¢ 


(4) This method was not successful, the surtace 


velocity carrying a large proportion of the suspended ~ 


solids over the weir. By means of a tank which has 


been called the ‘‘ Birmingham Separator,” the sus- 


pended matter may be eliminated at a cost of about 
ls. 6d. per million gallons, 


25021. Do you find that the suspended solids in your 
filter effluent vary much in amount from time to time, 
and if so, can you explain the causes of such variation ?— 
The suspended solids vary very considerably at times in 
our filter effluent. We cannot always explain the reason 
for the variations. We find, however, that whenever a 
bed has been thrown out of use there is a considerable 
rise in the suspended solids when the bed is re-started. 
It often takes the bed several days to return to normal 
conditions in this respect. 


25022. What was the cost of your percolating bed 
installation per acre, and how much liquid do you treat 
per acre per 24 hours ? 
filter, and an average analysis of the liquid which you 
put on, and an average analysis of the effluent when 
working at the ordinary rate, and when working at a 
greater rate in storm times. In each case J should like 
you to give the figures for suspended solids, if you have 
them ?— The cost per acre of the Birmingham filters 
for a complete installation of 15 acres, including main 
supply and effluent conduits, etc., but not including land, 
is £6,300 per acre. The volume treated per acre is 
750,000 gallons per day. The depth of the filter is 6 teet. 

N.B.—Great stress is laid on the fact thac the quality 
of the medium put in the ved very materially influences 
the cost. In the beds referred to above every precaution 
has been taken to ensure that the medium is of a per- 
manent character. If an inferior and cheaper quality 
of medium is used the inevitable expense due to subse- 
quent breaking down, replacement, etc., will rapidly 
bring the cost up to that of the better class material. 
Also when the medium gives trouble the bed has to be 


frequently thrown out of use, thereby rendering the bed - 


useless for considerable periods. 


25023. Have you made any experiments which throw. 
light on the action of percolating filters, with regard to 
the oxidation of the ammoniacal and organic matter 
in solution, and the organic matter in suspension ?— 
With regard to the ammoniacal and organic matter in 
solution, no direct experiments have been made to throw 
light on these points. It has been observed, however, 
thafi with very efficient aeration the first action is oxida- 
tion of the ammonia with comparatively little action 
on the organic matter. When the aeration is less 
efficient, and the sojourn of the liquor in the bed pro- 
longed, ¢.e., by use of smaller sized medium, a lower nitri- 
fication with greater elimination of gaseous nitrogen and 
reduction of dissolved organic matter takes place. 

As our beds are usually constructed, the organic matter 
in suspension appears to be retained in the upper layer 
of the bed, that is in the first 15 inches. The medium in 
this upper layer is in most of the beds of smaller size 
than that lower down in the bed. The particles of 
medium becomes thickly coated with a layer of black 
matter in which putrefaction, rather than direct oxida- 
tion, would seem to predominate. Probably the action 
going on here is of the nature of symbiosis. There is a 
sharp dividing line between the layer and the brown 
medium (the colour being no doubt due to ferric hydrate) 
immediately below it, and this is the normal condition o 
a healthy bed. 


25024. Have you evidence to show that ammonium salts 
and organic substances in solution, not cf a colloidal nature, 
pass rapidly through a percolating filter, or that they 
are first absorbed by the filtering material or by 
growths on that material, so that their passage through 
the filter is a very gradual one ?—From observations on 
filters generally, we incline to the view tthat the capacity 
of a filter for abstracting dissolved matters from the 
liquid passed through it is very largely, if not entirely, 
a function of the proportion of medium surface presented 
to the liquid. For instance, in large medium with a 
small quantity of liquid a high degree of oxidation is 
obtained, but if the quantity of liquid is increased the 
amount of change taking place in the dissolved matters 
falls off very rapidly. As the medium is reduced in size 
the rate at which liquid can be put on the bed may be 
increased to a much greater extent before the effluent 


Please give the depth of the 
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shows the same amount of unaltered constituents as in 
the larger medium with less liquid. This was exemplified 
very markedly in the case of a j-acre bed where the 
medium in one half (on one side) of the bed consisted 
ot particles twice as large as in theother half. The 
smaller medium gave the best effluent. 


25025. Have you observed the effects of changes of 
atmospheric temperature on the working of a percolating 
filter ?—The ordinary changes of temperature do not 
appear to affect the filters in a measurable degree, but in 
winter the purification appears to be less than in warmer 
weather. Jn very severe weather ice forms on portions of 
the beds, but has not except in the case of a rotary dis- 
tributor been sufficient to stop the working of the filters, 
and even this was due to an exceptional frost of 21 degrees. 


25026. Have you found any trouble from vegetable 
growths in percolating filters? If so, have you been 
able to form any opinion as to the causes of these growths, 
and as to the way in which the growths can be prevented ? 
—On the surface of some of the percolating filters, vege- 
table growths of the nature of cladothrix give some 
trouble by choking the surface of the medium. This 
can be prevented to a certain extent by forking over the 
bed. | 

25027. Do you find any nuisance from the treatment 
of sewage on percolating filters ? Have any complaints 
been made ?—There has been no nuisance, and no com- 
plaints have been made. 


25028. Would you kindly compare the cost (initial 
expenditure and annual upkeep and working), and 
relative advantages of percolating filters and contact 
beds. Do you consider that one form is best for some 
kinds of sewage, and the other form for other kinds of 
sewage ?—The first bacterial filters with which experi- 
ments were conducted here were “‘ contact ’’ beds. These 
were observed to choke up or lose their water-holding 
capacity so rapidly that it was apparent that a serious 
item in the cost of upkeep would be the expense of washing 
the medium. Several heds were then constructed as 
percolation filters. Provided that a false floor was 
constructed so that the bottom of the bed was kept free 
and open, the percolation filter never choked up. Also 
the percolating filter was capable of taking much more 
water per square yard, than the contact bed, and the 
area occupied by the percolating plant would be thereby 
correspondingly reduced. One of the most noteworthy 
differences between contact beds and percolating filters 
is that the former seem to retain more solid matter in 
the bed, and therefore choke up, whilst the latter do not 
retain the solid matter, and provided that the bed has 
a false floor will not choke up. One percolation bed 
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which has been working almost without a stop for 1 year 


Mr. 


and 9 months has been opened up by us quite recently J. D. Watson, 
down to the floor of the bed, and the medium was found . Inst. C.E. 


to be.even cleaner (free from dust) than when it was put 
in. There is, of course, more suspended matter in the 
percolation bed effluent than in the contact bed effluent. 
As far as cost of upkeep goes it resolves itself into com- 
paring the annual cost of cleaning and renewing the 
medium from a contact bed with the cost of removing 
the suspended matter from a percolation bed effluent. 
A greater loss of total combined nitrogen takes place 
normally in a contact bed as compared with a percolation 
bed. This is in favour of the contact bed. On account 
of this latter fact a highly nitrogenous sewage would be 
best treated in a contact bed. In fact it has been ob- 
served that in a sewage containing nitrogen largely in 
the form of sulphocyanides the loss in nitrogen was 
greater on contact beds than on percolation beds. 


25029. Do you find that the chance of nuisance is any 
greater with one form of filter than with another ? 
Does the risk of nuisance depend on the kind of sewage 
which is being treated, or on the nature of the preliminary 
treatment to which the sewage has been subjected ?— 
Certain forms of distribution, viz., the spray jet which 
delivers the liquor in the form of fine rain, gives off more 
smell than those delivering the liquid in sheets or columns. 
Such smell does not, however, amount to a nuisance. 
Septic sewage generally gives off less objectionable 
smell than non-septic sewage. During the first summer 
that septic sewage was applied to the farm lands here 
residents asserted that the smell observable was 
very greatly reduced thereby. Our own observations 
confirm this. 


In the case of sludge which has not been subjected to 
septic treatment the smell is most offensive, whereas in 
the case of septic’sed sludge the objectionable odour 
is conspicuous by its absence. 


25030. Have you made any comparative observations 
which show how many gallons per cubic yard per 24 hours 
of your tank liquor or tank liquors could be satisfactorily 
purified on a percolating filter, and how many gallons 
per cubic yard on a contact bed? If so, would you kindly 
state the results, at the same time telling us in precise 
terms what was the composition of your tank liquor or 
tank liquors, and what you are considering to be a satis- 
factory effluent ?—There are no reliable records to hand 
of the exact quantity of liquid being treated on our 
contact beds. 

On percolation filters 60 gallons per cubic yard of tank 
liquor is being treated per 24 hours with the following 
results :— 


TANK LIQUOR. 

























































































| 
Suspended Solid. Oxygen Absorbed. 
Dissolved Free Albuminoid : 
Solid. Ammonia. Ammonia. ae 
Total. Organic. Unfiltered. | Filtered. 
94:6 8-1 4°7 6-677 547 19-5 12-006 8-510 
PERCOLATION BED EFFLUENT. 
| 
Suspended Solid. Nitre Oxygen Absorbed. 
Dissolved | Free | Albuminoid pe Sata tes and... 
: | ; : Chlorine. INGIP EEC Bi yi eo 1g 
Solid. ) Ammonia.| Ammonia. as Witeopen 
: Total Organic. | ~~" | ‘Unfiltered. Filtered. 
107°5 | 4°6 2:3 ‘976 162 | ia 3°359 1-620 = 
| | 
This efiluent from the percolation filter is considered highly satisfactory. 
6225—Ap. I 41 


18 May 1905. 
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with it a large proportion of organic matter. Analyses 
have shown it to frequently contain 45 per cent. of organic 
matter. The heavier portion of the grit, containing 
about 50 per cent. of water, can be rapidly removed by 
a grab attached to a steam crane, into spoil tip wagons, 


Mr. 25031. Could you express an opinion as to how the 
J. D. Watson, number of gallons would vary with variations in the 
M. Inst. C-E. strength of your tank liquor, and on what figure or figures 
you would rely for defining the “strength * ?—The 
18 May 1905. Guantity of liquid treated on the bed would vary within 


——— narrow limits and approximately with the “strength ts 
of the tank liquor. The figures on which most reliance 
would be placed in defining the tank liquor would be 
those for the ‘‘ Albuminoid Ammonia ”’ and the “ Oxygen 
absorbed,” more frequently the latter. 

The following figures for “oxygen absorbed ” illus- 
tate the variations in the tank liquor and effluent 
respectively :— 














Volume Volume 

treated on treated in 

Silt tenk | Effluent | Bed A in Effluent Bed E in 

liquor. Bed A. | gallonsper| Bed #. | galls. per 

sq. yard sq. yard 

per day. per day. 
11°556 1:722 59 2:000 79 
15:761 1:957 59 1°848 79 
12°772 2-022 59 1°782 79 
9:005 1:555 59 1:430 79 
11°709 1°990 59 1:709 90 
13°384. 1°663 59 2051 99 

13°577 2°056 59 1°833 90 . 
11°450 2250 59 2-500 90 











25032. Have you had any experience of storm water 
filters ?—In 1901 an installation of No. 8 Storm Water 
Filters, each half an acre in area, containing three feet 
of screened gas coke, were constructed and brought into 
use at our Saltley Outfall Works. They have been 
regularly in use for the last four years. As the result 
of this experience it may be said that the purification 
effected is most irregular and quite negligible in propor- 
tion to the cost incurred. The storm water, previous to 
being passed into the filters, is passed through sedimenta- 
tion tanks in conjunction with the sewage which is treated 
thoroughly. The surface of the coke becomes rapidly 
choked, and urless they are frequently cleaned or forked 
over it is impossible to retain them in working condition, 
and even when this is effected the effluent which first 
comes from the filters after a period of rest is generally 
foul. 

25033. Do you consider storm water filters lose any 
of their efficiency by being used only intermittently at 
long intervals ?—If the efficiency of storm water filters 
is assumed to depend on their biological condition, then 
most decidedly they lose by being used intermittently 
at long intervals. If, however, as is more probable, their 
efficiency depends on their power of mechanically 
abstracting the suspended matters from the storm water, 
then they do not lose by long rests. 

25034. Have you any practical suggestions to make 
for disposing of sludges, t.c.:—(w) sewage screenings : 
(6) material from detritus tanks: (c) sludge from pre- 
cipitation tanks: (d) sludge from septic tanks: (e) 
sludge from settlement tanks ?— 

(a) Sewage Screenings.—The operation of screening 
sewage beyond the point when materials are eliminated 
which will choke or otherwise interfere with the proper 
working of suction pipes and other sewage plant, is to 
be deprecated. It is generally more economical to 
screen the sludge as it is being pumped from the tank 
than to screen the crude sewage. These sludge screenings 
are tipped on a spoil bank and buried. Where we have 
screening plant for the sewage, the screenings are dis- 
posed of by tipping on adjoining vacant ground. from 
which they are subsequently removed by our farmers 
for manuring purposes. Otherwise the screenings should 
be drained rapidly, and within <wenty-four hours either 
burned in a furnace or covered over with soil. 

(b) Material from detritus tanks.—Qur experience shows 
that the heavy detritus and grit invariably carries down 


and thereby, on to a spoil tip. As *t becomes offensive 
on exposure for a few days, it is covered over with soil 
within two hours of its deposition. This matter amounts 
to an average of 46 cubic yards per million gallons of 
sewage (dry weather). It is practicable to dispose of the 
bulk of the grit by working it in with the tank sludge 
which is pumped to the land. Its presence in the sludge 
is desirable, as it improves heavy land. 

(c) Sludge from precipitation tanks.—Chemically pre- 
cipitated sludge is generally offensive, and gives rise 
tw much objectionable smell in the vicinity of the tanks 
during the cleaning and emptying operations, The 
sludge from such tanks should be removed frequently, 
rapidly, and systematically, and remain exposed to the 
air as short a time as possible, whether in the tanks or 
on the land. The sludge is pumped into trenches on the 
land, and is covered in with soil as expeditiously as 
possible. Some five or six years ago it was the practice to 
pump such sludge into shallow lagoons, thereby causing 
a large surface of the sludge to be exposed for considerable 
periods. The nuisance caused at that time was conse- 
quently very great. In all these operations perturbation 
should be reduced to a minimum. 


(d) Sludge from septic tanks.—If sludge has been 
subjected to digestion in septic tanks for a sufficiently 
long period, it loses its characteristic pungent and offep 
sive odour. It may be either pumped into trenches 
as indicated above, or even put’on the surface of land 
and exposed to the air till dry, without giving rise to 
smell; when thus treated it rapidly settles down in 
bulk, and as it dries the surface cracks up. In the course 
of a few months it assumes the appearance of a rich 
black soil. 

An analysis of this sludge gave the following results :— 


per cent. 
Total organic matter in dry sludge - ” - 44°67 
Total organic nitrogen in dry sludge - — - - 2:47 
Siliceous matter (sand, etc.) : ‘ - 20:00 
Oxide of copper - - - - - - Seba BPG | 
Oxide of iron and aluminium - - : - 20:00 
Other metallic oxides (about) - : - - 12:00 
Oxides of phosphorus and alkalies (about) - 2°00 


. (e) Sludge from settlement tanks.—The remarks under 
section (c) above apply to this sludge also. 

25035. Do you find that some methods of disposing 
of sludge are more likely to cause nuisance than others ? 
—Yes. The sludge from precipitation and settlement 
tanks when disposed of on land in flat lagoons gives 
rise to great nuisance. Our present method of putting 
the sludge into trenches and covering in quickly has 
reduced the nuisance very greatly. Again it has been 
found that after the first dose of crude sludge has been 
put in the trenches, if a dose of weil digested septic 
sludge is put on top of it, the nuisance is thereby 
prevented. 


25036. What, in your opinion, constitutes a good 
effluent ?—A good effluent should satisfy the following 
conditions :— 

(1) It should be non-putrescible. ‘ 

(2) It should not contain much dissolved organic 
matter, 7.¢e, the “albuminoid ammonia”. figure 
should not exceed *20 parts per 100,000, and the 
*“ oxygen absorbed in four hours ”’ figure should not 
exceed 2°00 parts per 100,000. N.B.—An effluent 
may contain considerable quantities of organic 
impurity and still be non-putrescible owing to the 
large quantity of available oxygen also present 
in the form of nitrates, etc. The objection to such 
an effluent lies in the fact that it usually furnishes an 
excellent pabulum for the growth of organisms of 
various kinds. 

(3) It should not absorb “ dissolved oxygen’: 
at an excessive rate. 

(4) The mineral suspended matter in such an 
effluent should not exceed 1 to 1°5 parts per 100,000, 
and the organic suspended matter should not exceed 
1:0 to 1°5 parts per 100,000. 

(5) On standing for, say, one day, the clarified 
effluent ought not to deposit more than 1 to 2 parts 
per 100,000 of solids from solution. 
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25037. Do you consider that the type of effluent 
from a contact bed is superior or inferior to the type 
of effluent from a percolating filter ?—A bacteria bed 
ought to be viewed as an engine of destruction. That 
is to say, that although its primary function is to render 
the liquor passed through it innocuous, it ought to do 
this preferably by eliminating as far as possible the 
objectionable constituents of the sewage, and not merely 
by fixing them in the liquid in a mineralised form. For 
instance, the nitrogen of organic matter ought to be 
converted as far as possible into gaseous nitrogen, and 
not into nitrate. The nature of the conditions in a con- 
tact bed are such as to favour this reaction to the 
exclusion of any other, z.c. the freedom of its action is 
very limited. However, not the least of the advantages 
possessed by a percolation system is the large degree of 
latitude permissible in the construction of the filter, 7.e., 
itis a matter of comparative ease to construct the bed 
so as to produce any desired result. -For instance, a 
jand filter is a percolation filter, and it is not possible to 
produce a better effluent by any means practicable than 
the effluent from a well-managed plot of suitable land. 
In constructing a percolation filter, therefore, one should 
aim at ensuring the production of an effluent approxi- 
mately to this, without materially sacrificimg the 
advantages of the percolation filter per se. In other 
words, if it is considered desirable there is no reason why 
the effluent from a percolation filter should be materially 
different from the effluent from a contact bed. 

25038. What test or tests do you chiefly rely upon 
in judging of the quality of an effluent, and for what 
reasons ?—We rely on the following tests chiefly: (1) 
Suspended solids ; (2) albuminoid ammonia; (3) oxygen 
absorbed ; (4) three minutes test before and after in- 
cubation; (5) nitrification. The suspended solids are 
obviously objectionable, and the nitrification indicates 
the conditions obtaining in the filter from which the 
effluent has come. The tests (2) and (3) indicate the 
proportion of organic matter, and test (4) indicates the 
general behaviour of the effluent. 

25039. Have you tried the “aeration” test, 7.e. the 
rate at which dissolved oxygen is taken up by an effluent ? 
—We have tried the “ aeration’ test, We consider 
it a most excellent test as the information it furnishes 
is most useful. It is, unfortunately, not sufficiently rapid 
to be generally applicable. 


25040. Is one standard for all effluents passing into 
non-potable streams possible and desirable, and if so, what 
should it be ?—One standard for all effluents passing 
into a non-potable stream is neither possible nor desirable. 
We could instance cases of sewages or tank liquors which 
are quite foul, being better from point of view of merely 
analytical figures than some effluents which are non- 
putrescible. 


25041. If a general standard is not possible, should 
there be more than one standard, and if so, how should 
a plurality or series of standards be formulated. What 
amount of suspended matter would you allow in an 
effluent, and what are your reasons ?—The standard 
applied in any particular case ought to be formulated 
after thorough consideration of all the local conditions, 
i.e. the ‘“‘ strength *: of the sewage, the size and nature 
of the stream into which the effluent is discharged, the 
uses to which the water of the stream is subsequently 
put, etc. etc., ought to be considered in applying a stan- 
dard, 

We would allow about 3 parts per 100,000 of suspended 
solias m an effluent. Such a quantity of suspended 
solids does not give rise to any trouble in a stream. 


25042. Have you made any systematic observations 
as to the effects of discharging effluents cf known volume 
and known composition into ditches, canals, brooks 
or rivers of approximately known volume? The main 
points referred to here are :—(a) Nuisance from smell ; 
(b) De-oxygenation of water; (c) Encouragement of 
vegetable growths either of the nature of sewage fungus 
or of green weeds; (d) Damage to fish ?—Our effluents 
discharge into a water course which we have every means 
of observing with regard to the general effect thereon. 
Our observations are as follows :— 

(a) Nuisance from smell.—No nuisance arises from 
the river in this respect. Near the water in certain 
states of the atmosphere, e.g. when the air approaches 
saturation point with aqueous vapour, a peculiar rank 
odour has been observed. 


6225—Ap. I. 


635 


(b) De-oxygenation of the water.—We have made a 
number of observations on this point. 


Mr. 


The water of the J. D. Watson, 


river below our works and lands contains about the same 2. Inst. C.E. 


quantity of ‘‘ dissolved oxygen’ as the water of the river 
above our works, 7.e. about 5 c.c. per litre at 6°C. The 
rate of absorption of “ dissolved oxygen ’’’ is, however, 
higher below the works than above them. The effluents 
themselves show a high percentage of ‘‘ dissolved oxygen ”” 
(i.e. from about 4 c.c. to 6°2 c.c. per litre at 6°C.) during 
cold weather, but the amount is somewhat lower in warm 
weather. The variation may be said to depend roughly 
upon the atmospheric temperature, and points to the 
increase of biological activity as the cause of the lower 
figure in warm weather. 


(c) Encouragement of vegetable growths either of the 
nature of sewage fungus or of green weeds.—Vegetable 
growths of the kind usually spoken of as “‘ sewage fungus ”” 
grow most luxuriantly in our effluents and one or two 
of the effluents admit the growth of alge, these latter being 
the best aerated, and correspondingly most highly nitri- 
fied, of the effluents. The effluents generally however, 
may be said to favour the first class of growth to 
the exclusion more or less of the latter. We have 
examined these growths, and to a limited extent studied 
their behaviour. They are a mixture of filamentous 
plants, the thickness of the filaments being of microscopic 
dimensions, but growing in a most luxuriant manner. 
They probably belong to the genera cladothrin Leptothrix, 
Crenothrix, etc. Their presence is intimately associated 
with the presence of iron, and this no doubt accounts 
for their absence from well aerated colourless effluents. 
The slimy mass in which they grow is coloured brown 
when fresh, and goes black on keeping owing to the iron 
present. As far as our observations go, these growths do 
not seem to flourish in the river. The conditions there are 
evidently unfavourable to their growth, and the above 
description suggests a reason as to why the conditions 
are not favourable. 


(d) Damage to Fish.i—We have not made systematic 
observations with regard to the effect of our effluents on 
fish. 


25043. Could you make a short statement, setting forth 
the values you attach to the different chemical tests in 
use for determining the qualities or conditions of sewages 
and effluents, and giving your reasons ?—The ‘“ Dis- 
solved Solids” estimation is of some importance in 
several respects. The dissolved constituents naturally 
undergo considerable modification during the process of 
treatment, and we have found this estimation a very 
useful and rapid check on the general method of puri- 
fication. Abnormal conditions of sewage or effluent 
are often readily indicated thereby. Also the nature of 
the residues is occasionally of considerable interest. 

The importance of the ‘‘ suspended solids” test cannot 
well be over estimated, for reasons which have been pre- 
viously indicated. The proportion of organic matter 
in these solids is a very important estimation. 

The ‘free ammonia” estimation is of interest in a 
sewage, as indicating either the history or condition of 
the sewage, 7.c., if the sewage is a normal one, as to 
whether it is old or fresh, or if this figure is low it may 
indicate the presence of antiseptics in the sewage. We 
have found this exemplified very frequently. A high 
“Free Ammonia” in an effluent invariably indicates 
that the process of purification has not been completed, 
that aération is deficient, for instance. The field or filter 
from which such an effluent is derived is usually found 
to be waterlogged, or the sewage has passed through the 
filter too quickly, or, again, that the sewage is over-sep- 
ticised. 

The ‘“ Albuminoid Ammonia” figure is a most im- 
portant one. It gives a very reliable indication as to 
the relative efficiency of different methods of treating 
the same sewage. Also as a control of any particular 
field or filter this figure is ‘invaluable, providing that 
the effects of normal conditions are fairly well known. 
We have examined sewage effluents where the ‘ Albu- 
minoid Ammonia” figure alone was not a safe guide to 
the amount of nitrogenous organic matter present, but 
for the same sewage under known conditions it is a most 
excellent comparative test. 

We have partly indicated in a previous answer our 
views with regard to the nitrification test. <A high nitri- 
fication in an effluent invariably indicates good aération 
in the filter, but it does not necessarily imply a good 
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effluent. In fact, we have observed on a number of oc- 
casions that fairly good nitrification may be obtained 
whilst the liquor is otherwise very little changed. Under 
these conditions, however, a high proportion of nitrite 
is produced, 

The “Oxygen absorbed in 4 hours at 80 F.” is per- 
haps the most useful test in vogue for the examination 
of sewages and effluents. In the case of manufacturing 
sewages, however, its value is often modified by the 
presence of highly oxidisible constituents of the sewage. 
Cases have come under our notice where bodies such as 
sulphocyanides pass through the sewage plant to a con- 
siderable extent unchanged. Account must be taken 
of such bodies, as well as of the presence of much nitrite 
in an effluent, when judging of the efficiency of any par- 
ticular works or the quality of any particular effluent. 

The ‘‘ 3 minutes test’ is a ready means of determining 
the putrescibility of a liquid, when applied before and 
after the liquid has been incubated. It is essential that 
a means of determining the tendency of a liquid to 
putrify be at° hand, and this test is correspondingly 
important. 

25044. What are your views with regard to the quan- 
titative determination of the “strength” of a sewage, 
tank liquor, etc. ?—The determination of the “ strength ” 
of sewage, tank liquor, etc., in precise terms is of con- 
siderable importance. It is at least highly desirable, 
if not absolutely essential, in order to get an idea of the 
efficiency of a particular method of treatment or of the 
plant or portions of plant used for the treatment. 

In absolute terms the “strength” is represented by 
the amount of oxygen necessary to completely oxidise 
the organic impurities in a given unit of volume of the 
liquid under consideration. For practical purposes 
the “strength”? may be measured by a comparison of 
the “‘ oxygen absorbed ”’ figure in the liquid under con- 
sideration with that of the corresponding figure in an 
admittedly good effluent. 

An attempt has been made to get out a method 
which can be applied in practice for comparative pur- 
poses of measuring the work done in purifying a given 
liquid. It is hoped that when further experimental in- 
formation has been obtained by us, that a formula will 
ke produced which will not necessarily be a means of 
comparing the work done in purifying different sewages 
but will give a “comparative efficiency co-efficient ” 
for any particular method, as applied to a given sewage. 

25044*. If there are any further points on which you 
would wish to speak we should be glad to hear your views 
on them.—The questions which have been put to us will 
have a most excellent effect, if conscientiously answered. 
They might with considerable advantage be sent round 
periodically to the various authorities concerned. Then 
comparison of the answers given at successive periods, 
as experience accumulates. ought to yield valuable in- 
formation. 

25045. With regard to the question of the reception of 
trade effluents into your sewers, have you any idea as to 
what ought to be done in the event of a dispute between 
traders and the local authority ?—We have had no 
difficulty, my Lord, about that. Traders have been, in 
our experience, very reasonable, and my board has been 
very unwilling to do anything which would militate 
against the trades of the district so long as we find that it 
is possible to treat on biological methods the sewage at no 
great cost. 

25046. They have never considered what would be 
the most satisfactory way of settling a dispute if any 
should arise ?—No, we have had no occasion to consider 
that. 

25047. On Question 24939, am I right in inferring from 
the figures that you have given there that the storm 
sewage is sometimes more polluted than the dry weather 
sewage as regards the organisms to be found in it ?— 
(Mr. O'Shaughnessy) Yes, my Lord, generally speaking, as 
you see from the figures there; the first lot of four 
figures represents the fairly normal dry weather conditions. 


25048. On Question 24976, you say that the tank in 
the shape of an inverted cone possesses several marked 
advantages over a rectangular form of tank. Well, now 
could you specify those advantages ?—Yes, the advantage 
is not merely in the shape of the tank itself per se; but 
in the method of delivery, which is an essential part of the 
arrangement. In the tank in question the sewage is de- 
livered from a pipe vertically downwards, the pipe 
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coinciding with the axis of that cone. The essential 
advantage of the tank from the point of view of its being 
used as a septic tank is wm the fact that a relatively 
large surface is exposed for the reception of the lighter 
organic sludge; inevitably from the shape of the tank . 
the flow of the sewage is continually diminishing as it 
ascends. The result is that the suspended matter is 
differentiated according to its density ; that is, the heavier 
matter falls out first. The mineral matter may be said 
practically invariably to be of greater density than the 
organic matter; consequently you get the mineral 
matter accumulated at the bottom of your tank, which is 
periodically flushed out. The lighter organic matter 
is ther distributed in zones over a large conical area of 
the tank and is distributed in thin layers in contact with 
the liquid; and, therefore, giving a maximum amornt 
of advantage in being subjected to septic action; that 
is the essential thing in regard to that. 

25049. Then if you will take the next question, 24986, 
you say that the organisms in your sewage are remarkably 
few in number ?—Yes. 

'. 25050. Do you attribute that to the effects of your 
trade refuse ?—Quite so, it is the only thing we can attri- 
bute it to. 

25051. Well, then in Question 24989, you say, “‘ After 
a time a sort of equilibrium is established, and provided 
that the conditions are kept pretty constant, . . .” Well, 
now, how can you keep the conditions pretty constant, 
because the suspended solids that are coming in are 
always coming in in increasing numbers ?—Yes; but with 

regard to the septic tanks, we have, between the sewers 
and the septic tanks proper, a screen of preliminary tanks, 
which tend to tone down the inequalities immensely ; 
that, in working septic tanks, ought to be a sine! qua non. 

25052. In the following question you tell us that the 
suspended solids at one time fell as low as four parts per 
100,000, and that the average for the year was 19-5 parts 
per 100,000; can you tell us the maximum ?—Unfortun- 
ately the maximum was omitted by a clerical error; it 
amounted to 29 parts per 100,000 about the middle of the 
year. 

25053. On question 25003 ; the question of cost. Taking 
the tank treatment by itself, the septic tank seems to be 
clearly cheaper than the precipitation, but the effluent 
from the septic tank carries forward a much larger pro- 
portion of the suspended solids; and it would seem to 
follow from that that the cost of maintaining the filters 
fed by this effluent would be greater. Can you say 
whether the saving on tank treatment in such a case would 
be greater or less than the extra cost of maintaining the 
filters ?—(Mr. Watson.) We are dealing in this case with 
Birmingham ; we have a very large area of ground on 
which we distribute the septic liquor. It is no disadvan- 
tage but rather an advantage to us to have the suspended 
matter run over the land. Then before we take the 
sewage on to our percolating beds we have got silt tanks, 
which we have called for lucidity, Dortmund tanks ; 
they are not exactly Dortmund tanks, but they are after 
the form which was originally constructed at Dortmund. 
There we take out 75 per cent. of the solids before the 
liquor is put on to the bacteria beds, and in any future 
bacteria beds which we build that form will probably be 
adhered to. 

25054. On question 25005 were the beds *‘ A” and “ EB? 
of the same depth and similar construction ?—They are 
not; bed ‘‘ A” is a slag bed, seven feet deep, and bed 
“E” is an ashes and clinker bed six feet deep; the one 
has the liquor distributed over it by means of a rotary 
distributor, and the other has fixed spray jets; these 
are the two main differences between the two beds. 

25055-6. And in the same question it strikes me as rather 
curious that your experience is that the elimination of the 
remaining impurities in the second filter is much more 
difficult than the first reduction in the first filter. Have 
you made many observations on that point ?—Yes, my 
Lord, we think that that almost goes without saying, 
because the more suspended matter you have, one particle 
assists the other in precipitating its neighbour to the 
bottom; consequently, you will have a bigger percentage 
of elimination of suspended solids if you started with a 
large amount of them, than you will have if you started 
with a small amount. : 

25057. On question 25022, the cost per acre ; do you 
include the distributor in that cost ?—Yes, my Lord, 
everything but land is included in that answer. 
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~ 25058. On question 24928, you give us the amount of the 
sewage and storm water that come to your outfall works ; 
but you say you have no records of the volume which 
passes over your storm overflow ?—That is so. 

25059. Although you have no record, have you any sort 
of approximate idea of how much it might be ?—No, 
T am afraid I could not very well venture to answer that 
question ; we have only within the last four months put 
down self recorder gauges. In a year’s time we will 
be able to give some definite information on that point, 
meantime we cannot. 

25060. (Sir William Ramsay.) In Question 24915, 
you state “ that about three-eighths of the total rainfall 
would pass into the surface or storm water sewers, and 
the remaining five-eighths would pass through the foul 
‘water system of sewers.” How has that been arrived at ; 
upon what sort of data do you base that conclusion ?— 
From actual measurement. We have two of our subur- 
‘ban districts completely separated and we have been 
able to find from records made that the figures given here 
are correct. 

25061. That is very satisfactory. In answer to 
Question 24925 the last sentence runs, “the variation 
between maximum and minimum rate of dry weather 
flow in the sewers on which overflows are placed is esti- 
mated not to exceed a variation of four to one.” Does 
‘that mean that you may have four times as much flow 
at one time than another ?—Yes. 

25062. It has nothing whatever to do with the over- 
flows, has it ?—No, not that one. 

25063. In answer tc Question 24931, under heading (a), 
-you say that, “‘ it is understood that 75 per cent. of the 
total suspended solids in liquid trades wastes shall be 
eliminated before the liquid is admitted into the sewers » ? 
—Yes. 

25064. Is that irrespective of the total amount of sus- 
pended solids ?—No. 

25065. Does it mean that of the suspended ?—It means 
that of the suspended solids we expect manufacturers to 
eliminate 75 per cent. of them before they send the liquid 
into the sewers. 

25066. How does that work, is it satisfactory ?—Well, 
~we do not have very many cases ; we have only recently 
brought that into force; we have been dealing chiefly 
with paper works. 

25067. But have they no difficulty of getting rid of 75 
per cent. of their suspended solids ?—They are supposed 
-to take the solid material away and put it wherever they 
dike ; we do not want it put into our sewers. 


25068. Have you a penalty, or is it merely a question 
-of arrangement?—Well, we have not had occasion to 
-enforce that. We have a case pending at the present 
time and it may result in litigation, but up till now we 
have not had a case. 


25069. I suppose, in your answer to Question 24933, the 
average of 71°9 suspended matter remains pretty con- 
stant; it does not fluctuate as is shown in the highest 
and lowest observed figures ?—(Mr. O’ Shaughnessy.) 
Well, we have amended that answer by putting an 
additional note in to the effect that these are quite 
-exceptional figures ; of course it answers the question just 
as it is put, but there are several other cases where we 
have had it between 300 and 400 but those do not occur 
very frequently. 


25070. On the whole it is pretty nearly 75 ?—On the 
-whole it fluctuates between 70 and 80. 


25071. That would be the answer to the question I 
‘think ?—That would be the answer to the question. 


25072. Then in 24935 there is a surprising amount of 
nitrates in the sewage ; is that owing to nitric acid being 
turned into the sewers ?—Yes, that is so ; it comes from 
jewellers’ operations. 


25074. I should like to ask as regards 24938, what is 
“* oxygen conferred on sewage”; it is a very odd ex- 
pression ?—It is quite a novel expression, ‘‘ oxygen 
conferred on sewage in pounds per day”? would be the 
full thing; that means to say, if you have a bacteria 
ted which, say, is treating 1,000,000 gallons of sewage 
per day, you are passing, say, 10,000,000 pounds of water 
_ approximately through that bed. Then, in order to pro- 

-duce a given purification you will have to confer on the 

sewage a certain amount of oxygen which [will depend 
very largely on the strength of the sewage. ; 
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25075. Yes ?—The idea which is conveyed by oxygen 
conferred on sewage per day is an analogous one to ex- 
pressing mechanical energy as in horse power, for instance. 

25076. That is perfectly right, but I do not see how 
you are going to find it out; is it done by permanganate 
titration before and after ?—No, there is no pretence to 
it being an absolute formula ; it is merely a sort of working 
formula, to compare, if possible, as far as it can be done 
the work done on different sewages. 

25077. Yes, I quite see that; but what [ want to 
understand is by what chemical process do you make the 
estimate ?—Oh, the oxygen absorbed. 

25078. The permanganate oxygen absorbed ?—The 
permanganate oxygen absorbed plus the oxygen in the 
nitrate. 

25080. In 24945, towards the end, you say, that “a 
maximum rate equal to four dilutions of the normal dry 
weather flow on the present basis ought to be ample (to 
meet all ordinary contingencies) before passing into 
water course.” Is that based on experience, or is it a 
pious opinion ?—(Mr. Watson.) Four dilutions ? : 

25081. Four dilutions ?—No; what I have aimed at, 
sir, is this, I think that it is quite right and proper that 
there should be storm water weirs to allow six times the 
dry weather flow to pass down the sewers towards the 
outfall works; and that the remaining quantity which 
comes in time of storm should go right to the water 
courses; but I think that it is not right that we should 
have to treat so much as six times the dry weather flow 
at our works. I want to direct attention to the ex- 
pression four dilutions. I have used that expression be- 
cause I think you have it in the question in referring to 
the Local Government Board rule, but I really mean four 
times the dry weather flow. If that is what is meant in 
the front then that is right; you see our area is a very 
large one; it is ninety square miles, and although you 
might have at one part of your district a quantity of water 
coming down any particular sewer it might not be per- 
ceptible on our works. 

25082. I see, the rainfall would be local ?—And when 
the rainfall is general, when there is a very large 
rainfall all over the ninety-two square miles, we invari- 
ably find that the river at that time is several feet 
above its normal level; consequently, I am inclined to 
the view that we are more or less wasting public money in 
treating such a very large body of sewage as this impliese 

25083. Yes, quite ; the ninety square miles surely means 
a great deal more than the space covered by the City of 
Birmingham ?—Oh, yes; if you look on the first page 
you will find that we include Birmingham, the Borough 
of Aston Manor, and so forth. 

25084. I see, and so forth; which are very largely 
uninhabited lands ?—Oh, by no means; the Borough 
of Aston Manor is the most populous district barring 
Shoreditch in this country. 

25085. 'Fo complete the table one would require to see 
the area of those parts ?—I can give you an idea, however. 

25086. Well, let me put the question in another form. 
Surely a population of, say 805,000 over that number of 
square miles is not a very heavy population, is it ?—No ; 
you will observe, however, from another table that only 
about 50 per cent. of the whole area is sewered. 

25087. Yes, I see; but dividing your area by your 
population, what would be the population per acre or 
per square mile, or any way you like to put it ?—That is 
a question that one could do. Say twenty-three people 
to the acre. 

25088. That would not be a heavy population, would 
it ?—No. 

25089. All I want to know is whether you have 
a very large amount of land not covered by houses ?— 
Oh, necessarily. You will see it from this map; you can 
see from this at a glance the Borough of Sutton Coldfield 
has an area almost equal to the area of the City of 
Birmingham, and in the one case you have a population 
of 550,000 odd, and in the other case you have a popula- 
tion of less than 20,000. 

25090-1. Then a very large part of that would be taken 
as almost rural land so far as sewage was concerned ?— 
Yes. 

25092. As regards Question 24957, do you find that 
there is practically no further settlement after half an 
hour; it amounts to that, does it not ?—In the one 
sewage ; if you notice the other itis not quite the same. 


Mr. 
J. D. Watson, 
M. Inst. C.H#. 





18 May, 1905. 





Mr. 


§38 


25093-4. It is not quite the same ?— (Mr. O’ Shaughnessy-) 


J. D. Watson, In the one case; in the case of the Hockley sewage the sus- 
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sequently, more easily settled ; and a sewage containing 
a very large amount of acids. 

25095. Are there houses in the neighbourhood of your 
works ?—Oh, a great many. 

25096. There are no complaints by the inhabitants 
of those houses of nuisance ?—There used to be, but I 
am glad to say that recently we have not had any com- 
plaints at all. 

25097. In 24967 you say, “So far as our observa- 
tions go, no difficulty has been found in the filtra- 
tion of chemically treated sewage.”? Does that imply 
that there is: difficulty in the filtrat:on of sewage which 
has been treated in the septic tank ?—(Mr. O’Shaugh- 
nessy.) No, not at all. (Mr. Watson.) No, it does not 
imply that. (Mr. O'Shaughnessy.) That was prompted 
by your question simply ; you suggested that there might 
be a difficulty in the case of chemically treated sewage, 
and that remark was simply to cover that. 

25098. To show that there is no difficulty in that ?— 
(Mr. Watson.) We have found none. 

25099. Do I understand in your answer to Lord Iddes- 
leigh on Question 24976 that the cone has its point 
downwards ?— Yes. 

25100. And that the grit settles to the bottom and you 
can draw it off ?— Yes. 

25101. Is it a very shallow cone ?—No, Sir; the tank 
is 33 feet 6 inches deep or something like that. I will 
show you a section of it. There it is drawn to a natural 
scale (indicating on diagram.) 

25102. Oh, yes. And is it possible for the lighter solids 
to lie along these slopes ?—Thatis so; that is one of the 
reasons perhaps why that is a better septic tank than an 
ordinary shallow or rectangular\ shallow tank. (Mr. 
O’ Shaughnessy.) Might I indicate what happens in a tank 
of that description when used as a septic tank (of course, 
we have experimented on it; we have not deliberately 
designed tanks of that nature to use them as septic tanks : 
but we have made observations quite recently), we have 
had bacteriological examinations made, in connection 
with the action of such a tank, and we thought in the begin- 
ning probably that that tank would abstract organisms as 
well as sediment; we found to our astonishment that 
instead of doing so that the organisms were very con- 
siderably increased ; we would suggest when such a tank 
as that is being used for a septic tank that the angle of 
the cone should be a very wide angle relatively. 

25103. Are they not very expensive to construct 7~— 
(Mr. Watson.) It depends a good deal on the ground 
you are in; for instance, if a man were to put down 
a tank like that in a water-logged valley he would probably 
find it a very expensive tank to construct ; but on 
the site that we have selected for the construction of 
these tanks we do not even have to shore-up the soil 
with timber. 

25104. They are concrete, [ suppose ?—They are made 
of concrete ; at least, the lower part. The cylindrical 
part is made of brick; the cone is made of concrete ; 
we are fortunate in having placed them in a marl. 

25105. Consequently when you have to clean out the 
tank the stuff would simply be scraped out at the bottom 
and drained off by a sludge barrel ?—It is hardly necessary; 
if you notice there is a pipe going right to the bottom. 
That pipe is for the purpose of conveying the silt away 
from the tank; by a head of ten feet we are able to 
drive up that vertical leg of the syphon any silt which 
has accumulated in the tank, and convey it a distance of 
three-quarters of a mile, so that by merely turning the 
sluice valve there we are in the position of being able 
to clean out your silt. 


25106. Then how do you propose to clean the tank 
if it becomes ultimately necessary when used as a septic 
tank ?—It is not exactly used as a septic tank; our 
septic tanks are at Saltley, five miles from the site of 
those tanks. Those tanks were put in originally with 
the view of getting rid of the humus which forms the 
suspended matter in the septic liquor; it is a light 
material ; pretty dense but light, and we find no difficulty 
and anticipate no difficulty, but‘from a mere constructional 
point of view ] have taken care that that vertical leg is 
open at the top, so that I can clean that out at the bottom 
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and if there should be any need to take absolutely every- 
thing out of the tank it can be done by pumping. 

25107. Yes, I see. In 24983 you speak of the rate 
of flow and say that a stronger sewage requires “a 
longer time and certain constituents of sewage being 
more easily broken down than others.” I merely wish. 
to ask if you have data for that statement, or is it on 
general principles again ?—(Mr. O'Shaughnessy.) It is on 
general principles; paper, etc., is here referred to. 

25108. In 29487 you speak of leaving the sludge 
in the tank just so long as is necessary to deprive 
it of smell. But does it ever lose smell entirely ? 
—(Mr. Watson.) Entirely ; that is one of the best things. 
that we have been able to do, and we have discovered. 
it very largely by accident ; but it has completely revolu- 
tionised our process of working. Instead now of trying 
to eliminate organic matter by the gases which are 
given off in the septic tank, our object is to create sludge 
of a septic character. That is rather a strong thing to say,. 
but that is what we are doing now, and for the reason 
that the sludge which we obtain is absolutely inodorous,. 
unless you have got very strong olfactory nerves you 
cannot smell it at all. 

25109. I presume you run this tank as a septic tank 
first ?—Yes. 

25110. For, let us say, some hours ?—Well, not 
necessarily. 

25111. Well, for a long time ?—When we had dis- 
covered this first we had kept our tanks running for 
three and a half years ; when the sludge was taken out 
I was very much astonished to find that it did not smell. 
The moment I discovered that I had it spread over a 
whole area, a field of about six acres and\I allowed 
it to lie there. This was done in January; it lay until 
July; there was never any smell given off, from that 
field until in July it was so dry that we were able to 
put the steam plough through it, the land was then 
turned over, and a crop of rye was sown on it; I did 
not expect the rye after what my friend Mr. O'Shaughnessy 
told me, of the amount of metal salts in the sludge, but 
a fair crop in places has come up. 

25112. That is very remarkable ?—It is one of the 
most remarkable things I have ever known. 

25113. I still do not quite follow ; do you maintain that 
the tanks should be run in the ordinary way for a certain. 
time, and then the liquor, I presume, run off finally so- 
as to leave the sludge in the tank ?—Yes. Decanted off. 

25114. Then how long do you allow the sludge to 
lie in the tank before you remove it from the tank ?— 
Two or three days. 

25115. And then the smell disappears ?—Yes. 

25116. In regard to Question 24991 I should like to ask 
if you have actually found that a septic tank can be upset:- 
by running storm water through it ?—Yes. 

25117. You have spoiled a tank in that way ?—Yes. 
(Mr. O'Shaughnessy.) We spoiled the whole lot of the 
tanks in that way at one time. 

25118. It is the result of actual experiment. Have you. 
details to give as to your answer to Question 24997 ;. 
you say there was no appreciable difference in the effluent. 
frcm plain septic tanks and septic tanks filled with rough. 
stones ?—We could give you the figures, Sir. 

25119. It would be very valuable if you could, thank 
you, (See Tables at end of evidence, page 648.) In 25004 
you give the size of the materials for percolating 
filters 2—(Mr. Watson.) Yes. 

25120. And the size you give can be neither called. 
coarse nor fine ;_ it is a sort of half-way size ?—Yes. 

25121. I do not think we have data about that size, 
about the action of that particular kind of filter; what. 
is the object of having it of that particular size; do you. 
find that it does not stop up ?—We find that, yes. (Mr. 
O'Shaughnessy.) In the top layer of the percolating beds, 
we work them under normally healthy conditions ; their 
normal is anything from a foot up to eighteen inches of 
nitritial matter which tends to choke the filter, although. 
the amount of activity there must be enormous. We have 
come to the conclusion from our experience that it would 
be better to put-rather a larger layer on the top and a 
smaller layer underneath in order if possible to extend 
that area and thereby prevent choking. ; 

25122. I suppose you have comparative experiments 
which you could cite in answer to Question 25007 as. 
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regards the single bed versus the two beds ?—Yes. (Mr. 
Watson.) Yes. 


25123. These are also got from experimental data ?— 
Yes. (Mr. O'Shaughnessy.) Yes. 


25124. And again I should like to ask the same 
Question as regards 25009. You say, “the best results 
are obtained from a continuous feed, that is, continous 
during the period the bed is working, but the filter re- 
quires periodical rests.” Thatis also the result of careful 
experimental investigation ?—Oh, yes, over a considerable 
period. 


25125. In your answer to question 25019, you describe 
the matter in the suspended solids ; I do not think anyone 
else has ever taken the trouble to investigate what the 
nature of that organic matter is ; have you done it micro- 
scopically ? You speak of the organic matter present in 
some of the suspended solids ?—Issuing from the effluent 
in the percolation filter. 


25126. And you examined it microscopically ?—Oh, 
many times. Provided the bed is in workin order, 
the results are very constant. I might mention here 
in connection with the mucilage—I might make a 
further statement in regard to it—it is a question, of 
course. in which I have taken very considerable interest, 
and I have a good deal of information on the point ; per» 
thaps I could embody 1t m the statement in answer to that 
question. 


25127. It would be advisable; I do not think anyone 
has troubled about the nature of the organisms in the 
material 7—I do not know whether you have seen the 
paper which Dr. Fowler of Manchester has just published ; 
he read it before the Manchester Section of the Society of 
Chemical Industry, 1t was only published in this last 
journal. . 

25128. I have not opened my journal yet.—I have the 
journal here, and I am delighted to find that he has been 
investigating practically the same question as myself 
and fortunately for both of us he has covered different 
ground to me; he has approached the question from the 
point of view of the physical chemist, and I have studied 
iv more with regard to its general chemical character, 
and as far as my biological knowledge goes from a bio- 
logical point of view. This mucilage that I refer to here 
he calls colloidal matter, end he studies it both in solution 
and in suspension, the two things together. I think 
I would like to make a statement embodying both the 
matter in his paper and my own experience. 

25129. It would be very valuable.—Shali I put it 
under the head of that question ? 

25130. I think it would be advisable ?*-—I might 
state further, Sir, that I notice that a number of 
experts are considerably confused in their minds with 
regard to the relations between the suspended matter 
going on to the bed and the suspended matter coming off. 
Tt has been taken too much for granted that the suspended 
matter in an effluent in a percolation bed has direct re- 
‘lation to the suspended matter in the sewage going on. 
Provided that you reduce the suspended matter in your 
sewage going on to the bed down to a reasonable quantity, 
that is about eight parts per 100,000, which is the lowest 
figure you can reasonably get out by other than chemical 
means, if you reduce it to that quantity, then there is 
no direct connection between the suspended matter as 
a whole, as far as my experience goes, in the effluent and 
that in the sewage. 

25131. The nature of the suspended matter?—The 
nature of the suspended matter. I think I state here, do 
T not, that there is 58 per cent. of organic matter in the 
suspended solids in the sewage, whereas in the suspended 
matter in the effluent from the percolation bed it varies 
between 30 per cent. and 40 per cent. 

25132. And consists chiefly of remains of higher 
organisms ; and then I suppose your organic matter in the 
effluent consists also of higher organisms ?—Mostly, very 
low organisms; bacteria very largely, and vegetable 
growth, for instance, and some of the higher organisms. 

25133. Do you find the aeration test to run parallel 
to your two permanganate tests? With regard to Bir- 





* Nore.—The statement referred to was embodied in a 
paper by Mr. F. R. O’Shaughnessy and Mbt See" 
Kinnersley, read before the Society of Chemical Industry 
on April 26th, 1906. (See Journal of the Society of 
Chemical Industry, August 15th, 1906, No. 15, Vol. XXV.) 
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mingham sewage do they work together. We have had 
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evidence, for example, that at Manchester they do not; J. D. Watson, 


there is a great quantity of reducing salts, and the aeration 
test—the absorption of oxygen—is not parallel in both 
cases, so that the albuminoid ammonia _ test does 
not run parallel to either of them ?—Well, I have 
not conducted experiments exactly on those lines—in 
fact, my experiments have only been too few, because, 
of course, for lack of time—but I had occasion some time 
ago to examine a particularly bad sewage (from a manu- 
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facturing point of view) which contained quite abnormal — 


quantities of sulphocyanide, and these sulphocyanides, 
of course, were only partially eliminated by process of 
treatment, and passed right through even triple contact 
and triple percolation ; but in testing that effluent by the 
aeration test I found that the deoxygenation was very high 
m the case of the effluent containing much of this sul- 
phocyanide; I compared it purposely with a rather 
bad effluent from land. 


25134. But I am speaking generally; in Birmingham 
you do not notice any great difference; how do you 
actually take your test; do you always apply the per- 
manganate absorbed test ?—You mean generally. 


25135. Generally, yes ?—I usually conduct the ordinary 
half-dozen items or so which are usual to be done in the 
sewage analysis as a matter of routine; but when there 
is time for nothing else I do the oxygen absorbed by 
preference usually, 


25136. But not as a regular thing ?—Oh, regularly ; 
that is almost always done. 


25137. It is simply mixing the effluent with aerated 
water and finding out how much oxygen is absorbed. ?— 
In this case I am referring to permanganate. 


25138. Permanganate, yes, I see ?—In the case of 
the deoxygenation test I usually mix it with one or 
two dilutions of tap water, shaking it up, and allowing it 
to stand for half an hour or so before making the first 
estimation. 


25139. Do you regard your effluent as quite satisfactory 
when it contains sewage fungus ?—What question is that ? 


25140. It is your answer to question 25042, paragraph 
(c) You say that sewage fungus grows most luxuriantly 
in your effluent; I want to know whether you think 
it quite satisfactory when sewage fungus grows ?—Well, 
it is very curious; I dare say you will think my explana- 
tion of that is rather curious; you will notice that I 
mention purposely that they grow very luxuriantly, that 
is this particular class of organisms, in our land effluent ; 
but I have been puzzled myself for some considerable time 
as to why such organisms do not grow in the river into 
which the effluent was passed. There is the observed fact 
that they do grow in the effluent and they do not grow in 
the river ; andit needs explanation. Well, my explanation 
is this, that this particular class of organisms is a very 
special class, and it grows under very special conditions. 
A» far as descriptions go, as far as my observations go, 
which coincide with those descriptions, the organisms 
are almost invariably associated with the presence 


of iron in the effluent. The presence of iron in 
the effluent indicates a rather faulty aeration 
in the filter from which such effluent has come. When 


the effluent passes into the river it is there under conditions 
of very excellent aeration; the conditions are inimical 
to the growth of this particular class of organisms ; con- 
sequently, such growth does not take place. We have 
further had that exemplified in rather a striking fashion 
in one of our great main effluent channels. We had 
these particular growths when nothing but land effluent 
was passing down that channel growing there so fre- 
quently that we had quite regularly to clean it out. 
Recently, ducing the last few months we have been passing 
an increasing quantity of bacteria bed effluent into it. 
The bacteria bed effluent, of course, is a well aerated 
effluent, highly nitrified, and does not sustain the life 
of such organisms as leptothrin and brenothrin, etc. ;. the 
effect is that the land effluent combined with the bacteria 
bed effluent has produced such a set of conditions that the 
growth no longer takes place to anything like the same 
extent; the men in charge of the channel have noted 
with astonishment that the growth has disappeared 
within the last two months. 

25141. Very largely owing to the removal of iron ?— 
Very largely owing to the presence of excess of air. 


Mr. 
J. D. Watson, 
M. Inst. C.E. 


Vn ees 
‘18 May 1905. 


640 


25142. That is very curious ?—That is very curious. 

25143. (Colonel Harding.) The land efiluent you refer 
to as giving rise to this growth of fungus, is it more or less 
aerated than that from the percolating filters ?—I have 
not exactly tested the quantity of dissolved oxygen in the 
percolation bed effluent. 

25144. Do you know how much dissolved oxygen your 
land effluent contains ?—-I give it here ; the land effluents 
contain at a temperature of about six degrees Centigrade, 
4.c.c. to 6°2.c.c. per litre dissolved oxygen. 

25145. That is very good ?—That is very good indeed. 

25146. And what do you get in the percolating filter 
effluent ?—Well, I have not measured the dissolved 
oxygen in that. 

25147. It would be fully that; probably more ?— 
I may point out that in these land effluents, if you take 
the effluent direct just as it comes down the drain, the 
aeration is not so good as when it has come a little way 
down the effluent channel; these figures which are given 
here are taken at a point which is before discharge into 
the stream. 

25148. I gather there is no great difference in the 
amount of dissolved oxygen in the land effluent and that 
in the effluent from the bacteria beds ?—-Not an enormous 
difference, but the rate of absorption in the land effluent 
¥ would anticipate would be considerably higher. 


25149. What do you quite mean by that ?—I mean to 
say, if you incubate the two _ effluents, the 
land effluent and the bacteria bed effluent in the absence 
of air, the rate of disappearance of the oxygen in the 
land effluent would probably be much greater than the 
rate of disappearance in the bacteria bed effiuent. 

25150. Then judging these two effluents by the dis- 
solved oxygen test the land efluent would not be so good ? 
—The land effluent would not be so good on these 
conditions—this land effluent, you must remember, 
is from land which has been treated with a very high 
quantity of water. Of course, if you have, say, a subsoil, 
sand and gravel, and you are treating a reasonably small 
quantity of water on that plot of land, then the reserva- 
tions I make with regard to our general land effluent 
would not hold. 


25151. Now, this is the point I wanted to make, both 
in regard to that land effluent and to the effluents on the 
percolating filters you are surprised to find a growth of 
the sewage fungus type at all in your channels ?—Yes. 


25152. You would have expected that such growth 
should not be present ?—Well, I should hardly put it in 
that way. 

25153. but you suggest as accounting for it the pres- 
ence’ of those iron deposits ?—The presence of iron in the 
land effluent. 


25154. Now, has it occurred to you that possibly light 
has considerable influence ?—Light ? 


25155. And that these fungoid growths which you 
allude to arise in the dark channels bringing your land 
effluent to the main channel ?—Well, in the big effluent 
channel I referred to a moment ago it is fully exposed 
to the light. 

25156. But do you find the growth coming in your 
channel ?—In the channel. 

25157. Or the detritus of the growth in the channel ?— 
It grows in the channel. 

25158. And that is fully exposed to the light ?— Well, 
it may become all coated over with a deposit and grow 
over, but as to that J cannot say ; I am not prepared to 
say how far the influence of light has a bearing on the 
question. (Mr. Watson.) It certainly is exposed to 
light; there will not be more than nine inches of water 
in the channel. 

25159. And you find the growth to arise there ; you do 
not find merely the detritus of the growth in the channel ? 
(Mr. O'Shaughnessy.) Well, the growth arises in the first 
place in the main drain, and it tends always to adhere 
over any surface over which it is going ; of course, it 
might accumulate in the first case on the floor of the 
channel and subsequently grow up afterwards; but it 
certainly does grow on the bed of the channel, on the 

brickwork of the channel. 


25160. It is a point whic’ is worth investigation. 
because speaking generally one has not, so far, found 
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such fungus in well aerated, and entirely well purified 
effluents ?—It has disappeared within the last two 
months owing to the introduction of a large quantity 
of bacteria bed effluent into the channel. All other 
conditions are the same. 

25161. Now, that bacteria bed effluent had not passed, 
to any extent through underground channels ?—Oh, yes,. 
of course, it had. 


25162. But not far ?—(Mr. Watson.) About a quarter of 
a mile. 


25163. It is a point which appears to be worth further 
investigation ?—(Mr. O’Shauyhnessy.) Yes. 


25164. (Sir William Ramsay.) I merely want to ask 
one more question with regard to that: Is it ferrous or 
ferric iron ?—In solution I think it is ferrous iron, I have: 
not specially studied that point. I might mention I ex- 
perimented first by mixing water with urine and 
some ferrous sulphate, and inoculated it with some 
of the land effluent which had this growth apparently 
growing in it; I ‘was not able to induce that growth ; I 
examined the deposit whish occurred; a copious red 
deposit occurred in a few days which is usually the case, 
but on examining that deposit there was no appearance 
ot any growth. 


25165. (Major-General Carey.) In Question 24195 yow 
state that the central districts of Birmingham where a com- 
bined system was in force, a system of storm intercepting 
drains has been constructed in order to relieve the foul 
water sewers of surplus flow in time of storm, at what. 
period of a storm do the relief sewers come into operation ? 
—(Mr. Watson.) That depends very much on the extent 
of the rainfa!l, and the amount of the rainfall. 


25166. I should rather say, at what period are they 
designed to come into operation ?—From sia to eight 
times the dry weather flow practically. The ordinary 
storm water sewer which has a fixed sill is very liable to- 
abuse. I have known of a case, I have known of more 
than one case where 200 per cent. of excess flowed down 
the ordinary sewer when there was no more than 9 inches. 
of sewage going over the storm overflow sill. In other 
words the head which is induced by such a large 
body of water passing over your sill is sufficient to 
increase the amount of sewage flowing down that sewer,. 
antil you have 200 per cent. more than the regulation 
quantity of six dilutions. 

25167. The storm sewage which passes down the relief 
sewers, of course, is not treated ; it goes straight to the 
river ?—That is so. 


25168. And a considerable volume, occasionally, of 
very foul sewage passes down the sewers ?—Oh,no doubt ;. 
you mean down the storm water sewers. 


25169. Down the relief sewers ?—I think there can be 
no doubt abeut that generally speaking. 


25170. These relief sewers again would reduce the 
volume going to the works, would they not ?—Certainly ; 
yes, that is so. That is absolutely essential I consider ; 
if you were to take all the sewage down a sewer to the 
outfall works I am afraid the cost would be prohibitive 
in the case of a very large district. 


25171. Do you mean that you could not possibly take- 
six times the dry wether flow down to the works ?—No. 
Six times the dry weather flow could be taken down but: 
six times does not anything like represent the storm flow. 


25172. Would the sewer not be capable of taking it. 
or how otherwise, why not ?—To construct a sewer which 
would be capable of taking it would be a very costly 
matter ; I have known, for instance, of a sewer bringing’ 
down 150 times thedry weather flow at one time: 150: 
times the dry weather flow ; well, it is obvious that if you 
were to construct an outfall sewer to carry such a large, 
body of water to the outfall works that the cost would he- 
prohibitive. 

25173. That of course, but the point was, the outfall 
sewer has capacity of equal to six times the dry weather 
flow ?—More ; up to ten. 


25174. (Colonel Harding.) Did Mr. Watson say there 
that his sewer was capable of bringing 150 times the dry 
weather flow ?—Yes; I will show you the photograph 
of it; and while I do that [wish to point out that 
we have quite recently in the city of Birmingham, 
under the city engineer, constructed a storm water 
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overflow, which seems to me to meet the great 
objection which hitherto we have had to all storm 
water overflows. ‘Lhe great difficulty hitherto has 
been that as your water rises over the sill which 
allows the storm water to pass to a river that you increase 
the head, and, consequently, the volume and velocity 
of the sewage as it passes down the stream. Now, I 
will let you see, those who are specially interested, some 
photographs which I have here showing how that can be 
obviated. (Photographs exhihited and explained.) 


25175. (Major General Carey.) Is the whole of the dry 
weather flow of sewage treated on septic tanks and 
percolating filters before going on to the land ?—In septic 
tanks always. 


25176. And percolating filters ?—No. 


25177. What proportion of the sewage is treated on the 
percolating filters ?—At the present time we are only 
treating something like 3,000,000 gallons, 


25178. 3,000,000 gallons. Is it experimental then ?— 
Well, I do not call them experimental because we are 
building new ones as fast as we can build them; in six 
months from now I expect we will be treating 8,000,000 
gallons. 


25179. Is it your intention to go on constructing 
percolating filters until you are able to take the whole of 
your dry weather flow ?—Practically. 


25180. Then may I ask why are those percolating 
filters necessary in addition to your septic tank treatment 
before the irrigation on the land?—I have tried to 
explain that we use the land as a percolating filter, 
but we have already bought between six and seven 
miles of the valley ; the rate of increase in our district 
is so great that if we were to go on we should require to 
buy an acre and a third every week. Well, it simply 
becomes an impossibility. 

25181. Then these percolating filters will relieve the 
land to the extent that you will be able to provide for an 
increase of population ?—That is so, and more than that, 
really. I want to get rid of all our downward intermittent 
filtration beds; they are unsightly, they are odorous, 
they are insanitary, and I want to get rid of every one of 
them; I do not mind using the land for broad irrigation. 


25182. Then how is the storm sewage treated at present? 
—We have got storm water filters. 

25183. A certain amount of storm sewage goes through 
the tanks ?—Yes, we take two dilutions. 

25184. And after that ?—On to the storm water filters. 

25185. It goes on to the storm water filters, and I 
think you say that the treatment is unsatisfactory 7— 
Which, General ? 

25186. By the storm water filters ?—Oh yes, that is so, 

25187. You say in answer to Question 24945, “Storm 
water filters are inefficient, their primary cost is high, 
and the cost of maintenance is considerable ” ?—Yes. 

25188. “Settlement alone in carefully designed tanks 
would generally be sufficient for the whole flow of sewage 
and storm water coming to our works after the first flush 
of the storm (say after two hours)” ?—Yes. 

25189. “‘In the case of a storm of some hours’ dura- 
tion ” ?—We have found that these storm water filters— 
as in the case of storm water filters—that the interstices 
of the coke choke up very rapidly with putrescible 
matter. 

25190. After sedimentation ?—After sedimentation. 

25191. Then do you think that the storm water would 
be better purified, if it did not go through the filters at 
all ?—Through the septic tanks ? 

25192. No, through the filters; you have passed it 
through the tanks, you say, after sedimentation ?—No, 
Ido not putit like that ; we find there is a certain amount 
of benefit obtained from the storm water filters, but what 
I wish to point out is that they are most difficult to clean, 
and the storm very often comes before we have already 
cleaned them ; when the storm comes, while we are under 
that condition very little purification takes place, and I 
feel sure that if we had large tanks to allow storm water 
to be impounded and the suspended matter to settle down 
that we could clean them very much more readily and 
allow supernatant water to flow into the river. 

25193. The volume that would be treated in the storm 
water filters would be over three times the dry weather 
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flow, would it not ?—Probably, over twice the dry 
weather flow I would rather have it. 


25194. Your records appear to have extended over a 
short period of four months in an exceptionally dry 
winter ; is such a record sufficient to support the conten- 
tion that over three times the dry weather flow, and up 
to six times, may only reach the works in several months, 
and then only in a very diluted condition ?—I think not. 
Our statement here is a record of actual measurement. 


25195. Extending over ?—Four months; only in 
January did we put in our self recording gauges, but our 
experience, of course, of the works, extends for a very 
much longer time. 


25196. Yes, but without any actual gaugings ?— 
This has been calculated pro rata on the rainfall ; of course, 
we have taken into account that these four months have 
been exceptionally dry; as matter of fact we have only 
had 50 per cent. of the rainfall during those four months 
that we have in a normal season. 


25197. But you have no actual records to show that 
your statement as to excess of sewage over three times 
and up to six times the dry weather flow will only reach the 
works once in several months ?—I am referring to the 
four months which have passed. 
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25198. Again, in 24945: “‘ The intermittent recurrence . 


of rain does not warrant the provision of expensive works 
to treat a volume which may only reach the works once 
in several months, and then only when every stream is 
in flood” ?—Well, this, you see, refers to actual experi- 
ence and to actual recorded facts. 

25199. That is the point I want to come to; are your 
recorded facts based on the four months gauging ?— 
They are. 

25200. And would you corsider that suficient ?—I 
do not quite go the length of saying that; I know as 
a matter of fact that during ordinary winters we have a 
very much larger quantity of water to deal with than that. 


25201. Just so; therefore, it would hardly be fair to 
take four months’ gauging and say on that, ‘ We will make 
certain provision for dealing with the additional flow of 
sewage ’? ?—I should not like to go as far as that. 


25202. Would you not prefer having a more extended 
series of gaugingy extending over, say, a year or two 
years.?—I hope to be able to give you in a year’s time, 
if you ask for it, the records for the whole year. _ 

25203. Yes. Coming again to this question: “A 
maximum rate equal to four dilutions of the normal dry 
weather flow on the present basis ought to be ample to 
meet all ordinary contingencies before passing into the 
water course.” That is your opinion more than fact. 
Jt is an opinion of your own ?—That is so. 

25204. It is not an opinion based on data extendin 
over a long period ?—Based on knowledge. (Mr. 
O’ Shaughnessy.) I think partly what led us to that con- 
clusion, sir, was the question of the actual records of 
Manchester, for instance. 

25205. Now you are going to another place. Then I 
understand you do not propose to pass your storm sewage 
through septic tanks or a very small proportion; assum- 
ing that the storm sewage over three times the dry weather 
flow has to be settled in some way before discharge into 
the river, would you provide separate tank accommoda- 
tion for that storm sewage ?—(Mr. Watson.) Yes. 

25206. Have you made any estima‘e of the cost of 
such additional provision ?—Well, roughly speaking, 
yes. 

25207. And can you give it to us ?~-We could store 
something like 10,000,000 gallons for £50,000. 

25208. That 10,000,000 gallons representing ?—That 
10,000,000 would represent— — 

25209. Three times the dry weather flow and up to six 
times ?—I should not like to go so far as provide for six 
times the dry weather flow. 


25210. How many dilutions would 10,000,000 gallons 
represent ?—Two dilutions forabout four hours. 

25211. (Colonel Harding.) -Of what?—Of the dry 
weather flow. 

25212. What is 
22,000,000 gallons. 

25213. Did you not speak of 10,000,000 gallons ?— Yes. 
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25214. In what sense is that twice ?—That refers to 
T assume that the answer I 


times the dry weather flow and not six times is a desir- 
ab'e unit for a district having an area of 92 square 
miles. In my view the greater the area of a drainage 
district, the relative number of dilutions to be dealt with 
at the Outfall Works shovld diminish. For instance>, >n 
tie case of a market town with 10,000 inhabitants, it 
might very well be nece sury to irsist on six times the 
dry weather flow of sewage being treated because the 
a-ea of the district s wered is likcly to be under similar 
meteorologival conditions at one time; but in a la ge 
district it is not s>. In our district, for example, where 
the population is from 89 t> 90 times greater than the 
market town to wuich I have referred, you might have a 
thunder storm in one part of the district, with a result 
tat from ten to twenty time; the normal flow from a 
small are, inhabited by say 10,000 people, entered the 
min sewers, without more than appreciably raising the 
azgregate quantity of sewaze flowing to the Outfall 
Works, 

25215. You mean that a storage of 10,000,000 gallons 
mizht take in a flow at the six dilations rate for a short 
time ?—A tank to impound 10,000,000 gallons would 
store a lerge proportion of the flow for a short time. 

25216. That is the meaning of it ?—That is the meaning 
of it, and if you have the mears of taking out your 
suspended matter quickly, ycu siould draw the water 
off and allow it to go down with a falling river; then the 
tanks would be ready to receive the supplementary 
storm. As at present we cannot clean our stcrm water 
fi ters in unsu table weather, and this m:y continue fir 
months on end, and if a supplementary storm comes it 
finds the interstices of the medium so filled up with 
putrid matter that the water cannot pass through. 

25217. If General Carey will excuse me for one moment, 
I should just like to make that point quite clear, that 
the average per hour of your dry weather flow is a litile 
under 1,000,000 gallons ?—It depends on the time of the 
day but the average is just about 1,000,000 gallons an 
hour. 

25218. A little under 1,000,000 gallons, so that if for 
one hour you had six volumes coming down that would 
mean 6,000,000; and, therefore, th&t could be stored 
in your 10,000,000 gallon tank ?—Ycs. The lard, &e., 
voull prob bly take twice tke dry weather flow, or 
2,960,0C0 gallcns, and the remzinder would be contained 
in a 10,000,090 gal'on tank until the supernatant water 
could be let down the river and the sludge pumyed out 
and the tank made r.ady for a succeeding storm. 

25219. (Major-General Carey.) Again on question 24945 
a much stronger sewage would have to be treated at one 
period of the day more than another, but does not this 
apply to all systems of sewage treatment ?—I am afraid 
it does, General; I do not see any way of getting out of 
that difficulty. 

25220. (Colonel Harding.) Mr. Watson, General Carey 
dealt just now with some interesting features of your 
evidence bearing upon storm water; you recognise, of 
course, how important it is that the data upon which 
the judgment is based should be spread over a considerable 
period ?—Yes. 

25221. A point of much interest to this Commission 
is the practicability of dealing with storm waters as a 
whole. If you are right in telling us that at times an 
enormous number of dilutions come down into your 
sewers for a short time, you would, I suppose, conclude 
that it is quite impracticable for any authority to deal 
with the whole of its storm waters ?—I should think that 
in the case of a small authority it would be abso- 


lutely impossible; in the case of an authority like ours, — 


which extends over a very large area, it is much more 
possible ; because as a rule you do not havea very 
great storm, such as I have instanced, over the whole 
district at one time. Thunder storms as a rule are local, 

25222. Well, do you think that in framing. the resolu- 
tions in regard to the sta@gm waters to be treated it is 
practicable either for a large or for a small authority to 
deal with the whole of the storm waters so as to pre- 
vent the pollution of a stream ?—I do not. 


25223. You think probably that what will have to 
guide the Commission and any permanent authority 
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which has to deal with these matters is how much 
treatnent of stormwa'er is financially "practicable ?— 
That is my view, sir. 

25224. A point of considerable interest to us 
would be this: there is at the present moment a pro- | 
visional regulation of the Local Government Board that 
six volumes shall be dealt with, some of them fully and 
some of them partially. Now, when those volumes 
have been dealt with, how much storm water will still 
go to the streams. . That I am quite conscious is a difficult 
question for you to answer ?—I am afraid it is impossible, 
sir. . 
25225. But are you able to suggest to us what dealing 
with six volumes really means; suppose, for instance, - 
that the total dry weather flow for a year was represented 
by the figure 10U; would the dealing with six volumes 
represent dealing for the whole year with, say, 50 per 
cont more, 150 ?—I should think about 130 altogether, 30 
per cent. more than the dry weather flow. 


25226. That if the dry weather flow is represented. 
by 100 then the dry weather flow plus the ocasiona} 
dealing with six dilutions would mean over the whole 
year 130 ?—Yes, but that, of course, would be impossibte. 
During a great flood I,have seen the whole of our tanks, 
the whole of the valley of the Tame impassable; you 
could not even get a horse and cart across the valley. 


25227. Yes, but let us understand what you really 
suggest to us as b2ing impossible ; do you mean that it is 
impossible at times to deal with six volumes ?—No, sir ; 
when I gave you the figure of 30 per cent. above the dry 
weather flow as representing the aggregate amount of 
water which comes to a work in the course of a year I 
wish you to understand that that 30 per cent. does not 
come to us in gradual regular quantities. 


25228. Oh, that one understands, of course; because 
you yourself told us that at times a very large number 
of dilutions comes down ?—Yes. 


25229. And if you are not to deal with more than six 
you overflow all that comes beyond six; you only get 
that six occasionally, and at other times you get the 
volume which is represented by less than six; but what. 


-I was anxious to get at was this, that you are quite sure, 


are you not, that it is not practicable for an authority 
to deal with the whole of the storm waters ?—I am 
absolutely certain of it. 


25230. Then we shall have to be guided by what is: 
financially practicable. You have expressed rather 
a strong opinion about the provisional regulations of the 
Local Government Board and objected to them on the 
ground that they are what you call cast iron regulaticns 
which do not take into consideration local conditi:ns 
and circumstances ?—Yes. 

25231. But looking at this matter from the adminis- 
trative point of view it is a little difficult, is it not, to take 
into account these local circumstances; you must have 
some sort of general rule, which will no doubt be open 
to the objection of being cast iron and fixed ?—Well, 
your rule, in my view, ought to be as elastic as possible 
and it should not be framed until the whole of the local 
conditions are taken into account. 


25232. Is the rule to be framed in that way specially 
for every authority 7—I am afraid that is necessary. 


25233. But you yourself, Mr. Watson, ventured to make 
a suggestion in connection with the treatment of storm 
waters that in your opinion four volumes of the average 
would be a practical quantity to be dealt with and form 
a suitable regulation ?—Yes; I wish you to observe 
that in all the answers which you have here I have dealt 
with Birmingham, and \Birmingham only. 


25234. Oh, I quite appreciate that, Mr. Watson ?— 
And, when I speak of four dilutions or four times the dry 
weather flow—— 


25235. And in recommending four dilutions you are 
recommending that that would be a suitable regulation 
to apply to Birmingham ?—That is so. 

25236. But you will appreciate that probably this 
Commission will have to make a recommendation in 
regard to this matter ?—Yes. 

25237. And we have reached this point, have we not, 
that we cannot insist on ali storm waters being dealt with 
because that is impracticable ?—That is so, 
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_ 25238. And what one would like to know is what your 
opinion would be as toa suitable and practicable regu- 
Jation to make in regard to the number of volumes to 
be treated ?—The Tame by which Birmingham is built is 
about 180 miles in length from Wallsall right down to 
the sea. I think it would be a mistake to ask Hull to 
do what you would ask Wallsall to do; it is necessary 
that Wallsall should do a very great deal more towards 
purifying the bead of the stream than would be necessary 
when that stream assumes the propcrtions of a mighty 
tive>; I can see quite well that it would be a hardship 
in many ways to insist on a town like Wallsall doing a 
great deal and letting off a town like Hull. 

25239. Excuse me interrupting you a moment; it 
would seem certainly practicable to draw a broad dis- 
tinction as between tidal waters like those you refer to 
at Hull and inland waters like those at Wallsall ?—Well, 
take Nottingham or Lincoln which are still on the same 
stream. The Royal Commission have suggested the 
formation of rivers boards ; if formed these rivers boards 
ought to have the power of rating, and what is being 
done by a town on the upper reaches for the general 
benefit of the whole should be spread over the whole 
district. | 

25240. That is a suggestion I think somewhat new to 
us; you think Hull should pay, especially if it is let off 
in doing so much itself for what is done in the upper reaches 
of the Aire and the Calder ?—Distinctly. 

25241. And the Ouse ?—Distinctly. 

25242. That would be rather a difficult thing to carry 
out, would it not ?—You levy income-tax over the whole 
country for specific national purposes. 

25243. Would this be a transference of local respon- 
sibilities to the nation that you would suggest ?—Rather 
to the watershed, transfer the responsibility to each 
~watershed. 

25244. Would it not be more practicable to lay down 
a certain rule in regard to the number of volumes to be 
dealt with giving power to a central rivers authority to 
relax those rules in cases where it might appear to be 
necessary ?—You might injure Birmingham by allowing 
Wallsall to do too little. 


25245. Then do you give it as your opinion that it 19 
not practicable to lay down any rule in regard to tke 


number of dilutions, that no rule should be laid down, — 


ut that it should be left in each case to some central 
authority to see how many dilutions should be dealt 
with by this or that authority ?—That is my view, Sir. 


25246. Would that not lead to very much bickering and 
jealousy as between authorities ?—If a rivers board 
were appointed it would have the whole control. 


25247. Well, that is your view on the general question, 
but in regard to Birmingham you think four volumes is 


as much as you ought to be asked to deal with ?—That 


is so. 


25248. Not necessarily to deal with the whole four 
volumes thoroughly ?—Say two thoroughly and two 
partially. 

25249. And you would base that upon the average dry 
weather flow ?—Yes. 


25250. Of course, the proportion at times of maximum 
flow would be very different to the proportion at times 
of minimum flow ?—I have pointed that out. 


25251. Yes, you have; if the normal flow were taken 
as one, the maximum flow would be one and half, and 
the minimum flow about half of one 7—Yes. 


25252. So that four volumes of one would only be 
little more than two of the maximum flow ?—Yes. 

25253. The present six volumes which are required to 
be dealt with based upon the average would represent 
only about four volumes on the maximum and as much 
as twelve volumes on the minimum ?—That is it. 
_ 25254. An objection has been made that at one time 
you would be treating a great deal too much and at other 
times you would not be treating enough, but that is 
inevitable, is it not ?—I am afraid that it is. 
_ 25255. That you must base a rule on average, and it 
must act unequally at times ?—I do not see how you can 
get over the difficulty ; I have pointed out that volume 
and not rate is what we should observe ; not rate of flow 
but volume. 
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25256. This Commission has recommended the formation 
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of a central rivers authority, but until such authority is J. D. Watson, 


formed it will be necessary no doubt to lay down some 
sort of regulation ?—I hope that your recommendation 
will become law before very long. 


25257. It would be very satisfactory if it did, but as yet 
it has not been carried into effect; and you think the 
method I suggested of having a fixed number of volumes to 
be dealt with, with power to relax that on appeal say to 
the Local Government Board provisionally would not meet 
the case ?—It might get over the difficulty. 


25258. But it is quite clear, is it not, that whether 
four volumes or six volumes are dealt with, a large 
quantity of storm waters will at times pass to the 
streams ?—There is no doubt about it at all. 


25259. I see the total rainfall in your district is repre- 
sented by 32,500 million gallons ?—Yes. 


25260. And how much of that, do you suppose, would 
reach the sewers—50 per cent ?—Roughly, perhaps, 
about 5 per cent. 


25261. That would mean 16,250 million gallons; and 
your dry weather flow is 8,00u million gallons; so that 
if you dealt with 30 per cent. more than the 8,000 there is 
a large balance to go to the stream ?—Yes. 


25262. You have no doubt about that, that beyond 
four or six volumes there must be a large residuum 
going to the stream ?—I have no doubt about it at all. 


25263. As to the method of treatment of storm waters, 
some increase may be made in the flow through the 
regular plant ?—Yes. 


25264. But not a great increase 7?—Not for any length 
of time. 


25265. Because if that septic tank flow is regulated 
upon your average daily flow at times it has already in- 
creased to one and a half times, has it not ?—I have 
known it to be as mu‘h as four. 

25266. That is rather exceptional?—That is 
ceptional. 

25267. But daily it rises to 50 per cent. more than the 
average daily, quite apart from rain ?—You may say 
50 per cent. 

25268. Does it rise to double ?—Yes. 

25269. Therefore, automatically, every day, quite 
apart from storm waters, your plant has to passa larger 
flow at one time than another ?—Yes. 

25270. And if the tank area is based upon the average, 
there is very little room for really increasing the 
number of volumes dealt with if you reckon them upon 
the twenty-four hours ?—That is so. 

25271. But as far as practicable, especially at times of 
average and of minimum flow, it will be possible to deal 
with a certain number of dilutions through the existing 
plant ?—Yes. 

25272. Through the dry weather plant ?—Yes. 

25273. And when you get beyond that you think it will 
be better to deal with the storm waters first of all by 
sedimentation ?7—That is my view. 

25274. In many cases you think that that sedimenta- 
tion alone would be sufficient ?—I think so. 

25275. The alternative . system of passing crude 
storm waters over storm beds is inadvisable because 
the bed acts largely as a mechanical strainer, and what 
you strain off is very difficult to remove ?—That is it. 

25276. And if it be desired after sedimentation of 
storm waters to carry the purification further you probably 
would prefer to have some percolating filters in reserve 
used occasionally and kept in condition, but used in 
reserve rather than to increase the flow very much 
through the normal tanks ?—I would rather increase 
the working power and capacity of the ordinary plant 
than provide storm water filters to deal with storm 
water per sé. 

25277. Then the effect of that course would be, that 
at times of dry weather the filters would be working very 
easily ?—Hasily ; they might be rested. 

25278. Therefore very efficiently ?—Efficiently, and 
it would be for the benefit of the filters. 

25279. Probably you considered it of greater im- 
portance in regard to the purification of rivers that- 
the dry weather flow should be efficiently treated, rather 
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than that an attempt should be made to deal with all 


J. D. Watson, these storm waters less efficiently ?—I hold that view 
M.Inst.C.E. most strongly. 


25280. There is a peculiarity in your septic tanks at 


Ab BOY A208: Birmingham, to pass on to another subject, that you 


deposit comparatively little in them. One knows of 
course, of instances where the sewage passes direct to 
the septic tank, and where all the heavier matters are 
deposited in the septic tank, but in your case you have 
extensive detritus tanks first 7?—I chave changed that. 


25281. But you have them still ?—1 have them still ; 
but since you saw them—— 


25282, I know that your detritus tanks are depositing 
less now than they deposited at first ; you are throwing 
more into the septic tank ?—J am putting a wall across 
the end of the tank nearest to the inflow pipes, for the pur- 
pose of constructing detritus tanks and small sedimen- 
tation tanks ; the whole of the rest of the million gallon 
tanks are being used as septic tanks. 


25283. Yes, you are giving the septic tanks more to 
do ?—Much more. 


25284. I find in your answer to Question 24986 you 
tell us that in 1901 and 1902 the difference between what 
passed to the septic tanks and what passed away from 
the septic tank was only four parts per 100,000 ?—Yes. 


25285. And T find in the same answer you tell us that 
in a later period the quantity passing through the 
roughing tank and through the septic tank differed, but 
after all about the same quantity was left in the septic 
tank again, about four parts, and that is very little ?— 
Very. 

25286. In your latest data, with your present system 
of working, I find you are leaving thirteen parts per 
100,000 in the septic tank ?—Yes. 

25287. That is to say, as the effiuent issues from the 
roughing tank you have thirty-two parts, and as the 
effluent issues from the septic tank you have nineteen 
parts ?—(Mr. O'Shaughnessy.) That is referring to the 
table. 

£5288. Yes, in 24956 the taktle that you give, the 
effluent from the roughing tanks contained thirty-two 
parts of the effluent; from the septic tanks nineteen 
parts ?—(Mr. Watson ) Yes. 

25289. So that now thirteen parts are left in the septic 
tank ?—Yes, but even since that time —— 

. 25290, You haye increased it further, have you ?—I 
have increased it very much more. 

25291. I see ?—I have been pumping out the sludge 
from the sedimentation tanks into the septic tanks ; in 
other words, I have been promoting septic action for the 
purpose of obtaining deodorised sludge. 


25292. Are you able to give us the quantity of suspended 
matter that is left in the septic tanks now including this 
addition from the settlement tanks ?—I am afraid I can- 
not. 


25293. But it would be in excess ?—(Mr. O’ Shaugh- 
nessy.) That figure 32°2 is virtually bigger on account 
of the sludge which is pumped, as Mr. Watson has just 
said, from the sedimentation tanks into the septic tanks. 
That would virtually raise the figure 32°2 to a some- 
what higher quantity ; we can give you the figure later 
on. 


25294. But we may take it generally that more matter 
than the thirteen parts is now being left in the septic 
tank ?—(Mr. Watson.) Yes. 


25295. The reason I wanted to bring that out some- 
what more clearly is this, that one has heard it quoted 
in connection with Birmingham that septic tanks could 
work for a number of years without accumulations arising, 
and [ think I am right, am I not, in coming to the con- 
clusion that that condition of things was only possible 
when you left only four parts in the septic tanks ?— 
Yes. 


25296. Therefore there was nothing remarkable in the 
tanks working long periods without accumulations ?— 
That is so. 


25297. Any deductions from that example to show 
that there has been almost complete consumption of 
suspended matter in septic tanks would be wholly wrong ? 
—Altogether wrong ; as matter of fact, we have never been 
able to show that more than 10 per cent. has been elimi- 
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nated by the action of the septic tanks, notwithstanding 
the fact that some other places—— 


25298. As much as 30 per cent. ?—As much as 30 per 
cent. 


25299. For instance, I think at Manchester and Leeds 
and Sheffield ?—Yes, and Exeter. 


25300. ButI think, Mr. Watson, that that does not in- 
clude the digestion which you suggest yourself takes 
place in your long conduit and in your Dortmund tanks ? 
—That is quite right. 


25301. There would probably be some digestion in both 
those features of your work ?—No doubt about it at all, 
rather than extend the septic tanks we have utilised the 
great conduit for the purpose of still further creating 
fermentation. 


25302. You probably do not think the estimate which 
has been made at these other places and which is based 
upon all the matter left in the septic tanks, the bulk of 
which being so left, is far wrong, 30 per cent. ?—It may 
not be. 


25303. You are unable yourself to verify it, but you are 
not surprised at that figure ?—I am not surprised. 


25304. But you would be greatly surprised if anybody 
suggested to you that the great bulk of the suspended. 
matter coming down in sewage is digestible ?—I should 
be very much surprised to hear that. 


25305. There is another feature of your evidence 
which is interesting to us, because it is to some extent 
different to what we have had from other places, and that 
is that your experience of septic sludge and septic tank 
liquor is that very little, ifany, nuisance arises in dealing 
with either ?—There is no doukt about the fact. 


25306. That you would rather have to deal with septic 
sludge than settled sludge or than chemically precipitated 
sludge ?—Very much, rather. 


25307. Should I be right in taking it that the reason 
of this absence of nuisance is due to the fact that in the 
case of natural settlement, of chemical precipitation, the 
putrefaction of the sludge has not begun, and therefore, 
if the sludge is placed upon the land, that the whole of it 
has to take place; whereas in the case of septic sludge 
you are withdrawing suspended matter which has to a 
large extent passed through these putrefactive stages 7?— 
I think that is right. 


25308. So that any nuisance that may exist with 
septic sludge will last for a shorter period than would the 
nuisance arising from other sludge ?—Yes, and that 
septic sludge ought not to be withdrawn until the putre- 
faction has been complete. 

25309. Then that leads me to ask you this question, 
how far is it practicable to maintain something like a 
constant capacity in a septic tank by the frequent with- 
drawal of small portions of the sludge from the septic 
tank ?—That is exactly what I am trying at present; I 
cannot answer the question from knowledge; but FE 
think we will probably find that it will be practicable 
to withdraw sludge from the septic tanks once every 
three or four months. ’ 

25310. Or even more frequently ?—Well, I tried the 
other day to take it out after two months, but I found that 
while it was quite practicable that it was spending money 
unnecessarily ; there was not sufficient in the tank to 
warrant it being taken out. 


25311. If it is not necessary to remove it, you don’t 
remove it ?—Exactly. 


25312. But when it becomes necessary to remove it 
you would prefer a partial removal at frequent in- 
tervals rather than waiting until there is a great 
accumulation at the end of some years ?—I regard 
that as being essential. When I first emptied the septic 
tanks about eighteen months ago, after an accumulation 
of three and a half years, I emptied the tanks wholly. I 
had difficulty in promoting the fermentation in the 
tanks again; it took me some months to do it; but 
when I emptied the tanks this year I only partially 
removed the septic sludge; I left about nine inches on 
the bottom of the tank to inoculate the sewage with the 
putrefactive organism immediately. 

25313. Evidently that is necessary ?—It is. 


25314. The complete emptying and sweeping clean of 
aseptic tank is a mistake ?—Itis; itis quitea mistake 
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25315. And therefore if it be practicable to remove 
septic tank sludge from time to time so as to maintain a 
constant capacity you would think that that was a 
thing most desirable to be done ?—Yes. 

25316. A very important matter in connection with 
the septic tank is, of course, the point to which you can 
reduce the suspended matter in the effluent ?—Yes. 
It is obviously desirable, as far as possible, to leave 
suspended matter in the tank ?—And it is cheiper and 
better in every way. 

25317. It is better because there is some consumption, 
and cheaper because you can deal with it there in a 
wholesale way ?—Yes. 

25318. And it facilitates your filtration ?—It does. 

25319. In your case you are carrying away from the 
septic tanks a considerable quantity of suspended matter, 
and I understand the object of your Dortmund tanks 


is to further reduce that ?—To take out the humus which , 


is left in the septic tank liquor. 

25320. To take out as much as possible of the remaining 
suspended matter, whatever it may be ?—Yes. 

25321. And you think it practicable by the use of 
such tanks following upon the ordinary septic tanks to 
reduce the suspended matter in the effluent to about eight 
parts ?—By 75 per cent. 

25322. That is somewhat further than the eight parts, 
if you have at the present moment about twenty parts 
coming away from your septic tanks you are able by 
the Dortmund tank to reduce them to five ?—Yes, 
but it is not so much when it gets down to the Dortmund 
tank. And then. as Mr. O’Shaughnessy reminds me, we 
have got sewage from a population of 60,000 or 70,000 
coming in between Saltley and Minworth, the site of the 
Dortmuad tanks. 

23323. Which does not pass through the first septic 
tank ?—Which does not pass through the first septic tank. 

25324. Then are you able to tell us, Mr. Watson or Mr. 
O’Shaughnessy, how much suspended matter comes to 
the Dortmund tank ?—( Mr. O’Shaughnessy.) About thirty 
two. 

25325. So much as that ?2—So it makes 75 per cent. 

25326. And that reduced 75 per cent. gives you your 
eight parts ?—Yes. 

25327. Now a filtration of effluent containing 8 parts 
is quite practicable on the beds of the size of material 
that you use ?—(Mr. Watson.) It is. 

95328. And you use these beds as percolating filters ?— 
Yes. 

25329. Is the material of one size throughout, or is it 
graded ?—It has been graded. I have adopted diferent 
sizes of material, but I have come to the conclusion that 
the best sizes for our purpose are the sizes given in the 
third paragraph of 25004. 

25330. Those are the sizes that you are adopting ?— 
Yes. / 

25331. And the lower material is coarse ?—The lower 
material is coarse. 

25332. And what is the top surface grade ?—Three- 
quarter inches to one and a quarter inches. 

25333. Now, of your 8 parts going upon such a filter, 
does much remain on the top mechanically strained off 
by the material ?—We get in the effluent about 8 parts, 
well, from 6 to 8 parts per 100,000. 

25334. In the effluent coming on to the filter 7—No, 
the filtrate coming off the filter. 

25335. Well, of those 6 to 8 parts does much remain 
on the surface of the filter kept back by the material ?— 
Yes, a proportion is retained and oxydised on the surface, 

25336. Then it is a little difficult, is it not, to remove 
that from a filter with material so coarse as one inch ?— 
We have not found it necessary to remove it at all. 

25337. Do you think that it will accumulate on the 
surface or does it pass through the filter ?—It passes 
through the filter; the safeguard of a percolating filter 
is that you are enabled to allow particles in suspension 
to pass right to the bottom. 


25338. That is the point I was coming to; in your 
case, the safeguard is not fine material on the surface, 
and mechanical straining of the suspended matter brought 
to the filter, but the material so coarse throughout that 
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out in the effluent ?— Yes, if it were possible otherwise to J. D. Watson, 


reduce the amount of the albuminoid ammoniain the filtrate 
I would much prefer to have less of this fine material 
and more of the coarse right through, but we have found 
that with very coarse beds the amount of albuminoid 
ammonia has not been reduced as far as we think it 
should be; we have hid a corresponding increase in 
the nitrates, but Mr. O’Shaughnessy advises me that 
that is not nearly such a good effluent as an effluent with 
a low albuminoid ammonia, although it has corres- 
pondingly less nitrates. 

25339. But that, interesting as it is, is a little off the 
point which I was going to, that it is not practicable to 
put upon a filter absolutely clarified effluent ; you must 
have some suspended matter ?— Yes. 

25340. In your case you consider it practicable to 
reduce that to 8 parts ?—That is so. 

25341. Now, of that 8 parts the whole will by no 
mans be digestible ; some parts of that must necessarily 
ultimately remain somewhere ?—I think so. 

25342. Hither in your filter or afterwards in your 
effluent ?— Yes. 

25343. And you consider it an advantage that per- 
colating filters should be made sufficiently coarse to 
allow the undigestible matter to come through ?— Yes, 
that is my view. 

25344. Provided that not more than 8 parts go to 
the filter, do you think it would be necessary to have 
any sibsequent process after such percolating filtration ? 
— Yes, I think it is necessary. 

25345. Even with so little as 8 parts ?—I think so, 
and I have just quite recently, in fact within the last 
few days, found out how that can be done very 
inexpensively. 

25346. No doubt that will be interesting to us; will 
you tell us ?—What I am doing at the present moment 
is to pass the filtrate into something in the nature of a 
Dortmund tank, J propose to call it the Birmingham 
Separator, which has the result of eliminating the 
suspended matter to the extent—we have brought it 
down to 1°6 parts per 100,000, and that at a cost of 
something like Is. 6d. per million gallons. 

25347. That is very interesting. Now, of the eight 
parts going on to such a filter how much comes out. on an 
average with the filtrate before it goes into such Dortmund 
tank ?—Oh, about six. 

25348. But that would be a very variable quantity, 
would it not; I mean that it varies between wide limits ? 
—It does. 

25349. Sometimes you get more coming out than goes 
on ?— Yes, we have found that. 

25350. And at other times quite a small quantity 
coming out ?—Quite a small quantity. 

25351. But if you take it on the average of a larger 
number of tests you think it would be in the prorortioa 
of about six to eight ?—Six to eight. 

25352. And for the purposes of settlement you do not 
think there is anything better than something like a 
Dortmund tank?—I am now quite sure of it ; I have tried, 
as | have indicated here, a number of methods. 

23353. Aud that system of tank is incidently of great 
advantage in permitting the deposited matter to be re- 
moved without interrupting the work of the tank ?— 
That is so. 

25354. Now, suppose instead of putting eight parts 
per 100,000 on to the filter it were possible to put only four 
parts, in that case probably you would get so little sus- 
pended matter in the effluent as not to make it necessary 
to have a subsequent process, would you not ?—Well, 
that might, but we have not found it possible to put 
on less than eight parts. 

25355. We had some interesting evidence yesterday 
to the effect that it was possible in the Staffordshire dis- 
trict to carry out septic sedimentation in a way to only 
leave four parts per 100,000 in the septic effluent; have 
you any idea how that can be attained; you cannot do 
it at Birmingham, can you ?—No, we have not been able 
to do it. 


25356. But, of course, the question arises whether 
it would be better to spend money in more complete 
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settlement even if need be by the addition of chemicals 
rather than to spend it after the percolating filtration in 
a subsequent process ?—Well, if you can do it for 1s. 6d. 
per 1,000,000 gallons, I am quite certain no chemical can 
approach that in cost. 


25357. The whole question is one of finance ?—Yes. 


25358. It is perfectly possible to reduce the suspended 
matter by chemical precipitation to four parts and even 
less ?—I kelieve that is so. 

25359. And to reduce it to such a point that you would 
not require a subsequent process after the percolating 
filtration ?—Well, Mr. O’Shaughnessy has rather found 
out as you inferred from an answer to Sir William Ramsay 
a rather interesting thing; he points out that the nature 
of the suspended matter coming off the filter is so very 
different from any of the suspended matter going on to it. 


25360. Yes, I think his suggestion was that besides the 
suspended matter going on to the filter, besides the 
indigestiole portions of the eight parts. there was added 
matter which had arisen in the process of filtration, 
which had not come to the filter at all ?—Quite. 


25361. Animal matter which either was then living 
or which had been living, in the body of the filter ?— 
Yes, well, that being the case, you see it is something in 
the nature of an excreta from the bed, assuming that to 
be a living organism. 

25362. That leads you to think, does it, that however 
perfect your sedimentation might be beiore the effluent 
reaches the filter that it is quite conceivable that there 
would be suspended matter coming out in the filtrate 
although exceedingly little had gone on to the filter with 
the effluent ?—I have come to that view. 


25363. That therefore it will be necessary in any case to 
have a subsequent process ?—That is so. 


25364. And therefore if you have to have a subsequent 
process you need not spend so much money in reducing 
the suspended matter in the effluents ?—Yes. 


25365. Is that clearly your view ?—That is quite 
clearly my view. We have observed more suspended 
matter coming from a secondary percoleting bed than 
from the primary bed. 

25366. That raises rather an interesting question ; 
beyond a cortain point you may actually do harm by 
continuing filtration ?—I think you get a better effluent, 
taking it as a whole; but you still have—the point which 
I make is: you still have that suspended ma‘ter to deal 
with. 

25367. But I think Mr. O’Shaughnessy’s point is this, 
is it not, that if you pass even a fairly well purified effluent 
through a further process of fitra‘ion you may create 
suspended matter ?—Yes, I think that is his view. 

25368. And bring about an evil which was previously 
non-existent ?—Yes. 

25369. Is not that it ?—(Mr. O’Shaughnessy.) That 
is quite so, Colonel Harding, 

25379. That is evidently a point to be carefully kept 
in view in connection with sewage disposal works. I 
remember seeing myself an instance of that kind of an 
effluent which appeared to be thoroughly clarified, and 
which passed upon a percolating filter and brought about 
a filtrate which had very visible suspended matter ?— 
(Mr. Watson.) Yes. 

25371. Which, asfar as one was able to judge, was the 
detritus of a growth occurring in the filter itself ?—Yes. 

25372. Then briefly, in regard to the comparison of 
various methods of settlement, septic, chemical, natural, 
one must take into account the local circumstances, 
the character of the sewage, the local levels and many 
other points, before one can say definitely which is the 
best to select ?—Certainly. 

25373. There is no such thing as saying, in the disposal 
of sewage, this or that plan is the right plan to follow ?— 
No, I do not think that one can possibly lay down the law 
and say that becaus> one method is successfal here that 
it must be equally successful there. 


25374, It may in some cases be desirable to chemically 
settle sewage, and, as far as possible, clarify the effluent 
which is to be filtered ; in other cases, you need not be at 
all particular ; you may allow a/good deal of suspended 
matter to go on to the filters and deal with it in the second 
process of filtration ?—That might be so. 
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25375. There is just one point which I should like to 
ask your opinion about, whether you have ever considered 
the possibility of dealing septically, not with sewage, but 
with sewage sludges ?—We have; I tried that about two 
years ago; I had sludge pumped into one of our septic . 
tanks; I filled half of the tank; I afterwards introduced 
septic sewage into it for the purpose of inoculating it, and, 
much to my surprise, thsre was no visible result for six 
months, and even after that time I think we allowed the 
sludge to remain in for something like—— 

25376. There was no flow through it at all ?—There 
was a very very quiet flow through it. 

25377. A flow of what ?—Of sewage. 

25378. Do you think it brought about toxic conditions 
which prevented the development of septic action ?—I 
do not think so. If I had begun quietly, if I had 
brought in a small quantity of sludge and laid it on 
the floor of the septic tank, and introduced sewase ia a 
highly septic condition thereafter, working upwards 
instead of working downwards as I tried to do, I might 
have had good results; but I introduced too much sludge 
to start with, and the organisms were evidently on the 
surface and did not work downwards quickly enorgh. 

25379. Well, it occurs to me to ask you this, because in 
some cases,—though apparently not at Birmingham— 
nuisance seems to have arisen from the spraying of septic 
tank effluent, we have been told that in certain cases there 
is considerable development of sulphuretted hydrogen, 
and that complaints have been made of the spraying of 
septic effluent ?—So far the spraying of septic sewege 
has civen riss to no comp'aint. 

25380. And it would seem as if there was an advantage 
in dealing with sewage as far as possible when it is fresh ? 
—We have not found that. 


25381. To adopt a fairly rapid method of sewage -dis- 
posal; Iam quite aware that at Birmingham this difficulty 
has not arisen ?—It has not. 

25382. It might be worth while for me to ask you if you 
think the presence of considerable sa'ts of iron in the 
sewage tends to counteract the creat on of nuisance ?— 
Well, it might, but we have found from a small installation 
which I recently put up for one of the Birmingham 
institutions that the septic sludge had precisely the same 
inodorous properties, and that was from an entirely 
domestic source, the sludge which we have got on the 
works—— 

25383. Well, I gather, as in your case no nuisance arises 
from dealing either with septic sludge or septic effluents, 
you have not considered it necessary to make investiga- 
tions in that direction ?—That has been my experience. 

25384. In 25005, in the last paragraph, you say some- 
thing about the exceptional difficulties of secondary filtra- 
tion; I suppose you mean percolating filtration ?—Is 
that the paragraph beginning “‘ A good effluent ...” ? 

25385. No, the last paragraph, “In the case of a 
secondary filter, which deals with liquid partly purified, 
the elimination of the remaining impurities is much more 
difficult than the first reduction ’* ?—Yes. 

25386. Well, would you mind explaining to us why 
that should be so ?—(Mr. O'Shaughnessy.) That, by the 
way, was a provisional answer which was really put in by 
a clerical error; there is a table here in the answer to 
Question 25005; that is the one you are referring to, 
I think. 

25387. Yes ?—The answer really finishes with that 
table: ‘Tank Liquor.” “Bed A. “Bed E.’2 and 
below that. ? 

25388. Where does the passage I referred to kelong to ? 
—It belongs to 25007. , 

25389. But still, whether it bolongs to 25005 or 25007 
the statement is one which you make and to which you 
adhere, Mr. O'Shaughnessy ?—I am not quite clear, Sir ; 
is this under 25005, the last paragraph of all: “‘ In the case 
of a secondary filter, which deals with liquid partially 
purified, the elimination of the remaining impurities is 
much more difficult than the first reduction, and it would 
seem that the depths of a second filter should be greater 
than the primary bed”? ? We adhere to that statement 
certainly, Sir. 

25390. Then how do you account for this increasing 
difficulty of final purification ?—Because it is purely on 
physical action owing to relative dilutions; I mean tae 
more pure a liquor gets the more difficult it is to eliminate 
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the residual impurity, for the simple reason that the 
concentration of the solution gets so very low. It is 
purely a physical question. . 

25391. You think it would be largely a waste of money 
if a certain process leads to a purification which may 
be considered fairly satisfactory ; to bring that to a much 
higher degree of perfection by repeating several times the 
process of purification ?—Certainly. 

25392. The little good you would effect on your dilute 
impurities would not by any means be worth the cost ? 
—That is quite so, Sir. © 

25393. And I suppose that we may gather from that 
generally that your opinion is that it is more easy to deal 
with a strong than with a weak sewage ?—Yes, that is 
so. (Mr. Watson.) It is more easy to get a certain por- 
centage of purification from a strong sewage than from 
a. weak sewage relatively. 

25394. It is more easy to bring purification up to a given 
point also ?—(Mr. O'Shaughnessy.) Yes, Sir, that is so. 
To put it quite clearly, Sir, given a certain quantity of 
organic impurity to eliminate, and suppose that quan- 
tity of organic matter were distributed ovcr 1,000,000 
gallons as compared with 500,000 gallons, then it would 
be much more easy to eliminate the impurity from the 
500,000 gallons than from the 1,000,000 gallons. 

25395..(Mr. Stafford.) In reply to Colonel Harding, 
Mr. Watson, I think you said you proposed to give certain 
rating powers to rivers boards; the rating board would 
be over the whole district ?—(Mr. Watson.) Over the 
whole. 

25396. That would be both urban and rural districts 
as they exist at present ?—It would, on the principle 
that riparian owners along the stream benefit from 
the amount of purification which is obtained higher up the 
stream. : 

25397. Therefore, you would have in cases like Bir- 
mingham the rural district outside paying for the purifica- 
tion of Birmingham sewage ?—Well, suppose that you 
did. 

25398. Would you suggest that they should pay in 
the same proportion ?—Well, that is an adminisirative 
question which perhaps would require consideration; 
1 refer to the general principle as being right. 

25399. And you would have also Wallsall and all the 
other towns you mentioned paying for the purification 
of Birmingham sewage; you would have every town, 
in fact, included in the rivers board area paying for the 
purification of the sewage of Birmingham ?—Well, you 
could not ask Birmingham to do more than what is 
paysically possible. 

25400. No ?—Consequently if you wish something 
to be done which is outside what any body of sensible men 
would propose it would be only right I think that the whole 
area should pay for that. Personally [ do not think the 
treatment of 6 times the dry weather flow from an area 
of nearly 100 sq. miles is reasonable, and if itis demanded, 
the cost of treatment should te spread over the whole 
watershed. 

25401. Yes, but I do not know that you could ask them 
to pay in the same proportion for the treatment of the 
sewage of a big town like Birmingham, which gets very 
distinct advantages from its size and from its trade ? 
And to make a rural district pay in the same proportion 
would hardly commend itself to the rural districts ?— 
Well, that is a point for consideration, and it would be of 
value to take the experience of the Purification Board 
on the water of Leith water shed into account. In that 
case a private Act was granted by Parliament, and rating 
powers were given to the Board by which one rate was 
levied on one ciass of pol'utors and another rate on 
owners of land who were not guiity of any pollution. 

25402. To pass from that, how long have your Dort- 
mund tanks been in operation ?—Nearly two years now. 

25403. And you have found them satisfactory ?—Very 
satisfactory, without exception, satisfactory. 


25404. You are an advocate for the treatment of tank 
effluent by continuous filters as opposed to contact beds ? 
—Yes. 

25405. Why ?—Because I found when we employed 
contact beds that they choked up very readily, the water 
capacity in those contact beds very readily went down, 
and I was afraid as an engineer to recommend my Board 
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beds the medium of which I knew would require to be J. D. Wats», 


renewed from time to time. It landed me in tnis diffi- 
culty, that I wanted a loan for works for, say, thirty years. 
Lf would have been bound to have admitted that part of 
my work would be no use in the course of five or six years. 
I did not want to get into that position. 

25406. Well, is that applicable only to your own sewage, 
to Birmingham sewage ?—I have dealt with Birmingnam 
here and Birmingham alone. 

25407. Would not the same sort of thing apply else- 
where ?—To a very large extent. I can conceive of 
conditions where levels are so very unfavourable that it 
might pay one to put down contact beds, but unless the 
levels were very unfavourable to percolating filters, I 
should recommend the putting down of percolating 
filters without hesitation. 

25408. What would be the comparative cost between 
the two ?—I think that the percolating filter works out 
rather cheaper. 

25409. Not in construction, does it ?—Per 1,000,000 
gallons treated; taken in conjunction with the strength 
of the sewage. 

25410. Yes ?—And that is the right way to look at it. 

25411. It does work out cheaper ?—Yes, I think there 
can be no doubt about it at all, 

25412. And therefore, the life of the percolating filter 
is longer ?—The life of the percolating filter, constructed 
of granite or similar material, so far as one can see, is in- 
definite. 

25413. (Sir William Ramsay.) Do you wash out the 
percolating filters from time to time ?—The bottom ? 

25414. No, wash them out, wash them through ?—We 
have not found that necessary, but you can do it; you 
see the material is of larger size. But only ten days 
ago, a fortnight ago perhaps, we had a bed opened which 
had been at work for nearly two years ; we found that the 
bed was in a cleaner state at the end of two years working 
than it was when we constructed it. 

25415. (Mr. Stafford.) Have you had large experience 
with the contact bed ?—No. That is the reason 
why we have not thought it advisable to answer your 
contact bed questions ; 1 am. quite sure there are others 
who can give you much more reliable information with 
regard to contact beds than I can. 

25416. But you are still strongly of opinion that your 
own system is the cheaper system ?—Oh, there is no. 
doubt about it: the phys‘cal conditions of the site 
chosen for the works contribute to this, of course. 

25417. And the more efficient ?—And think the more 
efficient. I need not point out to the Com- 
mission that in the figures which I have given the cost 
of strong material is referred to; I have given no costs of 
such material as clinker and engine ashes, and material 
of that kind which is liable to resolve in water, or to break 
down by the action of air and water ; I have given granite, 
gravel, broken Staffordshire brick, and slag materia] 
which will not resolve in water. 

25418. In connection with that, what are the chief 
characteristics in your opinion of a good material for- 
percolating filters ?—I think almost any material can be 
used. The view which I have is that the interstices form 
a habitat for the organism; and that if you use a material 
which will not break down, you have there a filter which, 
is absolutely indestructible. 

25419. So that hardness is the ficst qualification ?.— 
Yes. 

25420. Would limestone be as good as granite ?—I do 
not think so; it might for some time be even better, but 
where you have lime you have liability to disintegration. 

25421. So that on the whole you think granite ig the 
best material you can use ?—I think on the whole that the 
order in which we have placed these is right; granite 
comes first. 

25422, Granite, broken bricks, cinerated slag 7—Yes 
then comes gravel, then furnace clinker, [I may say, Ay 
regards gravel, that our experience has been that the 
particles are too smooth, that on occasions when you 
have to run a larger quantity of sewage over your bed 
there is a liability to wash the organism out of the bed 
of asmooth surface: still, it is a good material, and ip 
Some cases cheap, 
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ROYAL COMMISSION ON SEWAGE DISPOSAL. iv ; 649 


wo EIGHTIETH DAY. 


Thursday, 15th June, 1905. 


PRESENT. 
The Right Hon. Tur Ear of IppESLEIGH (Chairman) presiding. 


Sir Writi1am Ramsay, K.C.B., F.B.S. 


Major-General CoNSTANTINE Puipps Carey, C.B., R.E. | 
Mr. T. J. Starrorp, F.R.C.S.I. 


Colonel T. W. Harprina, J.P. D.L. 
Mr. W. H. Pownr, C.B., F.R.S. 
Mr. F. J. Wiis (Secretary). 

ALSO PRESENT. 


| Mr. G. B. KersHaw. 
Mr. C. C. FRYE. 


Dr. A. C. Houston. 
Dr. GEORGE McGowan. | 


Mr. GrorcEe WATSON, M. Inst. Mech. E., A.M. Inst. C.E., Managing Director of the Horsfall Destructor Co., Ltd., 
of Leeds and London, called in; and Examined. 


é ; Mr. Geor 
25423. (Chairman.) You are, I think, Mr. George shortly after the plant was set to work; in the case of Woou. 
Watson, managing director of the Horsfall Destructor Bury the test was made on March 11th, 1902. M. Inst. 
Company, Ltd.?—That is so, my Lord. 25434. But do I understand that you have been burning ne i _ 
25424. I think you are of opinion that it is practicable the sewage at Bury since 1902 ?—No, my Lord, but t'e “CE a 


to get rid of sewage sludge by burning it in destructors ? 
—Yes, my Lord. it is. 


plant is there ready to burn it at any time. I think the ime 
burning lasted about eighteen months. I am not abso- 15 June 1905. 


25425. Can you burn the sludge alone, or has it to be 
burned in combination with town refuse ?—I should say 
that it never could be burned alone ; I think you should 
always have something to absorb the moisture, and I 
think town refuse is generally found the most con- 
venient material. 


25426. In what proportion must the house refuse be to 
the sludge ?—I should say that that depends entirely 
on circumstances ; it depends on the sludge and it depends 
on the refuse, but generally I should think one of sludge to 
two of refuse by weight. 


25427. Now, can you tell me this: in a town of, say, 
20,000 inhabitants, would there be sufficient house refuse 
to enable the whole of the sludge to be burned ?—I think 
so, my Lord. 


25428. That the house refuse you may practically say 


in all cases largely exceeds the sludge in quantity ?— 


I think so. It depends partly, my Lord, on the method 
of precipitation of the sludge. As regards the sewage 
in some cases they take more sludce out of it; in some 
cases less ; but I think in every case, whether with a ver- 
fect or imperfect precipitation of the sludge, you would 


have enough refuse to burn it. 


25429. Can sludge be burned as it comes out of a 
settling tank, or does it require to be pressed or treated 
in any way ?—My experience so far has been almost con- 
fined to pressed sludge. In one case I burned sludge 
for a short time which had been standing in the open 
air and had become air dried to a certain extent. I think 
if the sludge were allowed to be air dried or settled and 
to get ‘‘spade-able”’ that you could always burn it without 
pressing and thereby get a great economy, but it must 
be inconvenient in many cases to let it stand long enough 
to gét to a “spade-able”’ condition. If it is too moist 
to be ‘‘spade-able,” I think it would be better to be 
treated either by pressing or by air drying. 


25430. Do you know at all what the cost of pressing 
sludge is ; how much per ton ?—That is a little out of my 
department, but I believe it is 2s. per ton of the average 
of the presscd material. : 


25431. Are you satisfied that the sludge and the house 
refuse can always be burned without creating any nuisance? 
—Perfectly. My firm invariably guarantees that and 
takes the responsibility of it for a period entirely. 


25432. How many towns have you had actual ex- 
perience in ?—Two, my Lord—Bury and Huddersfield ; 
and I might add Chesterfield was the place where this small 
experiment was tried with the air-dried sludge. 

25433. How long have you worked in these two towns ? 
—The tests that were carried out were in each case made 


empsAp.1. & 


lutely clear about that as to the exact date when they 
stopped the regular burning but they worked regularly, 
I think, for eighteen months. 


25435. At Bury ?—It would be easy to ascertain 
exactly by writing ; but Ido not know for certain the 
exact length of time. 


25436. You said Bury and somewhere else ?—At 
Huddersfield. 


25437. What has happened at Huddersfield ?—At 
Huddersfield the test I referred to was made on the 8th 
December, 1898, and I telieve the plant was worked for 
two years at Huddersfield. 


25438. It was stopped there ?—They first burned the 
sludge with refuse, but they found that the cost of 
carting refuse out from Huddersfield was very high, 
as the plant was so far from the town, and then they 
burned the sludge for a time with coke breeze, and I 
believe they got very good results f.om that. I under- 
stand that for some time past they have not been 
using the plant; I think they are now finding another 
method of getting rid of the sl.dge, which costs them 
less. 


25439. (Mr. Power.) Is the destructor at the sewage 
works ?—In both cases ; and in both cases it is a long 
lead from the town, it is about three and a half miles, I 
think. 


25440. (Chatrman.) Can you tell me what the cost wa; 
of establishing your works at Bury and Huddersfield ?— 
I can give it you approximately, although my firm only 
carried out a portion of the work. The buildings and the 
chimney were builtin each case by the town themselves, 
but I think approximately at Huddersfield it would be 
£1,500 in addition t» the plant already existing on the 
works, which comprise a large chimney ; and in the case of 
Bury, I think it would be about £12,000 complete, includ- 
ing the chimney which was built specially with the view 
to the destructor. 

25441. (Mr. Power.) The destructor in each instance 
being intended to deal with sludge as well as the town 
refuse ?—Yes. 

25442. (Chairman.) £12,000 at Bury ?—At Bury, yes. 

25443. Then takinz Bury; what would you reckon the 
actual cost of the upkeep of the installation ?—May I 
give it to you in shillings per ton; if 1 give it to you 
in that form I think 1 can give it more nearly than in 
any other way, because I have not the detailed figures 
beside me. 

25444. Do ?—I think it better; it cost Is. 6d. per 
ton for every hing except the capital charges; when 
I say ‘“‘ ton’ I mean, of course, the ton of mixed refuse 
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and sludge in the proportion of two of refuse to one of 
sludge. 


25445. At Bury and at Huddersfield, too, was your plant 
calculated to take the whole of the sludge and the whole 
of the town refuse 7?—At Bury it was, but at Huddersfield 
it was only an experimental plan of two cells which 
were put in to replace a former plant which had been 
much more extensive. The former plant had been 
discontinued, I believe, mainly because it had not a 
drying hearth ; there were certain difficulties experienced, 
and they decided to pull that plant down and put in 
two of our back-fed cells, the same as the model I have 
shown you. 


2544%. But at Bury it was calculated to destroy the 
whole of the town refuse and the whole of the sludge 
from the sewage ?—I think not exactly, my Lord; I 
believe at Bury it was quite big enough to burn the 
whol: sludge of the town, but they were taking some 
of the refuse in another direction, I think they found 
there was actually more refuse at Bury than was required 
to deal with the sludge. 


25447. (Sir William Ramsay.) There are just one or 
two questions I should like to ask; I suppose there is 
no objection to burning more house refuse than the pro- 
portion of twotoone? You can deal with house refuse 
pure and simple ?—Oh, certainly; it of course gives a 
better result. 


25448. Are you affected by lime present as regards the 
sort of clinker formed; sometimes you say it is hard, 
sometimes soft, sometimes more or less porous; does 
that depend upon the amount of lime present in the 
sludge ?—I do not think lime is particularly injurious 
except in this way, if you are using a great deal of lime 
in the sludge and you afterwards wish to make the clinker 
into concrete works, you must be very careful that that 
lime does not afterwards burst up the concrete. 


25449. That is to say, it remains lime; it does not 
become carbonate ?—TIf there is a great deal of lime present 
it would have to be slaked, and if it were slaked afterwards, 
the clinker and the lime would have to be slaked together 
for any concrete works in order to slake the lime in the 
clinker as well as the lime added. 

25450. In giving your estimate of cost at 1s. 6d. per ton, 
I suppo-e you are making no al'owance for the profits on 
the clinker sold as such, or made into artificial stone, or 
used in any way ?—No, [am making no allowance for that. 


25451. Is there any allowance to be made on that at all ; 


is it a profitable article, in other words ?—I think that — 


the clinker made from sludge need not be always sold. 
I think in many cases it could be used for filter beds, 
but the main revenue that you can get for burning is the 
steam that it is possible to raise, provided you havea use 
for that steam on the sewage works ; for instance, if you 
wished to pump. 

25452. In making an estimate of ls. 6d. per ton, 
are you taking into account the value of the steam raised 
and deducting it from the amount ?—No, Iam taking that 
from the actual cost, but, as I said, I have to qualify that ; 
I am not absolutely certain of the exact figures at Bury ; 
what I have done is to prepare a statement of what can 
be done now. The Bury work is somewhat old now, 
and it is impossible to go by it; but I have made a com- 
plete statement of what can be done in the matter of 
sludge burning. 


25453. Could you give the cost and say whether there 
would be any considerable deduction from that ls. 6d. 
on account of the saving in the cost of steam raised by 
ordinary fuel; J mean, in the roughest possible way, 
would it take 6d. or 1s. off ; would it reduce it at all 7— 
I reckon if you can use the whole of the power raised for 
the whole 24 hours you can realise 8d. a ton of mixed 
material as against burning coal, and paying for stokers’ 
wages to burn the coal; of course, that depends 
entirely on the cost of coa) in the district and a great 
many other factors. 


25454. Do I understand you rightly to say that the 
1s. 6d. could be reduced to 10d. ?—Yes. 


25455. (Major-General Carey). Before providing a 
destructor of refuse and sludge, a local authority would 
have to very carefully consider whether the cost of cartage 
of refuse to the destructor or the sludge to the destructor 
would repay the cost of working the plant ?—Precisely, 
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sir, I think that every case has to be considered on its 
merits very carefully in regard to the local conditions, 
and I think that if there is a very long lead for the 


| refuse that it would pay to have mechanical transport 


for the purpose. 


25456. And a destructor for dealing with compoun 
refuse and sludge would principally be useful where 
pumping is required ?—Precisely. That is where the 
great utility of it would come in. 


25457. You would not be in favour of providing a de- 
structor for refuse and sludge where there was no pumping? ~ 
—Yes, sir, if the lead from the town was not too far and 
af there was a difficulty in getting rid of the sludge by 
selling it to the farmers or in a more profitable way. 


25458. Then in the case where there is a market for 
pressed sludge would you consider it advisable to destroy 
the sludge afterwards ?—No, sir, if you can get a market 
for the sludge it will, of course, pay better to sell it. 


25459. Only in this case, then, where there is no market 
whatever for the sludge ?—Or where the market is irreg- 
ular. In some cases the farmers will take it at one time 
of the year and not at another, and then you will have it 
accumulating and you would have danger of nuisance 
from the accumulation. I have not had experience of 
treating sludge by drying, but I should like to say in cases 
where you have:a destructor at work the heat from the 
destructor might be used for drying the sludge into a 
‘* poudrette ”’ instead of pressing it at all; by having steam- 
jacketed cylinders and treating the sludge as they do the 
pail contents at Rochdale, for instance. The ‘“ poudrette * 
is much more valuable as a manure than the pressed sludge. 


25460. As I understand, you have not made any ex- 
periments for destroying sludge without its being mixed 
with refuse ?—No, sir, except in the case of Huddersfield, 
where for a time they burned coke breeze with it instead 
of refuse. 


25461. (Mr. Stafford.) What is the situation of the 
destructor at Huddersfield ; is it near inhabited houses ? 
—No, it is a good distance from inhabited houses ; it is 
at a place called Deighton. 


25462. At Bury are there inhabited houses near ?-—At 
Bury there are houses comparatively near it. 


25463. Have there been any complaints of nuisance ?— 
None at all; so far as I have heard. ‘ 


25464. In either of thé towns ?--No; we burned it 
without any nuisance to the neighbourhood. 


25465. Is there any nuisance that you could recognise 
yourself, independent of the people in the neighbourhood ? 
—No, none at all. 

25466. No smell from the drying sludge ?—No; 
because, you see, it is all passed through the full heat of 
the main flue; and we maintain a temperature of over 
1700° degrees there, a bright-red heat; and it entirely 
burns up all fumes; there is also a dust catcher which 
catches the dust. I have brought a model to show you. 
how thatisdone. I believe in many cases what is thought 
to be smoke from a destructor shaft is really fine dust. 
We have a special means of extracting that and so making 
the products of combustion quite clear. 

25467. From your practical experience you say there 
igs no nuisance at all arising from the sludge destructor ?— 
No, we should not be in the least afraid of that. 


25468. What kind of clinker do you get ?—The clinker 
at Bury was certainly more porous and more spongy than 
the clinker we get when we are not burning sludge. - 

25469. Is there much lime in it ?—I think there was 
a considerable proportion of lime. 

25470. It is very soft and friable ?—Yes, very soft 
and friable. : 

25471. Therefore it would not be very useful for 
bacteria beds ?—No, I believe they found, as a matter 
of fact, that it was not so good as ordinary clinker for 
bacteria beds. 

25472. (Colonel Harding.) Your experience has been 
limited entirely, has it not, to the burning of sludge in 
connection with the town refuse ?—Yes, sir, that is so, 
except in the case where they left off burning town 
refuse and burned coke fuel with it. 


25473. Was that fuel purchased for the purpose 7?— 
Yes, at Huddersfield. ae 
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’ ROYAL COMMISSION ON SEWAGE DISPOSAL. 


25474. The position of sewage works necessarily is often 
outside a town and in a situation unsuitable for a des- 
tructor ?—Unsuitable from the point of view of the 
heavy cartage, yes, sir, that is so. 


25475. We should be therefore particularly interested 
to know your view as to the practicability of dealing 
with sludge independently of the refuse; is it a matter 
to which you have devoted any attention ?—No, sir, 
except that I can say this, it can be done easily with 
bought fuel. 


25476. Do you think it is financially practicable ta 
burn sludge without town refuse, but with the addition 
of some low class fuel ?—I think there are very few 
cases where it would be financially practicable. 


25477. Where it would be financially practicable 7?— 
Yes, I think in most cases there would be other means 
for disposing of the sludge, which would cost less money 
than burning it with bought fuel. ; 


25478. We must not use that term loosely ; there is 
sludge and sludge ; when you speak of the destruction of 
sludge by burning you mean sludge which has been con- 
siderably dried ?—Yes, pressed or air dried. 


25479. You do not mean liquid sludge. Your view 
is that there is considerable financial difficulty in dealing 
with sludge by burning and your reference is to dry 
sludge ; quite obviously it is impracticable to deal with 
liquid sludge ?—Oh, yes. 

25480. The cost of evaporating the water would be all 
too great ?—It must be either air dried or pressed ; lying 
in outside tanks for a time. 
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25481. What do you find to be the proportion of water 
in the pressed cake ?—I believe it varies from 70 up to 
90 per cent., according to the amount of pressing. 


25482. But there is not above 70 in the cake ?—Well, 
I should say it was a bad result if above 70. 


25483. Have you not many cases of less than 70 ?— 
I cannot say at this moment; I have no doubt it can be 
done. 


25484, I rfbtice in the figures you give us, the figures 
are 70. Then, in your experience, we are to take it that 
sludge cake contains 70 per cent. of moisture ?—Yes. 


25485. In your experience, when you speak of the prac- 
ticability of burning cake, you are referring to cake 
containing 70 per cent. of moisture ?—That is so. 


25486. You are not very sanguine of dealing financially 
with cake by the addition of very low class coal in the 
neighbourhood of a colliery, are you 2—Well, I think 
if you could get colliery pit heap you could almost get 
that for nothing ; in a case like that it would pay. 


25487. If you can get a colliery heap near a sewage 
works and mix small coke with the dry cake you could 
so burn it ?—Yes, in that case it might pay. 


25488. One may take it the fuel value of the cake 
itself is practically nil ?—That is so. 


25489. Unless it be in a case like Elland, where there 
might be grease in the sewage ?—Yes, in ordinary cases it 
would take all the fuel value to evaporate the water. 
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25499. (Chairman.) You are, I think, Mr. Walter 
Francis Goodrich, the London manager for Messrs. 
Meldrum Bros., Ltd., Timperley, Manchester ?—Yes, sir. 


25491. I understand that you are of opinion that it is 
practicable to get rid of sludge by burning it in a destruc- 
tor ?—Yes, sir. 


25492. Will you tell me whether you think that you 
can burn sludge alone, or must it be burned in combina- 
tion with house refuse ?—Well, in reply to that I think 
I should be inclined to say that it would depend a great 
deal on the composition of the sludge. I have in mind 
particularly the case of Elland, where the sludge is of a 
rich character, and in similar cases I think it would be 
possible to burn the sludge when it had been pressed, even 
without mixing it with refuse. 


25493. In the ordinary case you consider that at all 
events it is very desirable that it should be mixed with 
house refuse ?—That is so, 


25494. And in what proportion should the house refuse 
be to the sludge ?—Two to one is a very good proportion. 


25495. Well, then can you say in a town, we will say, 
of 20,000 inhabitants, would there be house refuse enough 
to enable the whole of the sludge to be burned ?—I should 
say so in the average town. 


25496. Taking the proportion of 2 to 1 ?—I should 
say in the average case there would be. 


25497. In the average case there would be 7—Yes. 


25498. Can sludge be burned as it comes out of a 
settling tank or must it first be pressed or treated in any 
way ?—It is certainly advisable to take as much of the 
moisture out of it as possible either by exposure to the 
atmosphere, by draining, or by pressing. 


25499. What is the cheapest way of treating the 
sludge ?—Do you mean for extracting the moisture ? 


25500. Yes ?—Well, the cheapest way, I should think, 
would be to expose it to the atmosphere and to drain 
as much of the moisture off as possible; and in some 
places we get very good results ; in that way reducing the 
percentage of moisture very considerably, even beyond 
what has been accomplished with presses in other instances. 

25501. Can you give us any estimate of what the cost 
of air drying the sludge would be per ton ?—That, I am 
afraid, I could not give you. 

25502. Or of pressing the sludge per ton ?—I am afraid 
I could not give you the cost of pressing the sludge rer 
ton either. 
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25503. Do you feel sure that in all cases it is. possible 
to burn sludge and the house refuse without creating a 
a nuisance ?—Oh, yes, undoubtedly. 


25504. In what towns have you had actual experience ? 
—Bolton Corporation, Elland Urban District Council, 
Leyton Urban District Council and Walthamstow Urban 
District Council. 


25505. Thatis four 7—Four. 


25506. Will you say in each case how long you have 
worked there ?—Leyton is a matter of ten years, Bolton 
three years, Elland about two years, and Walthamstow 
is quite a new plant; it has only been in operation for 
about three months. 


25507. Then we may leave that last out ; you have been 
working at the other three places for years ; you are work- 
ing there still, are you ?—Some years, we are working 
there still. 


25508. Can you tell me in each case what the cost of 
establishing your works was ?—Well, at Leyton the 
plant is a pretty big one; it is dealing with, I think, 
about 140 tons of refuse and sludge per day; there is 
seventy-five tons of refuse and seventy tons of pressed 
sludge. The total cost in that case was £9,000, in- 
cluding engines and boilers, the chimney, and a hoist for 
lifting the sludge on to the top of the cells. Of course, 
the engines really have nothing whatever to do with the 
destruction of sludge, but they were merely put in as part 
of the entire plant at that time. 

25509. Then the cost of establishing works is £9,000 ? 
— £9,000. 

25510. And have you any idea of what it costs annually 
io keep them up ?—Yes, in this case, according to the 
latest figures available—this is at Leyton—£150 per 
annum ; but again, unfortunately, in that annual amount 
they have included the cost of upkeep for the pumping 
plant as well, which, of course, has nothing to do with 
the refuse or sludge destructor. 

25511. Now, do these works deal with the whole of 
the sewage ?—So far as I am aware, they are burning the 
whole of the sludge they have available at Leyton in 
addition to the whole of the refuse collected. 

25512. In fact the works at Leyton destroy the whole 
of the sludge end the who!e of the town refuse 7—Exactly. 


25513. Very well, that is Leyton ; now as to Bolton ?— 
Bolton is, of course, a more recent example; it has 
been in operation now for about three years. The de- 
structor was primarily erected, I think, to destroy the 
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whole of the sludge with a proportion of house refuse ; 
bat unlike Leyton the Bolton works are situated some 
considerable distance out of the town, two miles south 
I think, from Bolton, and the authorities have not found 
it advisable to continue carting refuse such a considerable 
distance in order to burn it along with the sludge; there- 
fore, at times they have burned a proportion of coal dust 
with the sludge rather than cart the refuse out. Then, 
although the destructor was primarily erected for 
destroying ‘ludge owing to the difficulty of disposing of 
it by other meins, since that time they seem to have 
been able to get rid of sludge to farmers from time to time, 
and at the present time I think farmers are occasionally 
taking it ; they have a sludge store there, and sometimes 
they have some sludge on hand; at times they have 
plenty of sludge to destroy ; at other times they have 
no sludge to destroy at all; it seems to fluctuate very 
considerably. 


25514. (Mr. Power.) It is pressed sludge ?—All pressed 
sludge, sir. 


25515. (Chairman.) What was the expense of erecting 
your plant there ?—The Bolton plant cost about £7,000. 


25516. And what is the annual cost of the up-keep ?— 
The annual cost of the up-keep at Bolton, £14 per annum. 
Of course, it is hardly fair to compare a case like Bolton, 
where the destructor has only been in operation three 
years, with a case like Leyton, where they have been 
working for 24 hours a day for ten years. Then in the one 
case the repairs cost is confined ‘to the destructor pure 
and simple ; and in the other case there is pumping plant 
and so forth included, which has nothing to do with the 
destructor. 


25517. At all events the plant at Bolton is calculated 
to burn the whole of the sludge ?—Oh, yes, it would 
destroy the whole of the sludge without any difficulty. 


25518. Well, then, what was the cost of establishing your 
works at Elland ?—At Elland the cost was within £3,000, 
but in that case, of course, the plant is very much smaller. 


25519. Was it calculated to destroy all the sludge ?— 
Oh, yes. 


25520. And all the town refuse 7—And all the town 
refuse. 


25521. (Mr. Power.) And its relation to the town— 
is it far away ?—Oh, it is quite central, sir ; it is combined 
with the electricity works. 

25522. And the sewage disposal works ?—And the 
sewage disposal works. 


25523. (Chairman.) Does it destroy the whole of the 
sludge and the whole of the town refuse ?—Yes, and 
unfortunately, owing to the occasional scarcity of 
retuse and the scarcity of sludge the plant is rather 
frequently idle; I believe it is idle at the present time. 


25524. But it does actually destroy the sludge ?— Oh, 
yes, it is capable of destroying the whole quantity without 
any difficulty. 


25525. Yes, I mean it is not only capable of it, but it 
does do it ?—Oh, yes, it does do it. 


25526. And it does do it regularly ?—It does do it 
when the material is available. 


25527. And what is the annual cost of the up-keep 
there 7—Up to the present time nothing at all; it has 
been working 14 years ; nothing whatever has been spent 
so far. 


25528. (Mr. Power.) Elland I am speaking of now, 
being centrally situated, as you say, has there been any 
complaint of nuisance arising from the process ?—Nothing 
whatever that I am aware of. 

25529. Is it near to houses ?—Yes, it is near to houses, 

25530. What class of houses—artisan ?—Mostly 
artisan, I think, sir; it is a small manufacturing town. 

25531. And at none of these places have you had any 
complaint of nuisance ?—Not that I am aware of, sir; 
of course, in the case of the Bolton—— 

25532. Imean there has been no formal complaint to the 
authorities ?—No, sir. 

25533. When you are driven to burn small coal in the 
absence of town refuse, do you barn it in the same -pro- 
portion to the sludge as if you were using town refuse, 
or is it less ?—Oh, considerably less. Ishould say, to take 
an average case, 1 cwt. of dust coal to 1 ton of sludge. 
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25534. In the proportiou of 1 to 20 ?—Yes, sir. 


25535. (Sir William Ramsay.) [see you state that there 
is a very considerable calorific value from sludge cake 
in excess of that required to evaporate the water ?—Yes | 
sir. 

25536. Could that calorific value be used to dry the 
sludge rather than make it into sludge cake; I want to 
put the problem in this sort of way, starting with wet 
sludge, would the energy that you could get out of it 
be sufficient to evaporate its water ?—Oh, yes, I think so. 


25537. It could be made a cycle, so to speak ?—Yes, 
I think something of the sort has been done at the Dal- 
marnock works of the Glasgow Corporation in connection 
with the sewage disposal works there ; I think they have 
a dryer in use, a sludge dryer of American origin, known 
as the ‘‘ Cammer dryer,’ where the heat is utilised after 
passing from the destructor through the boiler, then 
through the sludge dryer, drying the sludge, which sludge 
is evenitually disposed of as a fertilis*r; something of 
the same sort was contemplated at Walthamstow, but 
the authorities dropped it on account of the initial 
expense. 

25538. Have any experiments been going long enough 
to enable one to say that taking the cost as a whole, that 
is to say the cost of drying the sludge, and the gain by 
heat in burning it, the selling value of the clinker, that 
they balance out to give anything in the shape of a profit 
on the right side, or if there is a loss what sort of loss 
would be suffered ?—Well, that entirely depends upon the 
circumstances, sir; if it is possible to fully utilise the 
resulting power, and to sell or use the whole of the clinker, 
and also if the works are embarked upon with reasonable 
economy, without putting too much money into the 
chimneys and buildings and so forth, I should say it is 
possible to operate such a works without incurring any 
loss ; I should not like to say, taking the thing as a whole, 
that it is possible to make a profit; although there are 
some few isolated instances where a net profit is actually 
being made, but not where sludge is being burned though ; 
where we are dealing with house refuse alone. 


25539. House-refuse ; then, of course, the house refuse 
has not to be dried, the sludge has to be dried; which 
makes a difference ?—Exactly so. 


25540. Your impression is that it might be made if 
not to pay, at all events not to make a loss ?—Self-support- 
ing. 

25541. From sludge alone ?—Yes, sir. 

25542. (Major-General Carey.) You have given the 
opinion in some cases that you have brought forward as 
typical that they prove the case for combined sewage and 
destructor works conclusively ; that is only when the 
conditions are favourable ; that is to say, when the sewage 
works are not too far away from the destructor, or if the 
destructor is near the sewage works the cost of cartage 
of refuse has to be considered ?—Exactly ; I think there 
I refer to certain specific conditions ; that is where the 
destructor is adapted to boilers which already exist, as in 
the case of Aldershot in Hereford, which I have quoted, a 
chimney also existing, so that part of the expense which 
would be incurred in connection with an entirely new 
plant is saved ; therefore, the capital expenditure being 
low, it is an easy matter to very quickly recoup it. 


25543. Then if the destructor is some way from the 
town, and the sewage works are some way from the 
town, the cost of carting the refuse would always be a 
very serious item ?—Yes, that is so, but in some towns 
something might be done on the lines to what has been 
done at Hereford. There they only use 10 tons of refuse 
at the sewage works for providing the whole of the power 
that they want every day, and they arrange to collect 
that 10 tons of refuse as near to the sewage works as 
possible, 10 tons of refuse only being rather less than 
half of the total collection of house refuse in Hereford, 
something might be done in that direction in other 
towns where less than the whole of the refuse would be 
sufficient to provide the whole of the power required. 


25544. Would you advocate the provision of a de- 
structor for sewage sludge only in cases where the 
sewage outfall works are a long distance from the town ? 
—Well, I think one has to take into account the calorific 
value of the sludge; in every case of that kind it is a. 
matter which ought to be looked into and considered on 
its merits. 





25545. I am now referring to a case where the sludge 
cannot be disposed of readily at a profit, or there is 
some difficulty in getting rid of it at all ?—Well, it is 
pretty difficult to answer a question of that kind gener- 
ally, sir, because if we take the case of Bolton, where 
it does not pay to take house refuse to the destructor ; 
they are very well situated for getting a supply of dust 
coal, fine coal for burning with the sludge instead of house 
refuse, Bolton, of course, being quite near to collieries ; 
but if we speak generally, if we take a case quite the 
opposite—some of the towns down here in the south—it 
might be very costly to get dust coal; that naturally puts 
a different complexion on the case entirely. 

25546. The clinker that is produced is not at all satis- 
factory, that is the clinker produced from the destruction 
of the sludge and refuse ?—I have never heard any 
complaint about it, sir, when the refuse and sludge is 
burned satisfactorily. 

25547. It makes a close hard clinker ?—Oh, yes, sir; 
in fact, I think in every case that I have tabulated here 
from recent information there is only one or two towns at 
most where they have any difficulty in getting rid of 
the clinker, that is where they are not able to record 
an actual revenue from the clinker. 

~ 25548. (Mr. Stafford.) Do they use the clinker in 
bacteria beds ?—Oh, yes, sir, in quite a number of cases 
I cannot give you the number off-hand, but I have them 
all tabulated here and I could very soon give them to 
you if you like to have them. 

25549. They do not find it too soft, do you think ?— 
Well, there has been soft clinker on the market in years 
gone by, but I do not think one often hears a complaint 
now about soft or unsuitable clinker. 

25550. They find it entirely suitable for bacteria beds ? 
—Oh, yes ; enormous quantities are being sold now, sir. 

25551. You are referring now to the places you know 
of where it is in use ?—Yes, I have all of them before 
me now, the information being tabulated during the 
last fortnight. 

25552. Are these places where the sludge is burned ? 
—Some of them. 

25553. And the clinker that is produced is not a friable 
clinker ?—No. 

25554. You are speaking of all the places that you 
have got on that list ?—I have about forty of them here. 
Of course, there are only three or four of them where 
sludge is being destroyed with refuse, but even in these 
cases clinker is being used or sold with one exception. 

25555. You have personal experience of all those 
forty places ?—Not of every one of them. 

25556. How many of them would you say you have 
personal experience of ?—Half of them, perhaps. 

25557. In those twenty places you say the clinker 
is quite satisfactory ?—I should say so; yes, sir. | 

25558. (Sir William Ramsay.) Is it not possible that 
the demand for clinker will cease ; I mean, the renewal 
of the bacteria beds does not require to be very frequent, 
and at present when bacteria beds are being put up 
in large numbers there is a great demand for clinker ; 
but after a little, surely that will cease ?—That is so, but 
then you are speaking only of that particular outlet for 
clinker ; there are various outlets—paving, flags, bri-ks, 
concrete, mortar. 


25559. (Mr. Stafford.) But where the sludge is pressed 
there is bound to be a certain amount of lime in the 
elinker ?—Oh, yes. 

25560. And if there is lime in clinker will it not be 
very friable ?—Well, we have not noticed that difficulty. 
I have seen unsatisfactory clinker when sludge is being 
burned, and I have seen very satisfactory clinker; in 
fact a clinker which the uninitiated man would hardly 
be able to tell from clinker produced from house refuse 
alone. 

25561. Some of the clinker at some of those places 
is unsatisfactory ?—I have seen it unsatisfactory, but 
not in any very large quantity. 
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25562. But your experience is that it is a useful clinker 
for bacteria bed purposes ?—Yes, sir. 

25563. (Colonel Harding.) Where it is unsatisfactory 
do you attribute it to the presence of the lime used in 
pressing ?—No, I should not be inclined to put it down 


to that altogether; I should rather be inclined to put 15 


it down to the unsatisfactory working of the destructor ; 
that is, the destructor has not been operated at a con- 
tinuously high temperature, or in other cases where 
far too much refuse has been rushed through the cells 
without giving the material proper time for cremation, 
or without giving the residuum proper time to become 
hard and vitrified. 


25564. When you tellus you have met with cases where 
the clinker product has been unsatisfactory, you do not 
mean to convey that it was unsatisfactory because of 
the addition of sludge, but it was unsatisfactory for 
other reasons ?—I certainly do not mean to convey 
that it was unsatisfactory entirely owing to the fact 
that s'udge was being burned. 

25565. That is rather what we want to get at: does the 
burning of sludge in connection with the refuse injure 
the qua'ity of the c\inker ?—I should say, generally speak- 
ing, it does not, if the two classes of material are being 
properly destroyed; that is if the destructor is being 
intelligently handled. 

25566. Then you think it is quite practicable to make 
a good vitrified clinker from a mixture of refuse and 
sludge cake ?—Yes, sir, I do; but I do not think that 
the average clinker which is produced from sludge and 
refuse would be equal to the very best clinker that is 
produced from refuse alone. 

25567. Then the addition of sludge does increase the 
difficulty ?—It does increase the difficulty, to some 
extent. 

25568. Now, reverting to the case which you mentioned 
to us where, I think at Bolton, the coal dust has been. 
used to burn the sludge cake without town refuse at all 2 


' —Yes, sir. 
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25569. Are you able to give us what would be the cost. 


of a process of that kind: the cost per ton of burning 


sludge cake by the addition of inexpensive fuel such as- 


coal dust to the extent of one cwt. to the ton ?—Yes, 


sir, | think I can give you that; 1 have got the average 


labour cost per ton destroyed at Bolton, I think for tre 
last twelve months for the year 1904—. Od. per ton. 


25570. Was that when they were using the coal dust, and 
not the town refuse 7—It covers the whole year during 
which time they burned at some times refuse and at 
other times coal dust. 

25571. In fact you are unable to give us the separate 
figures bearing upon the experimental process ?—I could 
not give you the separate figures ; I can only give you 
the average over the year. 


25572. Do you think from your general knowledge it 


would be financially practicable to burn sludge cake with. 


coal dust, provided coal dust were available in that im- 
mediate neighbourhood ?—Yes, sir. 


25573. You think it is quite practicable ?—Oh, yes 
it can be done. 


25574. And you can make destructors to deal with 
sludge and the coal dust in that way ?—Yes, sir. 


25575. And you do not anticipate that the burning of- 
such a mixture would cause nuisance ?—No, not at ali. 


25576. In fact. there is no instance that you know of 
where this is being done ?7—As I have already explained. 
it seems to be done at Bolton only periodically. 


25577. Only occasionally ; but you do not know any 
plant which has been constructed for the purpose of 
dealing with sludge ake with such addition only as might: 
be necessary to enable it to be burned without town 
refuse at a!l ?—1 do not know any case, sir, where those 
particular conditions have arisen requiring the constant 
utilisation of coal dust instead of refuse, 
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Assoc. Inst. 
Mech. E. 
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15 June 1905. 











Population - = - - - - 30,000 7,109 
System of Sewage disposal - - - Bacteriological Septic tank and double contact 
beds. 
Average daily volume of Sewage 900,000 gallons 100,000 gallons. 
pumped 
Average height of lift - - - - 19 ft. 65 ft. 
Brief description of pumping plant —- Compound horizontal engines Worthington triple expansion con- 
and three throw pumps. densing double-acting engines. - 
Make and type of Destructor = - - | Meldrum’s Regenerative Front Meldrum’s Regenerative Front 
Fed. Fed. 
Number and type of boilers-  - ~— - 2 Lancashire 2 Cornish. 
Working steam pressure - - - 70 lbs. 80 lbs. 
Number and type of supplementary 1 Lancashire None. 
boilers 
Periods when such boilers are used — - During Destructor cleaning When refuse is insufficient breeze 
is burned in Destructor. 
Average weight of refuse daily destroyed 18 tons 4 tons in winter. 
ji 3 tons in summer. 
Number of working hours daily - - 24 6 
Approximate weight of clinker produced me 1 to 1} tons 
daily 


Weight of sewage sludge, if any, - es 
destroyed daily 


Percentage of moisture in sludge- = - _— ah: 





Actual saving in coal cost per year due == £80 to £100. 
to Destructor 
Basis of calculation - - -— - i Coal cost. 
Actual labour cost per ton of refuse 82d. 8d. 
destroyed 4 
How clinkerisutilised- - -  - _ Bacteria beds. 
Actual value of clinker per annum = £100 . 
Basis of calculation = - - - a 500 tons at 4s. local value. 
Saving in cartage cost, if any, due to Nil Nil. 
disposing of refuse at Sewage 
Works 
Average repairs cost to Destructor per £10 Nil in 2 years. 
annum 
Total cost of Destructor plant - = - £2,000, including buildings £2,000, minus building and 
chimney. 
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Mr. W. E. Avrnry, D.Sce., recalled; and further Examined. 


25578. (Chairman.) This is a paper you hand in to us 
dealing with the question of the quantitative determination 
of the “strength” of sewage, tank liquor, etc. ?—-Yes. 
The question of the quantitative determination of the 
strength of crude sewage, tank liquor and sewage effluents, 
is an extremely complex one. Those constituents, which 
are commonly associated with refuse waters, can no doubt 
be estimated by the ordinary methods with sufficient 
accuracy, but the results, when obtained, do not afford 
the information required, at least so far as they can be 
interpreted in the light of present knowledge. 


Perhaps the best way of approaching the question is first 
to gain a clear conception of the character of the informa- 
tion which is required. 


For all practicai purposes a crude sewage may be 
regarded from the point of view of the requirements for 
its purification. It is known that the chemical changes 
which bring about the purification are the result of the 
activities of living organisms and not of direct chemical 
action. The purification of sewage therefore involves the 
consideration of physiological as well as of chemical 
processes ; and the information required concerning the 
sewage, or sewage effluent, in order to estimate its strength, 
is its behaviour when undergoing aérobic bacterial fer- 
mentation. 


Only two of the physiological processes which are set 
up by the organisms during aérobic fermentation are of 
importance, so far as regards the strength of a sewage or of 
a sewage effluent. They are digestion (enzymic action), 
and respiration (oxidation) under aérobie conditions. 


The other physiological processes, constructive meta- 
bolism, and excretion, need not be considered in 


detail. Their total effect can, if desired, be indirectly 
estimated as I shall show later on. 

I may quote in explanation of my meaning the results 
of some experiments which I have made with dilute 
solutions of known strength and composition. The sub- 
stances which were employed may be regarded as types 
of those to be met with in crude sewage and other waste 
liquors ; and the organisms effecting the fermentation 
may also be regarded as typical of those to be met with 
in river water. The solutions may therefore be regarded 
for the purposes of study as sewages, with the added. 
advantage that their compositions and strength were 
accurately known. The results of these experiments’ 
have been published in a paper entitled “‘ Chemical 
Changes attending the aérobic Bacterial Fermentation 


of Simple Organic Substance’ and published in thé 


Proceedings of the Royal Irish Academy, vol. 25, section B, 
1905. 

A feature of importance in connection with the experi- 
ments | am about to quote need some reference. 


ensured during the fermentations. In those cases in. 
which it was only desired to study the initial stages of 
them, the oxygen dissolved in the water was relied upon. 
as sufficient. When, however, it was necessary to study 


the results of the later stages of the fermentation, a- 


known and sufficient volume of air was left in the vessel 
containing the solution, the volume of which was also 
known. ‘The solutions were also well shaken from time 


to time during the progress of the experiments, in order’ 
to prevent the bottom layers of the solutions from being: 


de-oxygenated. The strength of the solutions further- 
more were adjusted so as to be about equivalent to the 
organic carbon content of a crude sewage. 


Taste I.—Fermentation of Rochelle Salt. 


ANALYSES giving the oxygen consumed, and the inorganic products formed, by the respiratory changes 


exerted by water organisms during the earliest and later stages of 
containing -141 grm. Rochelle salt (equivalent to 44°64 c 


phospbate, and potassium chloride, per litre. 


their development and activity in solutions. 


e. CO,), and -1 grm. each, sodium carbonate, potassium 


. . r . . . . . : 
The gases are stated in c.c. at N.T.P., and the organic nitrogen and ammoniacol nitrogen in grammes, per litre. 
























































| 
| : Respiratory 
Dissolved gases. Oxygen changes. 
© a F N.as | Organic | absorbed 
No. Description of Experiments, NH, N. | from air i 
in flask. CO, 0, 
CO, ~ O03 N, formed. | absorbed. 
40 | Solution when freshly made - - | 22-45} 6-89 | 13-63! 0-0 0003 — — — 
41 | Portion of the solution 18 days | 23-47! 6-89 | 13-70! 0-0 ase = 1-02 ees 
later. 
42 | Another portion similarly kept - - | 26°58| 5-45 | 13-57| 0-0 — _- 4°13 1-44 
43 | Another portion similarly kept - - | 30°11) 3-52 | 13-69! 0-0 — — 7°66 3°37 
44 | Another portion kept 20 days - - | 34:10] 163 | 13°59| 0-0 — — 11°65 5°26- 
45 | Another portion also kept 20 days - | 36-78| 0-44 | 13-61 0-0 — — 14°33 6-45. 
46 | A portion of No. 43 after further | 44:18! 6-38 | 14:46! trace — 10°7 21°73 11:21 
keeping for 38 days in contact 
with 409-2 ce. air per litre. 
47 | A portion of 45 kept in contact | 50-01] 6:01 | 13-83) trace — 15:06 27°56 15-94. 
with 507 cc. air per litre for 15 
days longer. 
48 | Portion of 44 kept in contact with | 55-29} 6:14 | 15-11| trace 0002 19-2 32°84 19-95- 
497-7 cc. air per litre for 43 days 
longer. 
49 | Portion of 42 kept in contact with | 55-78| 5-98 | 14:63] trace | 0002 18-27 33°33 19° 2 
: 430°8 ce. air per litre for 47 days 
longer. 
50 | Porticn of 41 kept in contact with | 56-4 | 4:76 | 14:99] trace | -00025 ‘18-9 33°95 20-93 
241 cc. air per litre for 95 days 
longer. 


It is the 
manner in which a supply of atmospheric oxygen was. 


Mr. W. E#. 
Adeney, 
D. Se. 





15 June 1905. 
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On carefully examining the results recorded for Nos. 
48, 49 and 50, which represent the completion of the 
fermentation, it will be seen that only about 75 per cent. 
of the carbon originally present in the Rochelle salt was 
oxidised to carbon dioxide, and further that the substance 
was oxidised in two equal stages. 

During the first stage the proportion of oxygen absorbed 
to carbon dioxide formed was as 1:2, and during the 
second stage as 3:4. 

These proportions show that the two stages of oxidation 
which Rochelle salt undergoes when fermented broadly 
consist of (1) a partial oxidation to sodium potassium 
malate, carbon dioxide, according to the equation ~ 


20,H,KNaO,+ 20, = C,H,KNaO;+ 4CO,+ 2H,0+ KNaO 
and (2) a complete oxidation of the malate to carbonic 


MINUTES OF EVIDENCE : 


dioxide and water, according to the equativn 
C,H,KNaO, + 30, = 4CO, + 2H,O + KNaO. 

The volume of carbon dioxide actually formed on the 
completion of the fermentation of the Rochelle salt was, 
as shown by experiment 50, 33-95 cc. The volume of 
oxygen required to form this, according to the above two 
equations, is 21-22 ce. The volume actually found by 
experiment was 20-93 cc. 


We learn, therefore, from these experiments that when | 


Rochelle salt becomes dissolved in water and suffers aérobice 
bacterial fermentation, about 75 per cent. of it undergoes 
respiratory changes or oxidation, while 25 per cent. is 
taken up by other physiological processes for the forma- 
tion of constructive material, and certain coloured organic 
substances of an excretory nature. 


TapLe Il.—The Fermentation of mixed Rochelle Salt and Urea. 


ANALYSES giving the total atmospheric oxygen consumed, and the products formed by the respiratory and 
enzymic chanzes exerted by the organisms during the earliest and later stages of their development and activity in 
solutions containing 0-225 grms. urea (equivalent to 83-7 cc. carbon dioxide, and v:105 grms nitrogen), and O'l41 


grms. Rochelle salt, per litre. 
































: i ~ Respiratory . 
Dissolved gases. Nitrogen changes. Enzymic crack 

No. Date. 2 as 

Tae, < 1 ore nen AINE Corer oct, 
COs G:C.) 7,05 C0. al ts Oe co, 0, Co, |- NH; 

E10 At commencement - - -| 1960 | 5 34 11°25 | 0-0002 — — — — 

i 11 | Six days later - - - - |\ 3204 | 0-19 | 10-69 0-0003 12-36 5:15 0-08 0 0001 
42 | Nine days later - - = a265 | 0:00 10-79 0:0007. 12 65 5°34 0-40 | 0:0005 
13 | Twelve months later - - | 33°38 0:00 | 1105 | 0-0009 13 14 5°34 0-56 0 0007 
14 | Seven days later - - - | 70:25 4-74 13-31 0-0220 33°11 2215 17°54 | 0°022 

Atmosphere of flask in No. 14:— | 
| At commencement - : - 0 00 | 160°84 | 606-34 — ; oo— == se eae aa 
| At conclusion - - - -| 000 | 18809 | 601-88 | — s,s eae aes 








At first sight it would appear that the fermentative 
results obtained in the foregoing experiments are not 
comparable with those given in the first table of experi- 
ments, but on closer inspection they will be found to be 
precisely similar, so far as the respiratory or oxidation 
changes which the Rochelle salt suffered in the two sets 
of solutions are concerned. 


Experimental proof is given in the paper from which 
these tables are quoted, to show that in these experiments 
the urea suffered no appreciable respiratory changes, but 
simply an enzymic change according to the equation 


CON,H, + H,0 = CO, + 2NH,. 


It is consequently possible to differentiate the products 
of the enzymic change of the urea from those of the 
respiratory changes suffered by the Rochelle salt, and 
these two sets of changes are distinguished in the table. 


Thus the 0-22 grms. nitrogen as ammonia, which was 
formed in experiment 14 is equivalent to 17°54 cc. carbon 
dioxide, in accordance with the above equation. This 
deaves a volume of 33-11 cc. carbon diexide as formed by 











the result of respiratory changes suffered by the Rochelle 
salt. 


The volume of oxygen theoreticaliy required for the — 


formation of this volume of carbon dioxide by the com- 
plete oxidation of Rochelle salt, is 20-7 ce. The volume 
of oxygenactually absorbed in experiment 14 was 22-75 ce, 


Thus the volume of carbon dioxide formed and of 
oxygen absorbed during the complete fermentation of 
similar quantities of Rochelle salt, both in the presence 
and absence of urea, may be taken as practically similar. 


It is evident, therefore, that the introduction of urea 
into the solutions of Rochelle salt did not appreciably 
affect the fermentations which proceeded in them, so far 
as the respiratory changes were concerned. 


The urea did, however, affect the fermentation in one 
very important particular, It enormously increased the 
rate of the fermentation. , Thus the fermentation of the 
Rochelle salt in experiment 14 was complete in 7 days in 
the presence of urea, while in its absence the same quantity 
of Rochelle salt required at least 65 days for similarly 
complete fermentation (see experiment 49, Table 1). 


ee 
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It will be seen from this table that the whole of the 
asparagine was very rapidly changed by enzymic action 
into aspartic acid and ammonia, and that the respiratory 
changes were subsequently exerted upon the aspartic 
acid so formed, in accordance with the following equa- 
tions :— 

C.H, (NH;) (CO. NH.) (CO,H) + H,O= 
C,H; (NH.) (CO2H), + NH; (1). 

C,H; (NH.) (CO;H),+30,=—4C0.+ NH;+2H,0. (2) 

From equation (1) itis seen that, asa result of hydrolysis 
one-half of the nitrogen in asparagine is retained in the 
product, aspartic acid, and one-half goes to form ammonia. 

Since, in the case of asparagine, ammonia is the sole 
inorganic product of enzymic change, the whole of the 
carbon dioxide formed during its fermentation may be 
regarded as the result of resp‘ratory changes. 

The experiments recorded in the Table form a series 
illustrating different stages of fermentation from com- 
mencement to completion; and the course of the fer- 
mentative changes are best shown by the accompanying 
curves; thus, when the carbon dioxide and ammonia 
are plotted together, the course of change is represented 
by two straight lines, one showing the course of enzymic 
changes, the other the after-effect of respiratory changes 
upon the aspartic acid, the organic product of the first 
mamed changes. (See Appendix to Dr. Adeney’s evidence, 
page 679). 


MINUTES OF EVIDENCE : 


The volumes of carbon dioxide formed and of oxygen 
absorbed are in the proportion of 4:3, which is in 
accordance with the above equation (2); and when they 
are plotted together, a straight line is also obtained. 


It may therefore be concluded that the absorption: 
of the greater part, if not of the whole, of the oxygen may 
also be regarded as due to respiratory changes. 


The quantities of carbon dioxide and of ammonia 
which resulted from the complete fermentation of the 
solutions of asparagine employed are shown by the results 
of experiments 23 and 24 with the first solution, and by 
experiments 28 and 29 with the second solution. They 
may be taken to be 56°25 c.c., and 0°01 grm. nitrogen 
as ammonia, per litre. These quantities represent 67°9 
per cent. of the carbon, and 72 per cent. of the nitrogen, 
in the asparatic acid formed by the hydrolysis of the 
asparagine. 


Hence it may be concluded that asparagine, when 
fermented by water-organisms under aérobic conditions, 
undergoes complete enzymic change into aspartic acid 
and ammonia during the earlier stages of activity of the 
organisms, and that the aspartic acid subsequently suffers 
respiratory changes, which account for about 68 per cent, 
of its carbon and 72 per cent, of its nitrogen, the remain- 
ing 32 per cent. of the former and 28 per cent. of the 
latter being taken up by other physiological processes. 
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Albumose was taken as a type of albuminous sub- 
stances, because it is easily dissolved, and readily under- 
goes fermentative changes. Egg albumen, on the con- 
trary, is very difficult to ferment under the conditions 
of experiment employed in this investigation. Solutions 
of egg albumen undergo slight change only, the albumen 
being deposited as a thin iridescent film on the sides of 
the containing vessel, and remaining unoxidised. 

It was anticipated that albumose, itself a product of 
enzymic change, would not suffer further change by 
such process, under the conditions of experimenting, and 
that consequently the inorganic products resulting from 
its fermentation would be entirely due to respiratory 
changes. 

The details of the experiments, and the results obtained 
from them, will be found in Table IV. Different stages 
in the fermentation, from commencement to finish, are 
illustrated by the experiments. 

On plotting together the carbon dioxide and ammonia 


MINUTES OF EVIDENCE : 


formed, a practically straight line is obtained. An ap- 
proximately straight line is also obtained when the 
volumes of carbon dioxide formed, and of oxygen 
absorbed, are plotted together; the volumes are also . 
in the proportion of 1: 1 approximately. 

It is therefore evident that the oxygen absorbed, 
and the two inorganic products formed, in these 
experiments, were the result of respiratory changes. 

The fermentation of the albumose was complete in the 
experiments 36, 37 and 38; and the carbon dioxide 
formed ia each of these amounted to 22-16, 22°74, and 
22°51 cc. per litre, and the nitrogen, as ammonia, 
to 0:0041, 0:0042, and 0-:0044, respectively. The 
volumes of oxygen absorbed in these experiments were, 
respectively, 23-1, 23:91 and 22-57 ce. . ; 

The quantities of carbon dioxide and ammonia formed, 
in these experiments account for about 78°5 rer cent. of 
the carbon, and 76°5 per cent, of the nitrogen, originally 
present in the albumose. 
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Taste V.—Lermentution of Asparagine and Rochelle Salt. 


Solution A contained 0°066 grammes asparagine, 
Rochelle salt, 
potassium phosphate. J 


Nature of Experi- 
ment. 


Solution A, as above 
(in tap water) - 


Same after fermen- 
tation - - - 
Differences - 


Remainder of pre- 
ceding solution, 
after fermentation, 
re-aerated, =A’ - 

A’ after feirmenta- 

tion, Tee va Bs 


Another bottle of A’ 
after fermentation 
from March 12, IT. 

Differences I. 
Differences IT. 


Remainder of solu- 
tion A’ (March 14) 
diluted with equal 
volume of distilled 
water and aerated 
= A’/2 epee 


Same after fermenta- 


tion : - iE 


Another bottle of 
A’/2 after fermen-. 


tation 1 
Differences I. 
Differences II. 


Remainder of liquid 
from two preced- 
ing analyses mixed 


a 


and aerated S 


Same after fermen- 
tation - - - 
Differences = 


Remainder of pre- 
ceding solution re- 
aerated - - 


Same after fermen- 
tation - - - 
Differences - 


Remainder of pre- 


ceding solution 
diluted with an 
equal bulk of 


distilled water and 
aerated - - 


Same after fermen- 
tation - A 
Another bottle of 
same after fermen- 
tation Sor te 
Differeaces i 
Differences II. 


Co, 


26°62 


37°16 


40°15 
+10°54 
+1353 


32.01 
+11°59 
+ 11°39 


29-06 


36°75 
+ 7°69 


16-79 
— 0°34 
— 024 














014] 
Ol 


7°86 


0:05 
— 781 


0:05 
— 5°84 
— 7:31 


781 


1-72 


1:56 


— 609 
— 6:25 


6-11 


0 07 


0-05 
— 594 
— 5°96 





16-11 


15°92 


15°89 


15°60 


15°40 


3°98 


14:10 


12°67 


12°55 





N as NH, 


0.0 
0.0093 
+ 0°0093 
0:0095 
0.0108 


0-0102 


0:0007 


++ 


0 0032 


0°0045 


0:0038 


0:0013 
0:0006 


4+ 


0-0040 


0°0056 
+ 0-0016 


0 “004 | 


0-0044 
+ 00004 


0022 


0-0 


0-0 
~ 00022 
— 0:0022 


0-0013 | 








| 


per litre. 


i 
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N as NO, | Nas N,0;| Remarks. 


0-0 


0-0 


0°0 


0:0 


0-0 


0°0 


0-0 


0:0 


0-0 


0-0 


0°0 


0:0015 
+ 0°0015 


00009 


lace 


000016 








0 0001 


00 


0-0 


0-0 


0:0 


0-0 


0-0 


0-0 


0-0 


0-0 


00 


0-002 


000204 


— 00009 | + 0-002 


— 000074} + 0-00204 











Liquid very 
turbid, but 
free from 
odour. 
Ditto 
Ditto. 
Faint sour 
odour, tur- 
bid. 
Ditto, 

No distinct 
odour. 





| Quite free 
from odour, 
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Fermentation of Rochelle salt and Asparagine mixed. 


The influence of the chemical characters of the fer- 
mentable matters upon the rate of fermentation has 
already been illustrated by the experiments with solution 
of Rochelle salt with and without the addition of urea. 


The foregoing experiments with a solution of Rochelle 
salt and asparagine, which are quoted from my paper on 
“The Course and Nature of Fermentative Changes in 
Natural and Polluted Waters and in Artificial Solutions”? 
(Trans. Roy. Dub. Soc., 1895), show that, when these 
two substances are mixed together, the fermentation 
proceeds more rapidly than in solutions of either 
substance alone. 


They also show the effect of dilution in retarding the 


EVIDENCE : 


rate of fermentation in an interesting way; compare: 
experiments 2 and 3. 

On referring to experiments J] and 2, it will be seen that. 
when the fermentation was well started it proceeded with 
great rapidity. | 

From the -fact that at the stage of the fermentation 
represented by experiment No. 5, the eommencement 
of the formation of nitrous acid is indicated, it may be 
assumed that the fermentation of the Rochelle salt and 
asparagine originally present in the solution was complete. 
at about the end of‘experiment 4. 

The volumes of oxygen absorbed, and of carbon dioxide: 
formed, during each step of the fermentation represented 
by the experiments 1, 2, 3, and 4, and the ratios of one to 
the other, are given in the following table; the quan- 
tities of nitrogen as ammonia are also given :— 


























aie | ; Nitrogen as 

= CO, O, Ratios. ‘Mavens 
Experiment 1 eee (hte Pu al 15°52 7°81 | Bien I 0:0093 
z 2 ony <bean te 13°53 7:31 1:85 : 1 0-0007 
r SK 2) 8 bee) ey earns -88 12:34 | 186 : 1 “COLD 
< 4 (x2) oP tye ened 15°38 15°12 1:1 0032 
Toraia)*<) cc. | hey 67°41 42°58 158 : 1 ‘0151 
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These figures show that the greater portion of the 
nitrogen in the asparagine was quickly converted into 
ammonia, so that it may be assumed that the asparagine 
was rapidly hydrolysed by enzymic action into aspartic 
acid and ammonia, just as in the case of the solution of 
asparagine unmixed with other organic substances. It 
then appears from the ratios of carbon dioxide formed to 
oxygen absorbed and also from the ammonia formed that 
the Rochelle salt and aspartic acid jointly suffered respira- 
tory changes, intermediate organic products of oxidation 
being formed, which were further and completely 
oxidized at later stages of the fermentation. 

The ratio of carbon dioxide and of oxygen, which would 
have been respectively formed and absorbed, had the 
two substances present in the solution been completely 
oxidised to carbon dioxide, water and ammonia, is 1.47: 1. 

67°41 cc. of carbon dioxide were formed on the com- 
pletion of the fermentation. This volume represents 
78°96 per cent. of the carbon originally present in the 
asparagine and Rochelle salt. 

Apparently, from the quantities of ammonia shown 
by the experiments to have been formed, all the nitrogen 
originally present in the asparagine was converted into 
ammonia by fermentation. This, however, is probably 
only apparent. From the nature of the experiments 
the errors attending the ammonia determinations would 
in the aggregate be considerable. 

The balance of the carbon originally present in the 
Solution was no doubt taken up by other physiological 
processes already referred to. 

The foregoing table also illustrates the fermentation of 
ammonia to nitrites and nitrates. It will be observed 
from the table that these bodies do not appear amongst 
the products of fermentation until the organic substancés 
have been completely broken down, and when conse- 
quently the formation of carbon dioxide rapidly 
diminishes ; and this sequence of chemical changes always 
occurs, so far as my knowledge and experience goes, 
during the aérobrifermentation of solutions of sewage or 
of other organic substances. Perhaps when the ferment- 
ing liquid is passed through a good percolating filter, 
in other words, when the bacterial activity and the 
supply of oxygen are very iarge in proportion to the 
fermenting matters present in the solution or sewage, it 
may not strictly hold, but there can be little doubt, from 
theoretic considerations, that it will be found to hold 
good for all practical purposes even under the special 
conditions obtaining in a good pe colating filter. 

An experimental investigation of the ammonia, or, 
as it may conveniently be termed, in contradistinction 





to the carbon stage, nitrogen stage of fermentation, wilh 
be found described in the volume of Trans. Roy. Dub. Soc., 
already quoted, pp. 593-615. 

I trust I have given enough experimental evidence to: 
Support the view, which my own knowledge and experi- 
ence has strongly pressed upon my mind, that the adoption. 
of the aeration method of analysis is a necessity for the: 
accurate determination of the “strength? of a sewage’ 
or tank liquor, for the estimation of the quality of an. 


, effluent, and for the formulation of standards for effluents.. 


The results recorded in the foregoing tables are typical 
of the chemical changes which fermentative organic sub-- 
stances, including those to be found in sowage, undergo: 
during aerobic bacterial fermentation ; and they do not. 
stand alone. They are confirmed by the results of the 
experimental investigations which have been published, in. 
the paper already referred to, and I may add by a large. 
number of unpublished experiments. 

It may not be possible to distinguish \the products of 
enzymic actions from those of the respiratory process in a 
liquid of such complex composition as sewage, but a large 
number of experiments with sewage all go to show that the 
combined results are constant for similar volumes of the 
same sewage. In other words the organisms behave. ~ 
under true aerohic conditions as constant chemical factors;. 
and, the volumes of oxygen absorbed during fermentation.. 
and the products of oxidation, only appreciably vary with. 
the chemical composition of the organic contents of the: 
fermenting liquid. 

A little consideration will show that this assertion is by 
no means unwarranted. The experiments prove that 70° 
to 80 per cent. of the organic substances in the fermenting” 
liquid are converted by oxidation and possibly also by” 
hydrolysis into the inorganic products carbon dioxide... 
water and ammonia. Consequently only 20 to 30 per cent.. 
can be taken up by the other physiological processes of 
construction and excretion. And it is only amongst the 
products of these two processes that distinct variations 
may be expected as a result of the activities of different 
species of organisms. 

But experience shows that the products of these pro- 
cesses are unimportant, unless the water, into which the: 
purified sewage is discharged, is used for drinking purposes.. 
and, then it, or the water to be drunk, must be subjected’ 
to such careful and thorough filtration that the separa- 
tion of both organisms and, excretory products will be 
ensured. ' 

It may be well to note here that in the subsequent pro- _ 
cess of the fermentation of ammonia, the excretory 
matters will be more or less completely oxidised to carbom 
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dioxide and nitric acid, Ample proof of this will be found 
in the paper above referred, to. 

To return to the question of the method of quantita- 
tively determining the strength of crude sewage, tank 
liquor and effluents, it is evident that no method dependent 
upon direct chemical action can afford an accurate or 
satisfactory result, at least in the present state of our 
knowledge. What is required, to be known is the volume 
of oxygen absorbed in the manner above described, and 
further, if the purification is to be very good, the volume 
- of oxygen absorbed, during the fermentation of part or 
whole of the ammonia remaining in the liquid after 
the fermentation of the organic substances. 

All this information can, as I have shown, be obtained 
by the method [haveemployed. Fermentation, however, 
proceeds very slowly in the dilute solutions of the sewage 
which have to be employed, to ensure aérobic conditions. 

Ihave recently endeavoured to modify the method so as 
to obtain more rapid fermentations. My experiments, 
however, are not yet complete, but they have gone far 
enough to satisfy me that this can be effected, and the 
oxygen absorbed during the fermentative changes can at 
least be accurately determined, by the employment of a 
small gravel filter of suitable construction. With the 
apparatus [ have employed, it has been possible to ferment 
a crude sewage, without previous dilution, and determine 
the oxgyen absorbed, easily within a working day. 

The apparatus consists of a glass cylinder 55to57 mm. 
diameter, and a little more than a metre long. It was 
nearly filled with a fine siliceous and limestone river 
gravel, chiefly the former. It was found by sieving that 
the proportions of particles of different sizes were as 
follows— 

1 part passed by a 1—40 inch sieve, and stopped by 


a 1-80 inch. 

1 part passed by a 1-24 inch sieve, and stopped by 
a 1-40 inch. 

3 parts passed, by a 1-10 inch sieve, and, stopped by 
a 1-24 inch. 

3 parts passed, by a 1-3 inch sieve, and stopped by 
a 1-10 inch. . 

1 part passed by a 3-4 inch sieve, and stopped by 
a 1-3 inch. 


The capacity of the cylinder was 2,500 c.c. ; it was nearly 
filled with 3,830 grms. of the gravel, the specific gravity of 
which was 2°5. The volume of the gravel in the filter was 
therefore 1,535°7 c.c. Deducting this from 2,500 c.c., 
964°3 c.c, is.obtained, as the volume of the air-spaces in the 
interstices of the filter. 

The cylinder was closed at both ends by rubber corks 
fitted with the necessary tubes to regulate the supply of 
air, tq gauge the pressure of it inside the filter, to regulate 
the flow of sewage into it, and fina'ly to draw off samples 
of air and of filtered, liquid for analysis. 

The filter was made bacterially active by passing sewage 
through it from time to time for a week previously. It 
was then well washed with tap water and drained, and the 
volume of air in the apparatus was carefully determined by 
expanding the velume of the air in the filter apparatus by 
a known amount and, observing the corresponding reduc- 
tions of pressure, and, making the necessary calculations 
from data thus obtained. 

A sample of tank liquor from Belfast was allowed to 
flow slowly into the apparatus at the rate of 750 c.c. in two 
hours. The filtered liquid commenced, to collect at the 
bottom 30 minutes after the commencement of the experi- 
ment. The flow of the sewage was stopped after 750 c.c. 
had passed into the apparatus, and the filter was allowed 
to drain for two hours. A sample of the air was then 
drawn from the interstices of the filter and on analysis it 
was found that oxygen had been absorbed at the rate of 
143°3 c.c. per litre of sewage. 

A sample of the tank liquor was diluted and set asice 
for fermentation by my ordinary method, as was also a 
sample of the effluent from the filter. 

On the completion of the fermentation of the diluted 
sewage, and when its ammonia had been completely oxi- 
dised to nitric acid, the volume of oxygen absorbed was 
238-5 c.c., and of carbon dioxide formed 191-6 ¢.c , per 
litre of tank liquor 

On the completion of the fermentation of the sample of 
effluent and the oxidation of the ammonia therein, 99-2 
c.c. of oxygen had been absorbed, and 16°44 c.c. carbon 
dioxide had been formed, per litre 
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On subtracting the volume of oxygen absorbed during 
fermentation of the effluent from the filter, 99-2, from 
that absorbed during the fermentation of the tank liquor, 
238-5, 159-3 ¢.c, is obtained, and this volume represents 
the oxygen absorbed during the stage of fermentation 
which the tank liquor underwent in the filter. The 
volume given above for the direct experiment is 143-3 c.c. 

A similar experiment was made with a second, sample 
of tank liquor, but it was allowed to flow more slowly into 
the apparatus. The filtered liquid began to collect at the 
bottom in 56 minutes from the commencement of the 
experiment. Five hours afterwards a sample of air was 
drawn from the apparatus and analysed. The results 
showed that oxygen had been absorbed at the rate of 
295-3 ¢.c. per litre of tank liquor. 

By the dilution method, the tank liquor was found to 
require for complete fermentation, including the oxida- 
tion of the ammonium compounds to nitric acid, 366-8 
oxygen per litre. At the same time 228 c.c. carbon 
dioxide wete formed. 

The effluent required for complete fermentation 71:5 
c.c. oxygen per litre; 13-08 c.c. carbon dioxide being at the 
same time formed. Hence, the volume of oxygen ab- 
sorbed during the stage of fermentation which the tank 
liquor underwent in the filter was 295-3 c.c., the same as 
that obtained by the direct exneriment. 

Another portion of the same sample of tank liquor was 
passed through the filter on the suceeding day more 
quickly. 750 c.c. were allowed to flow on to the filter and 
disappear from the surface in 55 minutes. In 7 minutes 
from the commencement the filtered liquid began to collect 
at the bottom. ‘ 

Three hours after the commencement, a sample of the 
air was drawn from the filter, and on analysis it was found 
that 265-6 c.c. of oxygen had, bzen absorbed, per litre of 
tank liquor. A portion of the filtrate was allowed to 
completely ferment, until all ammonia had, been oxidised 
to nitric acid. It was then found that 98-8 c.c. oxygen 
had been absorbed and 51-70 c.c. carbon dioxide had been 
formed. 

Thus the effect of passing the sewage more rapidly 
through the filter was a diminished purification. It is 
quite evident, however, that notwithstanding the short 
time during which the liquid was percolating through the 
filter, certainly not more than 10 minutes, the organic 


‘matters must have been nearly completely fermented. 


In all the experiments, the filtered liquids were quite 
free from offensive odour; they were yellowish-green in 
colour and slightly turbid. 

These experiments must only be regarded as prelim- 
inary ones, but they are sufficient to show that the fer- 
mentation of the organic matters in a sewage may be 
effected in a bacterially active filter of suitable construc- 
tion in the covrse of a comparatively few minutes, 30 
in the case of the first quoted experiment ; and, that the 
volume of oxygen absorbed can be determined without 
difficulty. 

These experiments also afford an answer to the question 
as to how long a tank liquor should be in contact with a 
percolating filter for proper purification. The last ex- 
periment quoted was made with a rather strong tank 
liquor, and the results show that in 10 minutes a fair 
purification was obtained, while in 56 minutes the or- 
ganic matters were completely oxidised. 


The tank liquor employed for the first experiment was 
not quite so strong, and the results show that the organic 
matters were completely fermented after 30 minutes 
contact with the filter. It should be noted that both these 
samples of tank liquor contained colloidal matters in 
suspension. 

The products of the fermentation in the foregoing fil- 
tration experiment were not directly determined, as the 
details of the method of experimenting had not been 
worked out. I am continuing my experiments for the 
purpose of ascertaining the best conditions for applying 
the principle of the method, I have sketched, for the pur- 
pose of rapid quantitative determination of not only the 
volume of oxygen absorbed by a sewage during the fer- 
mentation of its organic matters, but also of the products 
of its fermentation, carbon dioxide, ammonia and nitric 
acid. 

Until this is done, it will be impossible, in my opinion, 
accurately to gauge the efficiency of any system of sewage 
purification, or to obtain accurate and reliable answers 
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toseveral questions of great technical and public import- 
ance at the present time. Irefer to such questions as——- 
(1) The minimum dimensions of percolating filter 

bed for the purification of a given sewage ; 


(2) The most advantageous thickness for a filter 


bed. 

(3) The most advantageous size or sizes for filtering 
material. 

(4) The maximum rate at which a given sewage 
may be passed through a filter to obtain satisfactory 
purification. 

(5) The character of the solid matters discharged 
from percolating filter beds, as at present worked 
at some places, 


Standards for Sewage Effluents. 


I have already submitted my views on this question, 
and I need only now say that.I am in favour of standards 
graduated to meet local circumstances and requirements. 


There is one question of great practical importance, 
however, in connection with the formulation of standards, 
concerning which no information was available when I 
submitted my views to the Commission; I refer to the 
question of the rate of the re-absorption of oxygen by 
water exposed to natural conditions after it has been de- 
aérated by almixture with sewage matter. 

Some experiments on this subject have recently been 
published in the J'rans. Roy. Dub. Soc., Vol. 8, Series 2, 
1905, under the title of ‘‘ Unrecognised Factors in tke 
Transmission of Gases through Water.’® The paper 
has been reprinted in the Phil. Mag. March, 1905. 

Glass tubes about 2 metres long and 18 millims bore 
were employed for the experiments here to be described. 

The tubes were nearly filled either with distilled water or 
with sea-water, and warmed and exhausted as far as de- 
sirable by means of a mercury-pump. The corks closing 
the lower ends of the tubes were fitted with fine glass tubes 
to provide the means of attachment to the mercury-pump 
for exhaustion, and for drawing off samples. 

After the gases in solution and in the air-spaces had 
been abstracted, the corks closing the upper ends of the 
tubes were removed, and the tubes were immersed to a 
depth of about 1300 mm. in a large water-jacket, which 
was kept cool by a constant flow through it of water from 
the main supply. 

The object of the water-jacket was to prevent the for- 
mation of downward convection-currents, by keeping the 
lower portions of the water-columns in the tubes at a 
slightly lower temperature than the upper portions, which 
were exposed to the temperature of the laboratory. 

In most of the experiments the surfaces of the water- 
columns were kept constantly agitated by means of cur- 
rents of air drawn through their upper layers. 

Slow currents of air were employed, at the rate of 
1000 c.c. per hour. 

In a few cases the surfaces of the water-columns were 
agitated by mechanically rotated glass stirrers, just dipping 
below the surface of the water. In these cases the experi- 
mental tube employed was of wider bore to allow of 
stirrers of a gridiron shape keing used. 

When the surfaces of the water-columns were left 
unbroken, the experimental tubes were loosely covered 
to protect their contents from dust. 

The height of the columns of water were in nearly all 
experiments about 1800 mm. In all experiments the 
surfaces of the water were freely exposed to the air. 

At the conclusion of each experiment, layers of the 
water of 100 to 200 mm. thick were drawn from different 
depths from the surface, and stored in tubes standing over 
mercury until they could be analysed. 

The dissolved gases in these samples were extwacted by 
boiling with a little sulphuric acid in vacuo. 

Of the results of the analysis of the dissolved gases, only 
those for the nitrogen are recorded in the paper. These 
are expressed in ¢.c. at 0° C. and 760 mm. bar per litre. 

The experiments show that the re-aération of deep 
columns of de-aérated distilled water, where the surfaces 
exposed to the air are unbroken, is extremely slow. 

The re-aération of deep cojtimns of de-aérated sea- 
water, although slow, is decidedly more rapid than that 
of distilled water. Thus— ; 
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No. 1.—Two tubes, each 1950 mm. long and 18 mm. 
bore, were filled to the height of 1800 mm. from the bot- 
tom, one with sea-water and one with distilled water, both 
being nearly nitrogen free, and were immersed. in the 
water-jacket and kept undisturbed for 28 days.® The — 
temperature.of the room varied between 16°°5 and 10° C., 
that of the jacket between 12°°9 and 8°-0C. During’the 
last week of the experiment the temperature of the room 
varied between 12° and 10° and that of the jacket between 
9° and 8° C. 

Distilled water saturated at 10° C. contains 15°37 c.c. 
N, per litre. Sea-water saturated at 10°C. contains 
12°47 ¢.c. Ng per litre. 


Sea-water, Distilled water, 
Depth of Layer Nitrogenc.c. Nitrogen c.c. 

below surface. per litre. per litre. 
1 to 200 mm. - 9°24 11°50 
300 to 500 ” - 8-96 11°10 

800 to 1000 ” - 8:91 8°43 | 
1600 to 1800 ™. - 7°89 5°84 
Before aeration = - 1-51 1°55 


It is important to note that the surface layers of the sea 


‘and distilled water, even after exposure to the air for 28 


days, did not become saturated with nitrogen, and that 
the gas, as it was dissolved, did not remain concentrated 
in them, but passed through both the sea and distilled 
water more rapidly than it was dissolved at the surfaces 
exposed to the air. It is also noticeable that the passage 
of the dissolved nitrogen is decidedly quicker through the 
sea water than through the distilled water. Experiments 
are described in the paper which show that this passage 
of the dissolved gases vertically downwards through de- 
aerated sea or distilled water is a gravitational streaming 
effect of some kind. Hiifner has also noticed it, and has 
ascribed the cause of it to concentration currents. The 
experiments, however, which I shall quote, do not support 
this view, but rather suggest that the streaming is possibly 
caused by minute dust particles, or by other centres of 
condensation, possibly of an electrical nature, and that 
these bring about in some way a sufficient density of the 
dissolved or liquefied gases to render it possible for them 
to be drawn gravitationally downwards through the 
water. 

When the surfaces of deep columns of de-aerated sea or 
distilled water are kept gent!y broken in such a way as to 
avoid mechanically disturbing the under portions of the 
columns, the water in both cases is rapidly re-aerated , 
the sea water much more quickly, however, than the dis- 
tilled water. 

No. 2.—Three tubes, each containing sea-water nearly 
nitrogen-free, were fitted with indiarubber corks and air- 
inlet and exit tubes, and were connected in series so that 
the same current of air could be drawn through the upper 
layer of each column of water to a depth of 200 mm., one 
after the other. 

The air-current was a slow one, at the rate of about | 
litre per hour. The aeration was continued for 48 hours 
and then stopped. Samples of water were then drawn 
from each tube as before, and stored in glass vessels stand- 
ing over mercury. The nitrogen determinations are 
given below. The tube in which the air-current frst 
entered was marked 1, and the one it next entered 2, 
and so on. The air was filtered through glass-wool. 

Temperature of room 12°°8 to 10°°0 C. 
Temperature of jacket 8°6 to 8°3 C. 
Sea-water at 10° C. cantains 12°47 c.c. N, per litre. 


Depth of Layer. k 2. . de 

1 to 200 mm. - 212224: 1L=15 11°09 
800 to 1000 ,, - - 8:20 2°29 2°55 
1600 to 1800 ,, -! - 8:13 2°18 2°54 
Before aeration - - 1:57 2°13 2°51 


No. 3.—Similar to the experiment No. 2, with the excep- 
tion that the air-inlet tubes dipped only 50 mm. below the 
surface. The air-current was filtered through glass-wool. 

Temperature of room 13°:7 to 13°°5 C. 
Temperature of jacket 8°-4 to '8°5 C. 
Sea-water at 13°.5 C. contains 11°67 c.c. N. per litre. 


Depth of Layer. 1 2. 3. 

1 to 200 mm. - - 10°81 7°15 6°93 
300 to 500 , - - 10°60 1°61 1°52 
800 to 1000 ,, - - 9°36 1°65 1°56 
1600 to 1800 ,, - - 9°20 1°65 1°52 
Before aeration - - 1°75 1°63 1°51 





ROYAL COMMISSION ON SEWAGE DISPOSAL. 


No. 4,—Similar to experiment No. 2, with the exception 
that distilled water was used in place of sea-water . 
Temperature of room 11°°5 to 11°°8 C. 
Temperature of jacket 8°'5 to 9°°0 C. 
Distilled water at 11°-8 C. contains 14°83 c.c. N, per litre. 


Depth of Layer 
below surface. il: 2. 3. 

1 to 200 mm. - - 14°60 (PAP, 12°20 
300 to 500 ,, - - 11°62 11°10 11°18 
800 to 1000 ,, - - 4°18 4°20 4°48 
1600 to 1800 ,, - - 3°54 3°05 3°20 
Before aeration - - 1°55 ibe ye! 1:97 


No. 5.—Similar to No. 4, with the exception that the 
air-current was not filtered. 
Temperature of room 12° to 10° C. 
Temperature of jacket 8°-7 to 8°°5 C. 
Distilled water saturated at 10° C. contains 15.37 c.c. 
N,, per litre. 


Depth of Layer 
below surface. ie 2. Be 

1 to 200 mm. - - 13°81 ppolri 12°64 
300: to:.. 500: 4,. - = 12-20 1 GE By 11-08 
800 to 1000 ,, -| - 5°20 iso 7] 5-14 
1600 to 1800 ,, - - 4°15 4-06 4°00 
Before aeration - - 1°75 1°55 ld] 


When de-aerated columns of sea and distilled water are 
aerated in the manner described in the foregoing experi- 
ments, it will be noticed that the results obtained for 
the former markedly differ from those found for the latter. 
In the case of the sea-water, the rate of aeration as a con- 
sequence of streaming was comparatively rapid in the 
first of the series of three tubes, but practically nilin the 
second and third tubes. It appears, therefore, from these 
experiments that something was taken from the air by the 
first water column in each series in addition to the ordinary 
atmospheric gases, and that very little reached either the 
second or third tubes. 

In the case of the distilled water, it is seen from the 
results of the experiments that the cause of streaming 
was not concentrated in the first water column as with 
the sea water, but that, on the contrary, it equally affected 
the three water columns. It must be noted, however, 
that none of the columns of distilled water were so highly 
aerated as the first columns of the sea-water experiments. 
It may be inferred, therefore, that the streaming effect is 
greater in the case of sea-water than in distilled water. 
This fact may be explained by assuming that the sea- 
water, from the salts which it holds in solution, is akle to 
make more use of the centres of condensation introduced 
with the air which is bubbled through it. When sea- 
water and distilled water are separately shaken up with 
air, the difference of behaviour of the two waters is, as is 
well known, very marked, it being easy to obtain a forma- 
tion of small bubbles of air in sea-water to an extent quite 
impossible in distilled water. 

There can be no question, from the experiments quoted, 
that if the air Le completely washed, the surface of sea- 
water exposed to it will become saturated with nitrogen 
and oxygen, but no streaming effects will take place. 

Tt is equally evident from these experiments that what- 
ever may subsequently be discovered to be the true cause 
of the streaming, its effect in large volumes of sea-water 
and of river water under natural conditions must be of 
great importance, and of such dimensions that the effect 
of ordinary diffusion may in comparison be entirely 
neglected. 


25579. (Sir William Ramsay.) This is a most interesting 
attempt to solve the sewage question by experiments 
with non-fermentable materials upon which I congratu- 
late you ?—Yes. 


25580. There are one or two questions on your evidence 
which occur to me; for example, I should like to ask if 
you have made many comparative estimates of per- 
manganate absorption and dissolved oxygen absorption 
to see if they run concurrently ?—I have not made 
many, but I have made some, and I gave the particulars 
in the evidence which I gave before the Commission the 
first time I appeared before it, I think it was in 1898, 
which showed that there was really no comparison 
between the two. 


25581. They do not run parallel ?—No. 
25582. That is to say I presume the absorbed oxygen 


causes a certain amount of the substances {o go into 
carbonic acid and water ?—Yes, 
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25583. The permanganate only acts on another part Mr. W. E. 


of the substance or only a portion of it 7—The perman- 
ganate does not oxidise all the fermentable organic matter, 
and it is impossible to distinguish between the oxygen 
absorbed from permanganate by non-fermentable matter 
from fermentable matter. 


25584. Of course, the same distinction is applied to 
albuminoid ammonia ?— Yes. 


25585. Which you would regard simply as another 
means of applying the permanganate test ?— Yes. 


25586. Experiments with Rochelle salt lead to this: 
conclusion: that about 75 per cent. of it, when it under- 
goes aerobic bacteria fermentation, suffers respiratory 
changes or oxidation, while 25 per cent. is taken up by 
other physiological processes, chiefly, no doubt, for the 
formation of constructive material of the organisms and- 
certain coloured organic substances of an excretory 
nature. This 75 per cent. of respiratory changes is. 
ascertained, I presume, by the amount of carbon dioxide 
produced and by the amount of oxygen absorbed ?—Yes. 


25£87. And you regard that as a sign of respiratory 
changes ?—Yes. 


25588. Youregard the filter as an animal which is living? 
—Exactly, and that represents the percentage of 
carbon or the percentage of organic matter which is really 
oxidised, and accounts for the absorption of the dis- 
solved oxygen. 


2589. For, I suppose, any of the oxygen of this 25 per 
cent. ?—I should say it accounts for the greater portion 
of the absorption of the dissolved oxygen. No doubt a 
small portion is taken up by other physiological processes 
of the organisms. 


25590. It introduces this question ; 


the bacteria, no. 
doubt, increase ?—Yes. 


25591. But their total amount is so small that any 
absorption due to their growth may be neglected ?—Pre- 
cisely. 

25592. That is what it is ?—Yes, it is inappreciable- 
compared with that taken up by the respiratory process. 


25593. Then you think they act as manufacturers of 
something else which we do not know anything about ? 
—Yes 


25594. Which are not part of organisms of the bacteria. 
but which are made by them ?—Yes, 


25595. Coloured matters ?—Yes, 


25596. It is interesting to find that the application of 
urea to Rechelle salt makes no practical difference in the 
products except as regards rate. Have you any explana- 
tion to offer of the difference in rate ?—No, I have none 
whatever. The urea seems to act as a stimulant. 


25597. As a kind of nitrification, in other words 7?— 
Yes, 


25598. To grease the wheels. Let me ask are these 
experiments old or comparatively new ?—They have only 
recently been published ; I have made them from time 
to time, I think, since the year 1900. 


25599. Would it beworth while adding some substances 
not so far degraded as urea; some substances such as 
uric acid, so to speak ?—Yes. 


25600. In order to see whether they act as stimulants ? 
—0Oh, I think so, decidedly ; I think it most advisable 
that investigation of various combinations of organic 
substances or solutions of organic substances is most 
important. 


25601. Might I point out an analogy : if you feed a dog 
on albumen alone, the white of an egg, he starves ?-— 
Yes. 


25602. If you give with that a certain quantity of 
stimulants, such as xanthin or sarcosin or bodies of that 
kind, the creature can live ?—Yes. 


25603. No doubt with albumen alone there is a physio- 
logical action, but it is so slow that the albumen does not 
get distributed through his body as it should ?—Yes. 

25604. If you give stimulating agents like sarcosin, etc., 
it makes the rate of absorption a much more rapid one, 
and the dog lives ?—Yes. 

25605. In that way I think your experiments are 
extremely interesting from the point of view of urea ; urea 
seems the kind of physiological agent which makes it go 

4Q2 


Adeney,. 
D.Se. 


15. June 1906 





676 


Mr. W., much more rapidly ; if you were to use some such sub 
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stances as are found in beef juice you could see whether 
they stimulate the reaction and make it take place ?—Yes, 
that point of view much impressed this aeration method 
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indefinite in composition that you can only determine really 
the rate of absorption by actual experiment. 


25606. And youare making what may be called a statis- 
tical experiment instead of a physiological experiment ; 
instead of one dog you are making a similar experiment 
on hundreds of millions of bacteria ?—Exactly. There 
is another interesting point as regards stimulation; 
thatis the effect of humus in nitrifying ammonia solutions ; 
it has a stimulating effect upon the nitrification. 


25607. Apart from its furnishing food for the organisms? 
—Well, nitrification of ammonia and of nitrites can pro- 
ced without the addition of humus or of other organic 
substances to the solution; but if humus be present no 
doubt the humus is a food to the organisms; at the same 
time it stimulates the process and the rate of absorption 
of oxygen is accelerated. 


25608. The fact that dilution retards the rate of fer- 
mentation is a very interesting one ; have you been able 
to make out any relation between the rate of fermenta- 
tion and the amount of dilution ?—No; that, of course. 
is a question that ought to be worked out most thoroughly ; 
it is most important. 


25609. Yousa‘d also that nitrites and nitrates do rot 
appear amongst the products of the fermentation until 
the organic substances have been completely broken 
down, and when, consequently, the formation of carbon 
dioxide rapidly diminishes ?—That is in aerobic fermenta- 
tion. 


25610. And then you go on to say when the fermenting 
liquid is passed through a good percolating filter, when 
the bacterial activity and the supply of oxygen are very 
large in proportion to the fermenting matters present 
in the solution or sewage, you think, then, that it is 
possible, if there is a very large excess of oxygen. for 
nitrification and the formation of nitrates to go on con- 
currently with the breaking down ?—Well, 1 am doubt- 
ful whether it is concurrently. 


25611. Do you think it is in layers ?—I do not think 
there is any information which entitles vs to say, in the 
form of definite information, but undoubtedly in effluents 
from filter beds nitrites do seem to appear at times before 
the complete breakdown of the fermentable organic 
matters. The proper explanation of that | am not pre- 
pared to offer. All my work has been confined to 
very dilute solutions of these organic substances. That 
is to say when both the organisms and the organic 
substances are small in comparison with the dissolved 
oxygen. Under these conditions I have never found a 
trace of nitrites or nitrates in the products of fermentation 
until the whole of the organic matter has been broken 
down. 

25612. In a filter would it not be possible that that takes 
place in the strata ?—It possibly does, but 1 think 
that is a question which wants to be investigated. 


25613. It is suggested that in the top strata the organic 
matter would be broken down, and in the lower nitri- 
fication would take place ?—Oh, yes, that would be so ; 
I believe myself that is the probable explanation. 


25614. You say that the rate of nitrogen fermentation 
with an effluent as discharged into a running stream, 
except under unusually unfavourable circumstances (you 
guard yourself there) would be too slow to endanger the 
aeration of the water of the stream. Does that refer 
to solids or merely to effluents free from solids ?—Oh, 
to the effluents free from solids and in a high state of 
purification. 


25615. If solids were present, of course, that would 
not hold necessarily ?—No. 


25616. You have not been making experiments, 1 
suppose, on solids; you have always used solutions ?—I 
have always used solutions; I have done a few experi- 
ments on solids, and 1 am most anxious to attack the 
question of the character of the solids discharged from 
the percolating filter ; the determination of that character 
can only be done by application ofthe aeration method. 


25617. Would it be possible to start with coagulated 
albumen only, such a substance as white of egg; to use 
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that as an insoluble solid ?—My experience of the true 
albumens is that they ferment extremely slowly; it is 
only after they have gone through a process of digestion 
that they readily ferment. 


25618. What do you mean by digestion in this gase ? 
—What I mean of course, is the enzymic action, con-— 
version into albumose. 


25619. But suppose you were to take boiled white of 
egg—coagulated albumen, and exposed that to the action 
of bacteria, would it not be attacked ?—Oh, yes, it would. 


25620. But not rapidly ?—No. 


25621. Again, it would be possible to filter off the 
solids from the sewage effluent ?—Yes. 


25622. Wash them ?—Yes. 


25623. And redistribute them through water ?—That, 
I think, would be a most desirable thing to do. 


25624. Obviously one might know whether the solids 
play a very great part in causing absorption of oxygen 
at a later stage or not ?7—Yes; there can be no doubt 
that they do, when you remember the offensiveness of a 
sludge bang. 


25625. (Colonel Harding.) 1 should like to ask, Dr.- 
Adeney, one question, and that is, inasmuch as I notice 
that you have come to the conclusion from your inter- 
esting experiments that the aeration test is the best 
possible test for sewage and sewage effluents, can you 
suggest to us in what practical way such tests should be 
carried out? Suppose you have a sample of a sewage ; 
you want to find out how much atmospheric oxygen 
is required for the aerobic fermentation and the ferment- 
able matters in it, how would you just go to work to 
ascertain that ?—It can be ascertained in one of three 
ways. (1) By diluting a portion of the sewage with 
thirty or forty times its volume of tap water, and deter- 
mining the dissolved gases and ammonia before and after 
keeping in a full bottle out of contact with air for about 
twenty-eight days at about 60° Fahr. The volume of an 
atmospheric oxygen required for the aerobic fermenta- 
tion of the organic matters in the sewage can then be 
calculated from the loss of oxygen. (2) By diluting the 
sewage with five times its volume of tap water, and keeping 
500 c.c. of the well aérated dilution obtained in a stoppered 
bottle together with about half its volume of air, for ten 
to fourteen days at about 60° Fahr. The loss of oxygen 
due to fermentation of the organic matters will be ascer- 
tained by displacing the air in the bottle by means of 
mercury after the fermentation of the orgaric matters 
has been completed, and drawing the gases composing 
it into a gas-measuring apparatus, and determining the 
carbon dioxide and oxygen by absorption in the ordimary 
way. If at the commencement of the experiment the 
capacity of the bottle be ascertained and the temperature 
and pressure of the air left in the bottle be noted, the 
volume of oxygen can be calculated from the known 
composition of the air; then the loss of oxygen found 
after fermentation, plus the loss of dissolved oxygen 
suffered by the diluted sewage, will give the volume of 
oxygen required for the fermentation of the organic matters 
The loss of dissolved oxygen can also be calculated, and 
need not be directly determined. It will be the same 
fraction of the dissolved oxygen originally present in the 
aérated dilution, as the oxygen left in the air-space is of 
that originally present. (3) Or by the filtration method 
referred to in my statement. As there shown, the volume 
of oxygen required for the fermentation of the organic 
matters can be determined within a day. These three 
methods are all based upon the same principles. They 
differ only in the rapidity with which the fermentation is 
effected. It is advisable in the case of all three methods to 
determine the ammonia before and after fermentation, as 
well as the oxygen, since the completion of the fermentation 
of the organic matters is indicated by the commencement 
of the fermentation of the ammonia into nitrous and 
nitric acid. Hence if the ammonia in these experiments 
remains the same or begins to diminish, it is a fair 
indication that the organic matters have been fermented. 


25626. You do not think the aeration test can be relied 
upon, and you suggest to us that the permanganate test 
and the test as to nitrification should be also carried out ?— 
The aeration test when completely carried out can un- 
doubtedly be relied upon. As regards nitrification I have 
given a good deal of evidence to show that if it be 
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found to have set in, it is a proof that the organic 
matters have been fermented ; and that it is important to 
know the volume of oxygen required to carry the fermenta- 
tion of the sewage to this stage, since it is during this stage 
only that sewage matters caa cause offensive putrefaction. 
As I have already explained the after fermentation of 
ammonia is not likely to cause any trouble in flowing 
water. I believe some such additional test to the aeration 
method as ammonia determinations, or as the permangan- 
ate test are necessary in ordinary practice as a protection 
against the use of antiseptics. These might conceivably 
be present in a crude sewage or in an effluent in sufficient 
quantity to prevent fermentation, or to retard it to such 
an extent as to render it inappreciable. Suspicion would 
at once be aroused if large quantities of ammoria were 
detected, or if the permanganate test indicated the presence 
of abnormal quantities of oxidisable matters for a good 
effluent, and no loss of oxygen were observable notwith- 
standing. There can be no question as to the course to be 
taken if they be found in a sewage or effluent. Their 
continued admixture must at all cost be stopped, if puri- 
fication is to be carried on by bacterial action. In my 
remarks, so far, I have had in mind more particularly the 
quastion of the strength of crude sewage in relation to its 
purification. The question of the strength of effluents 
presents some special features, for in addition to their 
actual strength, it is necessary to know the rate at which 
they will cause absorption of dissolved oxygen after 
admixture with river or sea water. This aspect of the 
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question is very important and at the same time does not 
present so much difficulty. For example, the aeration of 
the waters of a polluted stream may be determined on the 
spot by a suitable volumetric process, and a sample kept 
out of contact with air for forty-eight hours and the 
aeration again determined; so also an effluent with or 
without previous dilution. But I should like to express 
the opinion that it would still be advisable to make from 
time to time a complete analysis by aerobic fermentation 
of every effluent and of the streams into which they are 
discharged, because only by such a course can exact 
knowledge of the character of the pollution of streams be 
obtained. I have in mind the examinations of some 
estuaries which Dr. Letts and I made for the Commission 
last August; for instance, at the mouth of the Aire and the 
Ouse, notwithstanding the enormous pollution of these 
rivers in the higher reaches, we were surprised to find that 
the water at the mouth of these two rivers, just before 
conjunction, was distinctly aerated, and that after their 
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conjunction and flowing into the Humber, the aeration of - 


the waters of the Humber rapidly improved. 
25627. Did you find these waters fully aerated ?—No. 


25628. To what extent ?—Unfortunately, I have not 
got my notes, but I will afterwards add a note of ths exact 
aeration. 


The following are the results referred to expressed in 
parts per 100,000. 























A sep Nitrogen as :— 
1904. bie xygen in % 1. 
August. of saturation. Chiorine. 
Organic. |Ammonia.| Nitrates. | Nitrites. 
31 At mouth of R. Aire - 30°4 — — a = bee 
Sample from same after 74 50°0 ‘037 ‘0001 26 00 
being kept 13 days. 
31 At mouth of R. Ouse - 24°4 _ — -- — Zz 
Sample from same after 6°7 5°0 04 0 "23 ‘007 
being kept 13 days. 
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25629. I notice you say that the re-absorption of oxygen 
from a quiescent surface is excessively slow ?—Very slow 
indeed. 


25630. Re-aeration by the admixture of other matters ? 
—Yes, extremely slow. 


25631. But probably where a stream is flowing or is 
disturbed by waves, the aeration would be rapid ?—Very 
much quicker. 


25632. But returning for a moment to this question 
of the possibility of an aeration test by itself, is it not pos- 
sible to take the sewage and to ascertain by simply adding 
a number of dilutions of tap water, and estimating the 
loss that takes place after a given time ; is it not possible 
to ascertain sufficiently nearly the amount of oxygen that 
would be required for the completion of the aerobic fer- 
mentation ?—Do you mean for sewage ? 


25633. Yes, for sewage ?—No, I do not think so. 


25634. Then I am afraid we must not, for sewage, rely 
upon the aeration test; I rather gathered at first that 
you thought the aeration might be applicable, and was 
perhaps the best test that could be applied to ascertain 
the strength of sewage and sewage eflluents ?—I should 
like to make myself quite clear in regard to the question of 
the reliability of the aeration. or, as it may be more cor- 
rectly termed, perhaps, the aerobic fermentation method. 
There can be no doubt about its reliability. That, I think, 
has been well established. The point about which there 
is a doubt is the best way of obtaining a rapid aerobic 
fermentation. This is a question which is occupying, I 
believe, the minds of chemists interested in the subject 
at the present time. Iam aware that both Dr. McGowan 
and Dr. Fowler have in mind the adoption of a small 
laboratory filter for the purpose. I have recorded a few 
experiments in the same direction in my statement. The 
tesults, I think, leave little doubt but that with a small 


filter properly fitted and worked, a sewage can be fer- 
mented in a comparatively few minutes, and that the 
oxygen absorbed and products formed can be rapidly 
determined. I have in progress some experiments which 
IT commenced with a view of determining the best way of 
working the filter which I have described in my statement. 
I regret they are not in a sufficiently advanced state to 
quote here. I trust, however, to describe them in full in 
the report upon the Pollution of Tidal Waters which Dr. 
Letts and I have in preparation for the Commission. 


25635. As in crude sewage, you have a large quantity 
of fermentable matter you think the change would be too 
slow to rely entirely upon the aeration test ?—Oh, no, 
sir; not to rely upon it; it would be too slow to regard it 
as a process suitable for common use in the laboratory ; 
you could rely upon it. 


25636. That observation would apply to sewage 
effluents would it?—Yes; but there you are also 
concerned with the rate of absorption. 


25637. Aeration of the small quantity remaining would 
probably make that a practical test, would it ?—Oh, un- 
doubtedly. 

25638. The difficulty is simply in applying the aeration 
test to a crude sewage ; I understood you to say that the 
complete fermentation would be too slow to enable us to 
consider that test as a practicable one ?—I am afraid I 
have not made my meaning quite clear. What 
I have had in my mind is the necessity of accuracy 
in determining from time to time, by a chief of a 
department or a chief officer, the real strength of a 
sewage, the real character of an effluent. That, 
so far as my experience and knowledge goes, 
can only be determined by the methods that I have 
described ; but I do not think I am justified in suggesting 
those methods at the present time for ordinary use by 
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analysts, because they take too long to perform and to 
watch ; therefore, I have this reservation ; but the reser- 
vation does not in any way affect the value of the method 
as an accurate method; there can be no question about 
that ; it does affect the value of the method in so far as it 
can be carried outin common analyticel practize. Hence 
my endeavours to hasten the process of fermentation by 
the use of a filter, and so render the aeration method 
available as an ordinary laboratory method. 


25639. Then do you think a laboratory experiment 
with a sort of percolating filter would be of value for 
testing the amount of oxygen that would be required ?— 
I have not the least doubt it would be of very great value. 


25640. (Sir William Ramsay.) Do you know Mr. Scot 
Moncrieff’s portable apparatus for doing this ?—No, I do 
not know. 


25641. (Colonel Harding.) But if an apparatus in the 
nature of a small percolating filter with a standard 
material—let me put it for instance, half inch marbles or 
something of that kind—that one could rely upon repeating 
the experiment under like conditions in various places ?— 
Exactly. 


25642. Do you think that that would give, by the 
passage of a sewage through it, a good deal of the in- 
formation that you are wanting ?—Yes, I think so. 


25643. Then with regard to the other interesting sug- 
gestion you made to us just now, have you yourself made 
any experiments at all in the direction of taking a 
small quantity of sewage in a vessel, the air contents of 
which are known to you, and causing that to act, shall 
we say, as a churn for a given time, to note the changes 
of fermentation that would take place ?—Yes. I have 
made some experiments to test this suggestion, but the 
results are not so encouraging as those I have obtained 
with the filter. 


25644. (Sir William Ramsay.) I only want to ask 
you is there anything else you wish to add ?—With 
regard to the question of field work I did not com- 
plete what I wished to say with reference to the Rivers 
Aire and Ouse. I told you that Dr. Letts and I mxde 
some aeration tests at the mouths of those rivers, and 
found the waters were to a certain extent aerated but not 
saturated. We collected the samples, and preserved 
them, and found after keeping them out of contact with 
the air for about a fortnight that the aeration had 
nearly disappeared, but that the fermentation that was 
going on was a pure nitrification. There were really no 
signs of breaking down of organic matter, so that these 
rivers, the Aire and the Ouse, which we know to be very 
heavily polluted by sewage matters of one kind or another, 
had practically self-purified themselves at the time of 
our visit, August 1904, so far as fermentable organic 
matter was concerned, when they had reached their 
respective mouths. We also determined the aeration 
of the Thames at Chapman’s Lighthouse, and it was 
considerable. We found that on keeping samples from 
the surface and from the bottom of the river at this 
point that they lost nearly the whole of their dissolved 
oxygen, and at the same time showed no sign of nitri- 
fication; so that although the Thames water at the 
Chapman appeared to be better, in a less polluted condi- 
tion, than the waters at the mouths of the Aire and 


EVIDENCE . 


the Ouse, it was found when the waters were kept that 
the Thames at the Chapman was more polluted with 
organic matters than either of the other two rivers. ~ | 


25645. Is it not possible that the nitrate ferments 
were absent .in the Thames water ?—I do not think so. 
The samples did not contain enough ammonia to account. 
for the loss of oxygen by nitrification. We also ex- 
amined some of the water at Woolwich, and we made a 
determination of the dissolved gases the day after they 
were collected through the kindness of Dr. McGowan in 


his laboratory, and also made a dilution of the sample 


which we took with four times its volume of tap water. 
We found, even with that dilution, on keeping for 
about a fortnight, a considerable de-aeration had taken 
place, but no indication of nitrification, so with 
a simple experiment like that it was quite 
possible to form an opinion as to really what ought to be 
done with the sewage which was discharged into the 
Thames, in order to prevent this de-aeration. The 
purification should certainly be ten times as good as it is.. 
That is an opinion you can venture to express on the 
results obtained by the aeration method. 


25646. Whereas in the case of the Ouse and the Aire 
you think the purification bad been quite sufficient ?— 
By the time the river water had reached their 
mouths, and under cry summer weather conditions, 
yes. It seems to be of the greatest possible importance, 
if the Commission will allow me to express this opinion, 
that field work should be done on these streams which 
are known to be heavily polluted. For instance, I think 
the Thames should be most carefully examined by the 
aeration method and the oxygen absorption to deter- 
mine the exact degree of pollution which the sewage, as: 
it is discharged into the Thames at the present time, is- 
causing. I think valuable information could be 
obtained in that way, because the river and its condi- 
tions aford such a great and instructive object lesson. 
Similarly such rivers as the Ribble, the Mersey and 
Trwell, the Ouse and the Aire, if ca efully examined,. 
would afford results which would be most valuable object 
lessons in showing what has been done by natural condi- 
tions and agencies with the sewage discharged into it, 
and what is necessary to relieve those rivers from over 
pollution. 


25647. Would you regard it as advisable that a bacterial 
examination should also take place ?—Oh, undoubtedly ; 
I think all chemical work should be carried on side by 
side with the bacteriological; there are so many 


problems on the bacterial side of the question which - 


require working out and they can only be worked out, 
it seems to me, from a combination of workers from both 
the chemical and the bacteriological sides. 


25648. Those are the points you wish to bring before 
us; is there anything else ?—No, sir. 

25649. Then I have the pleasant duty of thanking 
you for having taken the trouble to come ?—I would 
only like to add, I have mentioned some experiments that 
I have in progress, I shall be very happy to furnish Mr. 
Willis with a copy of the results if the Commission would. 
like me to. 


25650. When they are worked out, yes, thank you ?— 
Yes. 


—— 
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ROYAL COMMISSION 


ON SEWAGE DISPOSAL. © 38] 


EIGHTY-FIRST DAY. 


oe Friday 16t 


Ps 


h June, 1905. 


PRESENT. 


| The Right Hon. Tur Eart of IpDESLEIGH (Chairmun), presiding. 


Major-General ConsTANTINE Puirrs CAREY, C.B., R.E. 
Colonel T. W. Harprine, J.P., D.L. 


Sir Wiii1AmM Ramsay, K.C.B., F.R.S. 
Mr. T. J. Starrorp, F.R.C.S.I. 


Mr. F. J. Wits (Secretary) 


ALSO PRESENT. 


Dr. A. C. Houston. 
Dr. GrorRGE McGowan. ~ 


Mr. G. B. Kersuaw, 


Mr. Frank Scupper, F.1.C., F.C.S., recalled; and further Examined. 


25651. (Chastain) You have kindly supplied some 
particulars with reference to chemical analysis as applied 
to sewage and sewage effluents ?—Yes. 


CHEMICAL ANALYSIS AS APPLIED TO SEWAGE AND 
SEWAGE EFFLUENTS. 


The Report to the Royal Commission on methods of 
chemical analysis presented by Messrs. McGowan, Floris, 
and Finlow (see Supplementary Volume, Part V., pre- 
sented with the Fourth Report of the Commissioners) 
has naturally attracted my attention, and I should like 
to make the following observations thereon :— 


1. ‘‘ Oaygen absorbed’? from an acid solution of 
Permanganaie of Potash. 


The object of using this test is to differentiate the quality 
of various organic matters in a sewage effluent by means 
of fixed time limits (see Minutes of Evidence, Interim 
Report, Vol. IT., Q. 3608, and Table 14). The method of 
carrying out the test, and the effect of modifying the ratio 
of permanganate to sewage effluent has been investigated 
in my laboratory and numerical figures as to the results 
obtained from a large series of sewage effluents derived 
from a variety of purification processes are to be found 
in the Journal of the Society of Chemical Industry, 
3lst May, 1898, Vol. XVII. 


Dr. McGowan and his colleagues have used in their ex- 
periments a permanganate solution ten times as strong 
as that used by me. The advantages, if any, for this 
modification are not set forth, nor are any results given 
which bring out a clearer difierentiation of the quality 
of the organic matter than by the method which has 
usually been adopted. On the contrary, Dr. McGowan 
admits that unless the sewage effluents are very impure, 
the weak solution gives more accurate results (see page 40 
of Supplementary Volume referred to). 


6225—Ap. I. 


Dr. McGowan presents twenty-eight grains of oxygen ie Feank 
im the form of permanganate to each gallon of sewage ai ae 
effluent, whereas it is usual to present only five or ten grain F.LC.. 
according to the quality of the effluent. FCS. 
- Error due to manipulative skill is more marked with ——— 
Dr. McGowan’s method, inasmuch as an error of one- 16June 1905. 
tenth of a cubic centimetre of the sodium hyposulphite ass 
solution in titrating is equivalent to 0-0387 milligramme 

oxygen, which multiplied by the factor 2:8 gives an error 

on either side of 0-108 grain oxygen absorbed per gallon 

of effluent. 

The following experiments were made in order to com- 
pare the results derived from the two methods of pro- 
cedure, 

Following Dr. McGowan’s method, 25 cc. of the sewage 
effluent were used in each test. 





10 cc. Sulphuric acid (90 parts water to 10 parts acid). 
10 cc. KMnO, solution =0-010 gramme oxygen. 
25°84 cc. Na, S, O; solution =0-010 Me a 
P Ce. - * =0-000387 __,, * 
10 milligrammes oxygen x 2°8=28 grains oxygen per 
gallon of sewage effluent. 
In the Mersey and Irwell method, 70 cc. of the sewage 
effluent were used in each test. 
10 cc. sulphuric acid (75 parts water to 25 parts acid)... 
50 cc. KMnO, solution=0°005 gramme oxygen. 
31 cc. Na, 8, O; ” =0-005 ” > 
Lioeene ss » =0-000161 ,, os 
In the case of experiments 25 and 26, however, 20 cc: 
sulphuric acid and 100 ce KMn0, solution were added. 
The sulphuric acid should always be tinged pink with 
permanganate. This precaution is not referred to by 
Dr. McGowan. 
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From these results it is seen, first, that the four hours’ 
test with weak permanganate solutior passes twenty-one 
samples out of twenty-six. With strong permanganate 
eighteen samples are passed. Second, the curve with 
strong permanganate does not run parallel with the weak 
permanganate curve. Third, this difference becomes more 
marked with the three minutes’ test, and the use of a 
strong permanganate solution is not so satisfactory as a 
weak one, 


With regard to the “at once”’ permanganate test, it 
does not possess any advantages over the “three 
minutes’ ” test, which is commonly followed, nor is any 
evidence given in favour of modifying the time limits 
usually employed. Indeed, Dr. McGowan admits that 
‘probably the “three minutes’®’ test is better than 
the “ at once ”’ test.” f 


2. Determination of Free and Saline Ammonia. 


Dr. McGowan, on page 12, recommends that the strong 
standard solution of ammonium chloride should be 
weighed when put aside and again weighed before any 
further liquid is taken from it for dilution, in order tc 
ensure that there has been no sensible evaporation 
“through” the stopper. This is a precaution quite un- 
necessary to adopt, and it is procedure that does not 
commend itself to me, inasmuch as it has not been shown 
that any loss has been observed to take place in a well- 
fitting glass-stoppered bottle. 


The determination of the ammonia correction in the 
distilled water used is unnecessarily enlarged upon, and 
the procedure described by Dr. McGowan for ascertaining 
this is cumbersome. In theory, of course, the procedure 
is accurate, but in practice it would be making a mountain 
of a molehill. 


The method of nesslerising, which is the important point 
in the whole determination, is not described, and to attempt 
to work with 1 or 2 cc. of a sewage, as Dr. McGowan 
suggests, is, in my opinion, carrying the test too far and 
putting it on a very unstable foundation. 


With reference to the use of carbonate of soda and its 
hydrolysing action upon the organic matter of a sewage 
effluent, I am unable to confirm Dr. McGowan’s state- 
ment on page 13 that: “‘ The glass of the distilling vessel 
furnishes sufficient alkali to ensure all the free and saline 
ammonia being driven oft in the case of ordinary sewage 
and effluents.”” Experiments were made to ascertain the 
rate at which free and saline ammonia in sewage effluents 
were evolved with and without the addition of a little 
sodium carbonate solution :— 


Procedure One litre of water was put into a series 
of flasks and to every second flask was added 1 ce. Normal 
Na, CO. 


Sclution— All were boiled till free from ammonia. 
25 cc. of the same sewage was added to one pair of 
flasks (one with, the other without, alkali) and distilled. 
100 ec. of each distillate was first collected then a number 
of 50 ce. fractions. 


Owing to the amount of ammonia which came over 
with fractions 1 and 2, aliquot parts were taken for 
nesslerisation. 


]. CuLcHeTH Homes. SaLForD GUARDIANS. 


Filtered Effluent. 








Zonc.C. 
With Alkali. Without Alkali. 
Fraction. 
(1) 100—80:-0 100— 70:0 i, 
_ 6=4°0 5=3 °5 : 
(2) 50—11°5 50—16:0 
(3) 5O— 4°5 50— 6°0 
(4) 50— 1°5 5 4°1 
(5) 59— 0:0 59— 1-0 
97°5 Fi | 


ec. NH, Cl soln. 


6225—Ap. I. 
= 


cc. NH, Cl sola 


2. Farnworts U.D.C. 
Filtered Effluent. 





25 ce. 
With Alkali. Without Alkali. 
100—1-0 100—1-2 
50=0 :5 50=0 °6 

50—0-0 50—0-0 
50—0:0 50—0-0 
50—0:0 50—0:-0 
50—0:0 50—0-0 

1:0 1°2 


c.c. NH, Cl soln. 





c.c. NH, Cl soln. 


3. SALFORD CORPORATION. 








Tanks, 
25 cc. 
With Alkali. Without Alkali. 
100—60°0 100—50-0 
5=3°0 §=2°5 
50— 7°4 50—12°5 
50— 3°5 50— 4:0 
50— 1:2 50— 1°5 
50— 0:0 50— 1°2 
Te:1 69-2 
4. WaRDLE U.D.C. (HIGHER). 
Tanks. 
25 ce. 
With Alkali. Without Alkali. 
100—128-0 100—98-0 
5=6°4 5=4°9 
50— 12-0 50—22°U0 
50— 4:0 50—12°2 
50— 1-1 50— 6°5 
50— 0:0 50— 2°5 
50— 1°5 
50— 1-0 
145°1 143-7 





5. SWINTON AND PENDLEBURY U.D.C. 
n (Pendlebury) Filtered. 


25 ce. 
With Alkali. Without Alkali. 
100—94-0 100—76°0 
b= 4-7 je 3.8 

50— 9-0 50—18-0 
50— 3°6 50— 8-9 
50— 1:1 50— 3°5 
50— 0:0 50— 1-0 

107°7 106°5 

6. WHITEFIELD U.D.C. 
Tank Effluent. 
25 cc. 
With Alkali. Without Alkali. 
100—50°-0 100—38:0 
p=220 b=1:9 

50— 3°5 50— 7:5 
50— 1°0 50— 5:0 
50— 0:0 50 — 2°5 
50— 0:0 50— 1-1 

54°5 54°1 





7. WHITEFIELD U.D.G. 


With Alkali. 


100—32-0 

5=1°6 
50— 3°5 
50— 1°2 
50— 0-0 
50— 0-0 
36°7 


25 cc. 


Tank Effluent. 
Without Alkali. 


100—26-0 

5=1°3 
50 =66°0 
50— 2°7 
50— 0°8 
50— 0°5 
36°0 


7 4R2 
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8. RocupaLE CoRPORATION 
Tanks and filters. 





25cce. 
With Alkali. Without Alkali. 
100 —70-0 1c0—50°0 
5=3°5 b= 220 

50— 7°2 50—10:0 
50— ‘2°0 50— 8:0 
50=—.0 -0 50—. 5°5 
50— 0°0 50— 3°2 
50— 2:0 

50— 1:0 

79:2 thes? 7 


9. Hrywoop CORPORATION. 





Tanks. 
25 ce. 
With Alkali, Without Alkali. 
100—90-0 100—74°0 
5 =4°5 655 1 

50— 6°8 50—14-0 
5O— 2°1 50— 6:0 
6L— 0°4 50— 4:0 
50— 0:0 50— 1:5 
50— 0:0 50— 0°5 
( 99°3 100°0 








These experiments show that the evolution of am- 
monia when no sodium carbonate is added prior to dis- 
tillation is slow and that there is an\ advantage in using 
a little carbonate of soda. 

Dr. McGowan refers, in Appendix 2, to an experiment 
where he took 100 cc, of sewage, 50 cc. distilled water, and 
0:05 grammes of caustic soda and distilled the liquid, 
but this experiment is not on all fours with the usual 
practice of determining free and saline ammonia, and in 


»no way proves that it is inadmissible to add carbonate of 
.soda in the proportion which I have used gt in the above 
- experiments, viz. 0°053 gramme sodium carbonate to 


25 ec. sewage effluent diluted to one litre of water. 


3. Jointing of Samples. 

The mercury “ jointing”? described on page 11 is un- 
necessary and. inadvisable owing to expansion not being 
allowed for. I have found the following arrangements 
to work well for “incubated” samples, and also for the 
determination of dissolved oxygen. No trace of oxygen 
is found to diffuse into the bottle, and owing to the elas- 
ticity of the water in the bent tube there is no risk of 
breakage. 


MINUTES OF EVIDENCE : 


Description of Apparatus. 


The apparatus consists of a three-necked Wolff's bottle, 
containing a dilute solution of indigo carmine (2 grams 
per litre; Into the necks are fitted :—A. Small stoppered 
funnel containing sodium hyposulphite (NaHSQ,) 
solution prepared according to my report dated June 
30th, 1903, on Schutzenberger’s process. B. A delivery 
tube with pinchcock ; C. An inlet tube from the hy- 
drogen generator D. The stopper from A is fitted with 
two holes, the second one being an outlet tube tor the 
hydrogen gas as shown in side view, fitted with water 
seal and glass plug G. 

The tube from C is continued to the hyposulphite bulb 
so as to retain an atmosphere of hydrogen and to keep 
a constant pressure all through the apparatus. The 
details of the construction of the hydrogen generator 
is clearly shown on sketch. Tube Z# is used for blowing 
to prevent the zine chloride solution from lying at the 
bottom and stopping the access of fresh acid to the zinc 
rods in tube F. 


Method of Working Apparatus. 


Plug G is first removed. This allows the acid to rise 
in the hydrogen generator and a stream of hydrogen gas 
passes through the apparatus. After all the air has been 
expelled the plug is replaced, and the stopcock of the 
hyposulphite bulb is cpened, and the solution of indigo 
carmine is decolourised with the hyposulphite solution. 
The blue solution retained in the delivery tube B is 
forced out by opening the pinckcock. 

The solution of reduced indigo contained in an atmo- 
sphere of hydrogen is now ready for use and remains so 
for a considerable time without further addition of hypo- 
sulphite. . 


Testing of Samples. 


In order to detect the presence of dissolved oxygen 
in the sample tbe delivery tube B is introduced about 
half-way into the bottle containing the sample to be tested 
and the pinchcock pressed, thus allowing a small amount 
of liquid to enter. If oxygen be present a blue colour is 
developed, the depth of the blue being some indication of 
the quantity of oxygen present. 


Application of Tests. 


In order to test the power of a sewage effluent to rob 
erated water of its dissolved oxygen a known volume 
of the sample is mixed with a definite volume of erated 
water (town’s supply). The mixture is put into a series 
of bottles (200 ce.) fitted with 8. traps as described by me 
under ‘‘ Jointing of Samples,” and incubated at 75° 
Fahr. for definite periods of time. 

In order to illustrate the value of this method of testing 
I append the following table (Table 2) setting forth the 
results obtained from an examination of a series of sewage 
effluents, collected in the Mersey and Irwell watershed. 
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TABLE SHOWING OXYGEN ABSORBED 4 HOURS TEST. ALSO DISSOLVED OXYGEN. ee, 





(1) One part sewage + nine parts tap water. 


(2) Equal parts of sewage and tap water. AS tyng. 1996. 







































































Dissolved Oxy,en. 
a Nata Ea Grains of 

Oxyzen Dilution one in ten. Grais of Dilution equal paris. RTE i 

No.! absorbed Dayeen abot hs i : 

4 hours test. peuepmoN i 4 oe ‘i her 

Reenter oD After |. nabato ¢ At | After | After | After | 4g p 
start. | 1 da 2 days Seep ether start 1 da 2d ys. | 3 days wat 
'° Yy- yi Ps 48 hours. le y- & y = AVh. 

1 0°15 oe 6:0 5°9 0°8 6:9 2°3 0:6 0-0 1°26 
2 0°15 6°5 6-1 5°6 0:9 oO 2°5 2-4 0:6 0:92 
3 0°17 7°6 6°5 6-1 1°5 7:6 2°6 1°3 1°4 1:26 
4 0:18 7°6 6:4 4°3 3°3 7:8 2:1 0-0 0-0 1:56 
5 0-22 74 7°9 6-2 1-2 7°6 2°5 0°5 0°3 1°42 
7 0°30 74 5°5 5°5 1:9 6°5 1:9 1-1 0°6 1-08 
8 0°33 7:2 6-2 6:1 pS 6-1 1°5 0°6 0-0 1D 
9 0°37 6°9 6:4 5°6 1:3 7°6 1°6 0°2 0-0 2°48 
10 0°37 6°6 6-3 5°7 0-9 7:0 79. 0°2 0°0 1°36 
12 U°40 6°5 5°9 4°9 1°6 7:4 2-1 0-7 0°4 “1°34 
13 0°44 rAy36 6-1 6°1 1°5 6°8 1°6 Il 1-1 1-14 
16 0°47 6°3 5:1 4:4 1-9 Ger7. 0:0 0-0 0-0 1:34 
18 0°52 7°6 6°9 6°6 1:0 7°2 3°0 1°9 1°6 1°06 
19 0°55 7°6 5:1 3°6 4°0 7:2 0-0 0-0 0-0 1°44 
20 0:56 6°5 5:7 5°3 1:2 5°6 1°3 0:0 0-0 1-12 
22 0°61 UPR! yea 6-1 1°6 7°8 3°6 29 2°3 0:98 
23 0:64 6°6 6°1 4:7 1:9 4°7 2°6 0°3 0-0 0°88 
25 0°66 6°8 6°3 5:9 0:9 7°0 2°6 0-3 0:0 1°34 
26 0°72 2 6°3 3°8 3°4 6°7 1°8 0-0 v0 1°34 
27 OTT art 5:9 3:9 3°2 4°6 0°0 0-0 0:0 0-92 
28 0:97 6°2 “3-9 2°2 4:0 4°5 0:0 0:0 0-0 0°90 
29 0:99 6:9 5°4 4-4 2°5 4°9 0-0 0°0 0:0 0°98 
30 0°99 7°5 5:0 4°] 3°4 4'8 2°0 0-0 0-0 0-96 
31 1:07 6-4 3°9 2°4 4°0 3:7 0:0 0°0 0-0 0°74 
33 1°21 6°7 Bed 5:3 1:4 6°0 0°2 0:0 0-0 1°20 
34 1:28 - Gro iy a0. Pooe-G 45 re Vie toad ee: I aR ar 0°86 
36 1:42 6°38. 3°0 0-b 6°8 8:0 0-0 0:0 0°0 1°60 
37 1°53 6°5 4°2 3°8 2°7 5°9 0-0 0:0 0:0 1-18 
38 1°73 7:4 5:4 4°3 3°71 6°4 0-0 0:0 0:0 1:28 
39 2-04 5:7 0-0 0-0 67 3°2 0-0 0°0 0:0 0°64 
40 2°27 5°7 0:0 0-0 5°7 1°3 0:0 0-0 0°0 0°26 
41 2°38 77 2°0 0-0 7:7 Tt 0-0 0:0 9-0 1°42 
43 2°66 (oa 0:0 0:0 er 3°9 0-0 0:0 0:0 0°78 
44 4°91 5°4 0:0 0-0 5°4 0°0 0:0 0:0 0-0 0°00 
45 7°48 6°3 0°0 0°0 6°3 4°6 0:0 0:0 0-0 0°92 








7 cc. dissolved Oxygen per litre of water is equivalent to 0°7 grain Oxygen per gallon. 
Frank SCUDDER. 


Mr. Frank 
Scudder, 
fed BAS 
iy Oerse 


16 June 1905. 
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25652. (Sir William Ramsay.) I may say that we are 
much obliged to you for coming to give us evidence for 
thethirdtime. Ifancy most of us have read your evidence 
and we all acknowledge that the Mersey and Trwell 
standards have been productive of great good in inducing 
public bodies in attempting to attend to them. Now, as 
regards comments, you are aware that strong perman- 
ganate was used by Mr. Dibdin ?—I was not aware that he 
used it; of course, I know that he mentioned the use of 
a strong solution in his book, but I was not aware that he 
used a strong solution in practice. 


25653. Yes, he does. 


25654. (Dr. McGowan.) He advocates it in his book ; at 
all events, we got it really from there. 


25655. (Sir William Ramsay.) Arother point in cop- 
nection with your system: when you are dealing with 
both sewages and tank liquors, which are of very great 
range of amcunt of oxygen absorbed, would you not 
think it advisable to use a solution which will cover both, 
rather than ore which will fall short of either side ?—No, 
I do not, because, after all, the use of permanganate in 
testing strong sewages is limited in its value. 


25656. But is not that a matter of opinion ?—Well, it 
is my opinion. r 

25657. Of course, you have great experience to back 
that up ?—I have always looked upon the permanganate 
testin thishght ; if crude sewage ab:orbs over 50 per cent. 
of the five grains of oxygen presented to it in the form of 
permanganate of potash, the sample is evidently a bad 
one, and I have never attempted to give a numerical value 
to a sewage over 2'5 grains oxygen absorbed. 


25658. Yes, we were just di:cussing the question as to 
whether a strong permanganate gives any value at all in 
sewage ; and you think the result is not worth having ?— 
No; the way I look at it is this: if it is a very strong 
sewage, you should measure its strength by some other 
means than permanganate of potash; if it is 2°5 
or if it is 10, the inference you draw from those figures 
is the same—whether itis 2°5or10. In other words, I do 
not attach much value to the oxygen figures above 2°5. 


25659. And do you think a strong solution would be 
likely to estimate the oxygen figure ?— If you want to use 
a strong solution you should carry out a moist combustion 
process. 


25660. Which you do by determining albuminoid 
ammonia ?—Scarcely, it would be better to convert the 
organic matter into ammonia by taking solid perman- 
ganate, and caustic soda :—a moist combustion process, 
if you want to get a figure of any value for the oxygen 
consumed. I think that would be a more valuable figure, 
but for the purpose of classifying the effluents, and for 
the purpose of getting sigures which will show what purifi- 
cation has taken place, I think that a weak perman- 
ganate is preferable to a strong. 


25661. But, I suppose on the whole you do not attach 
much value at all to the permanganate test as an absolute 
test ; except as long as you are dealing with the same 
effluent which will give comparative results it is liable to 
break down at any point ?—A.] tests are; that is why 
I say you should have several tests. 


25662. Would you not regard the absorption of oxygen 
from water as a test which does not break down ?—No, 
I should not; I think all these tests individually break 
down; I think these tables of analyses point to that 
inference. 


25663. Under what circumstances would an oxygen 
absorption test break down ; I mean absorbing free oxygen 
from water ; what may be called the putrefactive test ; 
surely it will fail only if there is a reducing substance 
present in your effluent, like sulphate of iron or carbolic 
acid, or some disturbing cause ?—Yes. 


25664. If there is an antiseptic present or some strong 
reducing substance ?—Yes. 


25665. Absorption of oxygen by Thresh’s method, or 
some other comparable nethod, is a standard test ?—I 
cannot rely upon that alone. You will notice from these 
results that sometimes a good effluent breaks down on 
the absorption of dissolved oxygen ; is it to be condemned 
because it has broken down on that, whilst in all other 
respects itis satisfactory ? 


EVIDENCE : 


25666. I should say it would, becauxe it would putrefy 
if put into a stream. The ultimate test 1s whether it 
will putrefy or not, you would agree ?— Yes, I agree. 


25667. Is not the dissolved oxygen ths determining 
factor, whether it will or will not putrefy 7?— But you 
cannot rely on that alone. 


25668. In exceptional circumstances, such as the pres- 
ence of a reduceable agent, or the presence of some anti- 
septic, something like phenol, which prevents fermenta- 
tion taking place ?—I grant that would be an cbstacle 
to the test—the presence of those bodies ; but with that 
renoved I do not like to rely upon it solely; for this 
reason, that it does sometimes show a very high figure 
where the effluent is, I think, in a satisfactory condition, 
judged by the other tests. 


25669. That is, it would not putrefy ?—It would not 
putrefy, although the absorption of oxygen has taken 
place ; it would not putrefy. I think if you studied these 
tables—on Table II., sample 19--I think you will see 
it pretty well illustrates the point ; sample 19, the oxygen 
absorbed, four hours’ test, °*5; and yet the grains of 
dissolved oxygen consumed were four grains. Now, 
there was something peculiar about that sample ab- 
sorbing four grains. One would not like to condemn that 
solely on that test. 


25670. Is that a case where you have some re- 
ducing agent present; some trade effluent like ferrous 
sulphate ?—No, I do not think so. 


25671. Was it tested for that 7— Oh, yes, there was 
no ferrous sulphate or other reducing substance present. 


25672. Or anything else comparable—chloride of tin ? 
—I could not answer for that. Take another sample 
No. 7, where the oxygen absorbed is only °3, end the 
dissolved oxygen has been removed 1.9. 


25673. But as that pretty well agrees with your first 
example the same criticism would apply ; but as a matter 
of observation they appear to run pretty parallel as far 
as you can expect such tests to run parallel; I say you 
are pinning your faith to the permanganate test ; I 
should rather be inclined to pin my faith to the dissolved 
oxygen test. The permanganate goes wrong only if you 
have some reducing substance which uses it up ?—Some 
reducing substance. 


25674. Some reducing substance ?— Your argument 
is applicable to both tests. 


25675. Yes; in the one case you are going directly 
to what you wish to find out, namely, whether the 
substance is to putrefy or not; but in the other, you 
are employing an arbitrary test like the permanganate 
test, which may be of any strength you like, you will 
admit, provided it is always used at the same strength ? 
— Yes. 


25676. In the one case you gain a certain amount of 
information which does not bear on the subject and is 
only auxiliary ; it may or it may not bear; and in the 
other case, oxygen absorption, you have a test which 
has a bearing on the putrefaction, which after all is the 
final test to which you wish to subject your effluent ?—I 
hardly follow ; I do not agree that such a definite differ- 
ence can be established between the two tests. ; 


25677. You only know the permangnate test divides 
organic matter in the effluent into two kinds, one of which 
is less oxidisable than the other. In the case of the 
dissolved oxygen, in presence of microbes, you are 
absolutely estimating the fermentability of the stuff ; 
you let that go to the very end till no more oxygen is 
absorbed ; now thatis what you are going to do with your 
effluent: you are to put it, finally, into some tank, channel, 
or stream, where it will be under those conditions. if it 
does not putrefy under those conditions it is a good 
effluent ; if it does putrefy under those conditions it is a 
bad effluent ; and you can test whether it is good or bad on 
a small scale by mixing it with river or tap water and 
finding out how much oxygen is absorbed; do you 
not agree ?—I do not agree with you entirely. I do 
not follow your observations, because, in these experi- 
ments which I have made there are effluents which rob 
water of its dissolved oxygen, and yet which do not 
putrefy, i 

25678. Again I must ask you, is it certain that in such — 
cases you have not an antiseptic present ; certain organic — 
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compounds in the shape of trade effluents or nitrates 
present which can be drawn upon in the one case and not 
in the other ?— As I have pointed out nitrate plays an 
important part; if you have nitrate present then you 
only remove any dissolved oxygen slowly. 


25679. That is true, but you remove the dissolved 
oxygen first, and then the nitrate is drawn on ?— They go 
simultaneously as a rule. 


25680. I believe not; we have had a good deal of 
evidence to show the opposite. The dissolved oxygen 
goes first and the nitrate follows ?—I put in some 
figures before you last time I gave evidence rather 
contradictory of that statement. 


25681. I think we have both made our points. Ido not 
think we shall get any further by following this out ?— Yes. 


25682. As regards your critique of Dr. M‘Gowan’s 
method, that an error of one tenth of a cubic centimetre 
of the sodium hyposulphite solution in titrating, we 
generally read -01 of a centimetre; that would reduce 
the error to one-tenth ?— Yes, reading to one hundredth 
of a c.c. is very delicate indeed. 


25683. To one hundredth of a c.c., oh, yes; but, 
admitting that, one-third or one-fourth would be a 
reasonable error. As regards tingeing the sulphuric 
acid with permanganate it depends upon how you pro- 
ceed. The testis merely comparative ; if you standardise 
the permanganate in the same way as you are going to 
use it, it surely does not matter ?— Well, of course, the 
sulphuric acid varies in its power to absorb permanganate ; 
the amount of the permanganate consumed varies with 
the sulphuric acid. 


25684. According to the amount of the sulphuric 
acid you use, but if you use the same under similar cir- 
cumstances to do the same thing you get the same results ; 
ix ib not merely a question for the mdividual analyst to 
decide for himself ?— Yes. 


25685. It is with permanganate as with an indicator; 


you make the colour you intend and you proceed 
to colour your unknown substance up to a certain 
colour 7—Of course it is very slight wher you do 
that; but if you take sulphuric acid and tinge it with 
permanganate, you will find that the colour gradually 
fades away, and you have to keep retingeing it. . 


25686. 1t goes slowly ; I think that is the disadvantage 
of the process altogether, that you have really no point? 
—As long as you start with a very faint tinge then I 
think you involve the minimum error. 


25687. We doa blank ?—SodoI; always a blank. 


25688. I think it is merely a matter of choice; in 
certain of the instances given in Table II, the oxygen is 
all exhausted ; for example, on No. 4 the oxygen appears 
to be exhausted ?—Yes. 

25689. Again; No. 16, No. 19, No. 20; well, what 
quantitative conclusion can you arrive at from these 
results ?—Of course, some of the results have puzzled me. 
I have done a great deal of work and spent a great deal 
of time upon them; I have done hundreds of them, but 
T should say that the time required to remove the oxygen 
becomes the quantitative factor. 


25690. But would not these be cases for more aeration ; 
for giving more oxygen to it, so as to see how much would 
be absorbed ?—Oh, quite so. In the other column you 
have the dilution of one in ten; I give more acration and 
you have dissolved oxygen present in the liquid at the 
end of a definite time. 

25691. 1 do not see that any conclusion at all can be 
drawn from this ?—Lilutions in equal parts. 


25692. Yes; only you have not gone to the end; you 
have exhausted the oxygen, and that is the end of it ?— 
Yes, that comes to the point whether an effluent should 
be condemned because it has exhausted its dissolved 
oxygen when diluted with its own volume cf aerated 
water. My idea was that, instead of having to 
dilute these effluents, one to ten, I wanted to try ifet 
could not get to a standard dilution, say, equal parts. 
The first attempt was to try the effluents to see if it was 
possivle to get any effluent that would contain sufficient 
dissolved oxygen in itse'f and retain it for 48 hours. That 
I found was not possible. Then 1 tried dilution, equal 
parts. That was why this table (as a typical table) was 
put before you to show thatif one fixed ona definite volume 
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of aerated water to present to the effluent, and if such 
mixture would retain its dissolved oxygen for three days 
it would be a good effluent. I started off assuming your 
former proposition that it was to be the crucial test, and I 
wanted it to be made so that anybody could use the test, 
even a layman covld use it, or a manager of works, or any- 
body associated with sewage work, and that was why I 
ircluded this column in the Table ; the experimenter need 
not know the conterts of dissolved oxygen; but if he 
found dissolved oxygen after incubation at 75 degrees for 
three days he knew ‘he had got a good effluent; 
that is really what that column has been put in 
for, And it also d'scriminates good effluents from 
bad ones 4 little better than the dilution one to ten. 
If you get down to the bottom of the list from 
number 27 onwards, the whole of these have lost their 
dissolved oxygen; so it is a very valuable test for 
discriminating between good and bad samples. 


25693. Then you would regard it as that; as a good 
test ?—Yes, sir; but it is more difficult when you come 
to judge between fair and unsatisfactory effluents and 
to define what the standird ought to be; therefore, 
upon this dissolved oxygen test, you will find that 
fixing a standard is a very treacherous and difficult 
thing to do; that is why I hesitated to accept your 
statement that it really is the most valuable test with- 
out some qualification. The test is quite arbitrary ; 
when I started this work I usel a dilution of 
one in ten, because at that time we had very few good 
effluents; very few places had got efficient filtration 
schemes in operation, and we generally tested all effluents 
coming into the Mersey and Irwell laboratory with a 
dilution of one to ten. Now, we are getting much better 
effluents, and I have been trying to come down to what 
you suggested at our last discussion, to standardise the 
method of carrying out the dissolved oxygen test ; I re- 
member Colonel Harding also pressed me whether effluents 
could be produced which per se contained sufficient 
dissolved oxygen in themselves and world stand incuba- 
tion for three days. Well, I think still that is too severe 
a test, but I am bringing it down to equal parts; I think 
equal parts would differentiate the quality of effluents ; 
in other words, any purification process that would produce 
an effluent which, when mixed with its own volume 
of tap water and was incubated at 75 degrees for three 
days, still contained oxygen, I should say that was an 
excellent result, and that is all the value I put upon 
the test. 


25694. And it is a very valuable conclusion ?—Cer- 
tainly, I would have given you various dilutions; one 
to two, one to three, one to four, and so on; but -this 
is a representative table, and it shews what I may call 
certain eccentricities, which is difficult to explain and 
adds to the difficulty of arriving at a numerical standard. 


25695. Still to go on with this permanganate, Dr. 
McGowan tells me here that if you use strong permangan- 
ate the limits will have different values; and as a 
matter of fact he tells me he finds much greater 
differences in value between weak permanganate at 
65 dezrees Fahrenheit and strong permanganate at 80 
degrees Fahrenheit than you have at 60 degrees Fahren- 
heit; roughly speaking the limits are 1 to 1°6, but 
the ratio is not very regular ?—No, that is so; you see 
I have given a table there; Table I., the first table, 
compares a weak solution with a strong solution. Now, 
as the sewage gets more impure the results tally better ; 
the ratio is better. And then I gave you a diagram 
which is rather illustrative of the difficulty or the trouble 
of using a strong permanganate. 


25696. As regards the question of weighing the solu- 
tions of ammonium chloride, it is a precaut’on which 
really does not matter ; if the stopper is greased probably 
it will not leak out; if it is not greased it may ?—The 
ammonium ch'oride solutions ? 

25697. Yes ?—Yes. 


25698. Again, Dr. McGowan tells me that your sug- 
gestion as regards the determination of the ammonia 
correction in the distilled water has not been of much 
importance. For example, 10 cubic centimétres of 
the sample (the amount of free ammonia present pre- 
cluded more), and with a water constant equal to, say, 
0:10 cubic centim*tres weak ammonium chloride for 50 
cubic centimétres distilled water ; this gives, for the 200 
distillate for albuminoid nitrogen, a correction of 
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0-04 parts nitrogen per 100,000; so it might 
come in ?—Personally, I should not like to take one or 
two cubic centimétres of a sewage ; I take not less than 
25 cubic centimetres. 


25699. Well, in the case of very strong sewage one has 
to use 5 cubic centimetres or even less ; and the distilled 
water correction has gone as high as 0°2 c.c. of chloride ? 
--I quite agree. I presume only a chemist would take 
hold of this report to work upon ; and the first object 
ought to be to try to get pure water free from ammonia. 
My trouble here is that it is introducing complications 
that ought to be avoided because the chemist ought to 
start off with pure water. In my laboratory no one is 
allowed to use water unless it has been tested and found 
pure. 


25700. (Dr. McGowan.) How do you purify your 
water ?--First of all I boil it with alkaline permanganate 
for twenty-four hours. 


25701. The whole of the water you use ?—The whole 
of the water we use ; then we distil it over and reject the 
first and last portion of the distillate. The laboratory 
boy has to attend to this, and we have no water correction 
to make. I would not allow impure water to be intro- 
duced into my laboratory.* 


25702. I quite agree that that is the better course, if 
you can do that ?—It is done in most water laboratories. 
A chemist could of course make a correction. If, however, 
itis to be used by a man at the works it is far better for him 
to use the tap water straight away and not allow him to 
make any correction; what does it amount to? It is 
nothing of any consequence. 


25703. The Grand Junction Water that we have to use 
in time of storm is very brown and very far from pure ?-— 
—After all, we have to remember this, supposing you have 
a free ammonia 1°3, and a free ammonia 1°1—well, what 
inference can you draw from the difterence between those 
two? they are one and the same, so the little error makes 
n» difference to the inference you have to draw. 


25704. The albuminoid ?—Well, the albuminoid, take 
the standard of 0:1, the correction in that will not be 
above ‘005. 


25705. It would be more in this water ?—More in an 
exceptional water. 


25706. You would have to allow for correction ?—Yes, 
and still I think it is a golden rule with chemists that they 
try to start with a pure water and with as little correction 
for impurity as possible. 


25707. (Sir William Ramsay.) The addition of sodium 
carbonate is all right; it is quite correct ?—I only 
mention that fact because in our watershed we have 
induced a certain number of men to follow out this 
test in the sam> way as it is followed out in the 
Mersey and Irwell Joint Committee. Prior to that we 
had a difference in the results. The difierence being due 
to the varying volume of distillate collected. With a 
definite amount of sodium carbonate and a definite volume 
of distillate (250 c.c.s) rapid and-accurate results are 
obtained. In some exceptional cases ammonia is still 
given off even after 250 c.c. of distillate have been collected. 
As I told you in my previous evidence that is a very 
valuable observation to record because it indicates that 
itis a very bad sewage, and for that reason I rather object 
to taking such a small amount as one or two cubic centi- 
metres of crude sewage for a determination. I prefer to 
take 25, no matter what strength the sewage is ; and 50 
¢.c.8 is conven'ent to take for an effluent. When 
using only 1 c.c. of sewage you are apt to get discordant 
results, especially in the preence of suspended matter. 


25708. (Dr. McGowan.) But we do not take 1 cubic 
centimetre for distillation ; we take 10 or 25 and dilute 
it and take the proportionate amount ; we do not actually 
sample out one or two cubic centimétres ?—No, I know 
that, it is a dilution. 


25709. You get a fair sample apart from any large 
masses. of solids ?—The albuminoid comes from the 
volids, and I find the albuminoid results vary tremendously 
when taking small volumes for the distillation. 


25710. (Sir William Ramsay.) Have you come to any 
conclusion as regards the value of the albuminoid ammonia 





ef ordiinary water be distilled after acidification with 
phosphoric acid, the distillate is invariably free from 
ummionia. 
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test ?—Well, I continue to record the results; I think 
it has value ; as long as you get an effluent below the 
standard of 0:1 grain per gallon it is a pretty good effluent 
and not liable to putrefaction. 


25711. Yes, but are there ro other easier tests ; agaia 
would you 1.ot say that the permanganate test gives you 
practically the same result; that they run parallel ? 
—Well, they run parallel and yet they do not run parallel. 
They are comparable between good and bad ; but when 
you come to judge between fair and unsatisfactory, or 
if you are going to subdivide again, there is where ‘he 
difticulty comes in; but if you are only going to have 
two divisions, good and bad, then you get practically 
the same result. 


25712. You may have them different ?—Yes, you may 
have them different. 


26715. Are your views as regards standards the same 
as you gave us some time ago in regard to the stan- 
dard circular, or have you altered your views at all ?— 
Well, I think the only point that wants modifyirg is 
the dissolved oxygen stardard. I told you in my previous 
evidence that I would pass an effluent which did not absorb 
more than two grains of oxygen per gallon of effluent ; 
that is when it is presented with rine volumes of tap 
water ; I think that is rather too weak a standard. 


25714. Would you be inclined to make it more strin- 
gent ?—I would be rather inclined to make it more strin- 
gent. I think it would allow certain effluents to escape 
which ought not to, and that is why I now prefer to use 
a dilution of equal volumes. 


25715. Then as regards the general question of stan- 
dards I suppose you agree that it would not be advisable 
to make hard and fast standards ?—No, sir, it would not 
be advisable. 


25716. It depends on the place ?—It depends on the 
place. ‘ 


25717. I think I asked you before—I may as well 
repeat the question—do you not agree with the plan of 
inspection which is adopted under the Alkali Acts, of 
having inspectors, what. may be called a loose standard, 
such as that of the Mersey and Irwell, to work up to and 
to try to gradually get the sewage purified up to that 
standard, but to do it by tact and courtesy rather than 
pressure ?—Yes, I quite agree; we have never gained 
anything by pressure, but we have gained a great deal by 
friendly intercourse and friendly help one with another. 


25718. You know under the Alkali Act how that is 
worked out ?—Yes, I was trained under the late Dr. 
Angus Smith, who was the chief inspector under that Act.. 


25719. That there has been an enormous improvement 
in the atmosphere ?—Yes. 


25720. Do you not think that a similar improvement 
might be effected by the employment of inspectors acting 
on lines somewhat similar to those adopted by the in- 
spectors under the Alkali Act ?—I quite agree you ought 
to have men of that type and high character to efficiently 
carry out the work ; they must know what they are talk- 
ing about and what they wish to accomplish, and must 
show that their advice is appreciated ; theti you cannot. 
go wrong, and you will get good and lasting work 
accomplished. 7 


25721. The proposal has been to divide the country 
into Rivers Boards; and a condition of that would be 
that each Rivers Board should have its inspector, and 
that he should be charged not merely with the disposal 
of the sewage, but also with the water supply of the 
district. It might need more than one man, of course, 
in a large district; and that, with a central office either 
here or somewhere else, is the plan which. we are recom- 
mending; do you approve of that ?—I do approve of 
that, but I do not quite approve of the way ; the way 
I read your recommendation was that the Conservancy 
Board should have the power to interfere between the 
manufacturers and local authorities. I think that would 
require modification, if it is your intention. 


25722. You think that should be reserved for the 
Central Board.—I think so. Supposing the Mersey and 
Irwell Joint Committee undertook to settle a dispute 
between a manufacturer and a sanitary authority, as to 
whether his effluent was‘to go into a sewer or not, and the 
Mersey and Irwell Joint Committee decided that it should 
not go in, according to your recommendations the manu- 
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facturer has an appeal to the central authority. Well, 
I think that would be rather objectionable, because if 
he got a reversion of the verdict before the central author- 
ity the prestige of the Joint Committee would suffer. 
I think the Mersey and Irwell Joint Committee should be 
kept from interfering with any of those kind of questions 
for settlement. 


25723. Local disputés, ycu mean ?—Yes. By all 
means have the command of any officer or anyone that 

ossesses information that will assist the central authori y 
to decide theissue. Have power to summon him to attend 
and to give evidence, but he must appear on neutral ground. 
I think it would be a great mistake if any authority or 
manufacturer who happened to lose, owing to the decision 
of a Jcint Rivers Poard, should bave the powe: to ap- 
proach the central authority and have the case retried. 
I think it would simplify matters much better if the 
central authority undertood the whole thing, something 
like what the Local Government Board does, in holding 
inquiries into sewage disposal schemes. It might possibly 
be that the Rivers authority would have no evidence to 
present. In that case they would write and say: “‘ We 
do not know anything about this case, and we cannot give 
you the information,” or they might know a great deal 
akcut it, and they might be able to give you valuable 
evidence, but they must be neutral and give independent 
evidence. ‘heir attendance at an inquiry must come by 
request cf the central authority. It wouid be very wrong 
indeed, I think, to mix up authorties and manufacturers 
with the Conservancy Boards to settle disputes that 
could be better dealt with by a central authority. 


95724. (Colonel Hardiig.) I do not quite gather, Mr. 
Scudder, what you: objection is 
authority, in the frst instance, being appealed to by 
both parties for a decision ?—Well, I do not think it 
should be placed in that position. 


25725. But tell us why. Here are two disputants : 
here is the local body, a watershed authority with an 
almost complete knowledge of the local circumstances ; 
what is just your objection to both the manufacturer 
and the local authority referring, in the first instance, 
the dispute to the watershed authority, with power of 
appexl to a central authority ?—Well, my objection to 
it is this, that it is a mistake for a Conservancy Board to 
interfere between two parties both of whom they have 
jurisdiction over. 

25726. Yes. You told us, but why is it a mistake ? 
Here is a body with large knowledge of the circumstances, 
a body more or less imparti.l between the two sets of 
disputants, if the two disputants are willing, in the first 
ins‘ance, t> lay the matter before the rivers authority ; 
what is the objection that you see to that course ?—l 
do no’ know quit2 how to express my objection. 





25727. You say it is a mistake, but why is it a’ mis- 
take ?—Because I think it would cramp them in the future 
when they had to deal with thu vesult. Take an example. 
Suppose the Me.sey and Irwell Board had to decide be- 
tween a sanitary authority and a tanner as.to the ad- 
mittance of tannery effluent into the sewers of the sani- 
tary authority, and the Rivers Board said ‘‘ Put the 
trade effluent into the sewers, we think it is the right 
place.” And then they found in course of time that the 
effluent was unsatisfactory, and the Mersey and Irwell 
Joint Committee had to take proceedings against the 
sanitary authority for the extension of the filtration area, 
and they go to Court and say: “Tne Mersey and Irwell 
Joint Committee told us to take this effluent in.” The 
Mersey and Irwell Joint Committee was constituted 
solely to deal with the pollution of rivers. I think they 
should be kept to that, because, after all is said and done, 
what information dozs a Conservancy Board possess 
which is not easily got at by a central authority? It is 
a question of scientific information more than local re- 
quirements and local conditions; those can be ascer- 
tained simply by the Government Inspector who goes 
down to view ; he hears both sides, 


25728. Is the view you express the view of your Board ? 
—I have never discussed it with my Board; I am only 
expressing my own personal view—the view I take of it 
myself. : 

25729. We take that as your view, but it does not 
seem quite convincing to me. I do not quite see why 
the authority should not undertake that responsibility 
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at the desire of both sets of disputants. However, you 
say you think it would be an error for them to under- 
take it in that case ?—If I were the official who had to 
decide whether a certain manufacturer should go into a 
sewer I should feel very uncomfortable if I decided he 
should go into the sewer, and the authority perhaps had 
sibsequently to spend £20,000 to deal efficiently with his 
effluent, and they informed the Local Government Board 
it was through the official having advised the entrance 
of this material into the sewer. 


25730. But surely such matters would be taken into 
consideration by the Conservancy Board in giving their 
decision ?—There is where the difficulty will come in; 
I see great difficulties arising which will want a great deal 
of investigation, and I think the central authority could 
take charge of the whole thing and do it more thoroughly 
and satisfactorily than a Local Conservancy Board. 


25731. The discussion of such a matter in London in- 
volves more expense than before a lo2al body ?—I should 
not have any discussion in London. The Local Govern- 
ment Board do now go down and hold an investigation 
in any town, and the central authority could do the same. 


25732. Is not that a more complex and costly pro- 
ceeding than the local one ?—No, I do not think so. 
The Local Government Bosrd official goes down to a 
place and holds an inquiry. In the case, say, of the 
Mersey and Irwell Joint Committee desiring to take pro- 
ceedings against a manufacturer, the Local Government 
official arrives and he listens to and takes down the evi- 
dence presented by the Rivers Board, and then he turns 
to the manufacturer and asks: “ What have you to 
say ?”’ and he completes his inquiry into the case. I 
think it only costs £5 each investigation ; less than that, 
about two guineas. You could not have anything cheaper 
than that. 


25733. Do you not think that the parties would, 
in most cases, be bound by the decision of the local body ? 
—wNo, I do not think so. 


25734. You think they would almost invariably 
appeal to the Central Authority ?—I am afraid they 
would. If it were modified to this extent, that if the 
power of appeal from the Local Rivers Board decision 
was struck out and that the findings of the Rivers Board 
should be final less trouble would arise. I mean it is the 
friction that is created between officialism and manu- 
facturers and sanitary authorities in the watershed that 
I mostly fear. 


25735. On the questions of tests which you have just 
been discussing with Sir William Ramsay at considerable 
length, I only want to ask you this: you think it is de- 
sirable, do you not, that there should be some general 
test for effluents recommended by this:Commission, in 
order that the results obtained in different parts of the 
country may be easily compared ?—Yes. 


25736 And that would be of great value if the Central 
Authority were permanently established ?—Certainly. 

25737. Do you think then that as a general test of the 
quality of effluents the dissolved oxygen test could not be 
adopted as the best ?—Personaliy I think it is one of the 
best, but I would not rely solely upon it. 

25728. Well,. obviously, if for instance you have equal 
dilution and the whole of the oxygen is absorbed, if you 
want to know the amount of impurity shown beyond 
what is shown by the test, in that case you must either 
introduce more dilutions or you must have additional 
tests, must you not ?—Yes. 

25739. But with equal parts of dilution, if you do not 
absorb the whole of the dissolved oxygen, that test alone 
will probably be sufficient as indicating the quantity of 
matter in the effluent ?—Yes, it is from a practical point 
of view, but then you have to look at it from a scientific 
point of view as well; that is the reason I gave this column 
of equal dilutions. Going amongst sanitary authorities 
they used to say: “ What will satisfy you ?”* and we 
were not able to say definitely what would satisfy us 
now we are ina position, I think, to say what will satisfy 
us. 


25740. Would you be satisfied in the case of equal dilu- 
tions if there was shown to be dissolved oxygen in the 
mixture after three days ?—Personally I would give an 
undertaking to the man that I would not prosecute him ; 
he would not hear me say anything against him if he 
could maintain an effluent of that character. 
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25741. On the other hand, if in an effluent only half 
the dissolved oxygen had been. absorbed after three days, 
would you express 8. tisfaction ?—Ob, certainly, if there is 
any dissolved oxygen at the end of three days with equal 
dilutions. 

25742. Then you would simply express approval so far 
as to Say you do not prosecute ?—Yes. 

25743. But if 50 per cent. were left you would go further 
and express distinct satisfaction, would you ?—Oh; 
certainly. 


25744. Would not such test on the whole be a very 
simple one and be able to be carried out by workmen, 
persons at sewage works ?—Yes, and [have broughta little 
apparatus here to show you how it can be done and carried 
about. I am inducing sewage managers and ordinary 
workmen to try end make use of it. 


25745. That is the machine you have brought with you ? 
—I have it in the other room and some samples to test and 
show how it works. 


25746. As you have long been the chemical adviser 
of the important supervising authority in Lancashire, 
Mr. Scudder, I should like to take the advantage of 
your being present before us to-day to ask you one cr 
two general questions on methods of sewage dispcsal. 
You have in Lancashire a great number cf communities, 
large and small planted together on the banks of the 
stream ?—Yes. 


25747. And those communities have begun to real se 
that they have the responsibility, not only of dealing with 
their dry weather flow but of a certain number of ss 
of their sewage ?—Yes- 


25748. In view of the circumstances mentioned, do you 
think it practicable for many or most of these communities 
to treat their sewage entirely by land process 1 BY oe rd 
process ? 


25749. Yes ?—Oh, no; oh, no, not by land proccsses. 


25750. Because probably areas are not a-ailable ?— 
The area-is not available, and land of a suitable kird 
cannot be obtained. 


25751. Then, failing land, is your large experience such 
as enables you to say that the purification of sewage 
may be satisfactorily carried out upon areas specially 
prepared, such as are Saeed hh referred to as artificial 
filters ?—Yes, sir. 


25752. You find, for instance, that if a septic tank 
effluent is dealt with by double contact you get satisfactory 
results in many cases ?—You do by double contact. 


25753. If there was triple and quadruple contact, 
probably the results would be greatly better 7—Yes. 

25754. Do you think, in short, that any desired result 
of purification may be obtained if the question of financial 
practicability be ruled out ?—Oh, undoubtcdly that has 
been well established in our watershed. 


25755. You are quite satisfied that by what are known 
as artificial methods the purification, any degree of purifi- 
cation required, may vce obtained ?—Yes. 


25756. Then co you think that within reasonable 
limits of cost results good enough may be obtained -by 
artificial filtration ?—Urdoubtedly. 


25757. And those remarks apply probably to both 
systems of filtration, either contact or percolating tof 
prefer percolating. 


25758. 1 was going to ask you whether from your large 
experience in Lancashire you have been able to form an 
opinion which is better than the other ?—I think percolat- 
ing filters are infinitely superior to eny other system. 

25759. Can you .briefly tell us why ?—Because they 
produce a fully oxidised effluent rich in nitrates and a 
contact system will not give such a highly oxidised 
effluent. 

25760. And probably the. effluent from percolating 
filters contains much more dis>*lved oxygen ?—Well, the 
effluent will maintain more dissolved oxygen, and in that 
respect is superior. 

25761. But they are better aérated ?—They are better 
aerated certainly. 

25762. Do you find that with aéubic yard of percolating 
matcrial you can get a larger volume through than with a 
cubic yard used as a contact filter ?—Yes; a 60 feet 
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diameter filter, 9 feet deep, percolating will deal with 
100,000 gallons of tank effluent per day. I think that 
works out a little over 350 gallons to the square yard. 


25763. Squire yard or cube yard ?—To. the square — 
yard. 


25764. What depth ?—Ni:e feet deep. 
25765. Nine feet deep ?—Nine feet deep. 


25766. That would be a little over 100,000 ?—100,000 
gallons, a 60 feet filter will deal with. That I have had 
personal experience with. I have determined that figure. 
The Local Government Board allow 80,000 gallons for a. 
60 feet filter ; that is if you put a scheme before the Local 
Government Board, it has to be of sufficient area to deal 
with 80,000 gallons ; as a matter of fact, it will deal with 
100,000 gallons, but I do not recommend more than 
100,009 gallons to be placed upon a 60 feet filter. 


25767. How is the question of percolating filtration 
affected by the quantity of sesperded matter in the 
liquor going upon the filter ?—Of course, in a percolating 
filter you. make it of coarse material; it is preferred 
because of the suspended n atter being washed out with 
the effluent, and it is necessary to have subsidence tanks 
or some form of filtration for the effluent from the perco- 
lating filters, rapid filtration ; I prcicr sand filtraticn ; at 
present I have only induced ‘the authorities to put down 
tanks for simple subsidence. 


25768. Then two methods are See in hercules 
filtration ; one that you should first of all very throroughly 
settle the suspended matter, and put upon the filter what 
is in effect a well classified effluent, in which case no further 
process is required afterwards 2—Oh, yes. . If you put on 
a clarijed sewage you will lessen the subs equent settle- 
ment required, b-cause with, say a settled effluent or a 
precipitated effluent (there is not much to choose bet ween 
the two), you practically remove the suspended matter to 
within three ‘or four grains. ee 

25769. Let me put it this way : suppose you put on a 
percolating filter an effluent which would only contain 
four parts per 100,000 of suspended matter, do you foresee 
that it would be necessary to have, after the percolating 
filtration a further process, say, such as you have cupeectec 
of sand filtration ?—Yes, undoubtedly. 


25770.. Even .then ’—Yes. I have got several cases 
where we are experimenting now. I induced the local 
authorities to put down a shallow sand filtration in 
preference to sedimentation tanks. ~ 


25771. Let me have your opinion a little more fully on. 
that, Mr. Scudder. The assumption is you put on four 
parts per 100,000 suspended matter on your filter ?—Yes 


25772. How much would you expect to come out,?— 
Seven or eight grains. 


25773. You say that you bring out seven or eight ? 
do you mean as an average or do you mean occasionally ; 
—Yes, the average is seven or eight grains. 


25774. Where would the other three parts. come from ? 
—Matters in solution becoming insoluble. 


25775. Colloidal’ matter comes distinctly out in sus- 
pension ?—Undoubtedly. In. fact, the experience I 
have gained in working percolating filters leads me to 
tie conclusion that I will not put down a contact bed 
again. I y ould not have anything more to do with contact 
beds from the experience I haye gained from working 
percolating filters, because I never realised that you. 
would get 30 much sedimentation matter thrown out 
of solution in an insoluble form. A contact bed after 
it has been in operation for two or three years gets 
sensitive in its actions It wants a great deal of 
care and attention. If it is neglected itsoon goes wrong— 
it gets ineftective. If you get a “percolating filter you 
throw off the suspended matter in a granular form and 
your difficulties are removed, and the life of the filter 
continues energetic for an u_ limited period. 


25776. I gather you tink a percolating filter should 
be so constructed that it may pass out with the effluent 
suspended matter which has not liquified or changed 
into gaseous form ?—Yes, sir. 


25777. It must therefore not be too fine ?—No, sir, 
it must not be fine; Ido not like them a fine. Of course in 
a contact bed an experienced man puts a fine material on 
the top for the purpose of arresting the susperded matter 
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on the surface of the bed; he scrapes the accumulation 
away and replaces it periodically like an orcinary sand 
filter used at a waterworks. If he does not do that and 
makes the filtering material all of the same size, he finds 
hé has to go do wn to his drain pipes to clean the material, 
and the labour then becomes very great. 


25778. Then a percolating filter constructed to re‘ect 
what dogs not digest is aa orgarism capable of continual 
life ?—Yes, sir, undoubtedly. 


25779. Have you met with any cases of fine percolating 
filters in your district ’—No, not large ones put 
down intentionally to deal with the sewage; experi- 
mental ones— we have experimental ones working. 


25780. I do not know whether you have any know- 
ledge at all of the sewage works at Hanley in the neigh- 
bouring county to yours ?—No, I do not. I have not 
been to Hanley for some years. 


25781. But you would look with disfavour o1 fine 
percolating filters ?—Yes, I should. I should like coarse 
ones and not fine ones. 


25782. Why doyou notliketoo ne filters? Is it because 
there is a danger of their retaining and not passing out 
the indigestible suspended matter ?—There is that, 
and moreover you are apt to form a slimy growth in fine 
material rather than in coarse materisl. 


25783. You woald be afraid that a fine percolating filter 
might retain suspended matter and so choke ?—Not 
only that, but there is also trouble with the slimy growth. 


25784. But that growth is a surface growth is it not ?— 
No, it gets well down into the filter, a slimy gelatinous 
growth and when you get that you have to be very careful 
even with the percolating filter. But if you have it 
made of coke from the size of a walnut up to the size 
of your fist you can work a filter and not get it into that 
slimy condition, and you get your suspended matter 
thrown off in a granular condition. When it is in the 
granular powder condition you know your filter is doing 
gool; when slimy it is not getting sufficient aeration. 


25785. We have your opinion that the material should 
be so coarse as to cause suspended matter to come ont ?-— 
Yes. 


25786. I just want to press you further on the interest- 
ps point you raised, that however thoroughly the sewage 

as been clarified before it goes to the filter you are 
likely to have considerable quantities of suspended 
matter coming out ?—Undoubtedly. 


25787. But is that your experience in all cases 7 
Yes, sir. ; 


25788. Have you met no cases where thoroughly 
clarified sewage put upon a percolating filter does bring 
out an effluent which is fairly free from suspended matter, 
containing not more than, say, three or four parts per 
100,000 ?—Oh, yes, I have observed that and I have looked 
into the matter, but they can only do it for a limited 
time—three weeks or a month—then the s- spended matter 
would come out and run up to fifteen grains; it has 
to come out sooner or later. 


25789. Then your experience leads you to the opinion 
that a percolating filter will bring out more suspended 
matter than goes on ?—That is the result of purification, 
viz., the impurity removed from the effluent becomes 
insoluble. 


25790. And by throwing out from solution into ‘sus- 
pension you bring about some purification ?—Quite so. 


25791. Of course there is purification of dissolved 
matters other than those in a granular form ?—-Yes, 
if you take the clearness of a tank effluent going on it may 
be represented by thirty millimetres depth seen through, 
and aftér passing through a percolating filter it may 
rise to 230 millimetres depth seen through—the effluent 
will be sparkling. The colloidal matters present and 
part of the soluble matters have been rendered insoluble 
and form suspended matter. 


25792. Assuming you are right a further process is 
necessary in any case; antecedent settlement having 
been carried out does it very much matter whether that 
settlement has been carried very far on not ? If you must 
have, after percolating filtration, a further process, may 
you not have only partial settlement of the suspended 
matter and send on to the filter considerably more sus- 
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pended matter than it h-s been hitherto taking ?— Well, 
of course, when you put on to any filter suspended matter, 
you give it a great.deal of work to do, and it is a slow 
process to destroy solid matter on a filter ; it will eventu- 
ally clog up. I have no confidenc> in putting on to any 
form of filter an effluent containing suspended matter. 


25793. Then your view is that although a farther process 
is required, however thoroughly clarified the tank liquor 
muy be, nevertheless it is des‘rable to thoroughly clarify 
it first ?—Yes, sir. 

25794. Well, that involves, does it not, a large pro- 
duction of sludge ?— Yes. 


25795. Which in some cases it is very difficult to get rid 
of ?— Yes. Idonotsee how you are going to get over the 
difficulty of sludge production if you are going to get 
thoroughly oxidised effluents and effluents containing 
large proportions of nitrates or efflucnts which will retain 
the dissolved oxygen. 

25796. Then, not withstanding the necessity in all cases, 
as you think, of a further process beyond percolating 
filtration, you approve of pereclating filtration?— I do,sir. 

25797. And in regard to such subsequent process you 
suggested to us just now that sand filtration was the best 
finul feature ?— Yes. I should like to see it tried—shallow 
sand filtration, filtering at the rate of 1,500 to 2,000 gallons 
per square yard; it is a rapid process; the suspended 
matter is in a granular condition. 

25798. It merely means the suspended matters coming 
out of a percolating filter are ina state to ke readily settled 
or readily strained off ?— Yes, they are. 


25799. Have you any experience of settlement instead 
of this more or less mechanical straining that you have 
referred to ?— Yes. 

25800. Well, what effect has settlement after percolating 
filtration ?— Itis very satisfactory, but you must have two 
or three tanks working for a time with one tank off for 
cleaning. At Hyde, where I have done much 
work and experimental investigation, one large settling 
tank has been built, but experience has proved that this is 
not sufficient and that an extension is necessary ; but with 
a series of shallow settling tanks good results can be 
obtained. I found that the solid matter collected was 
liable to putrefaction, and this is a point which I should 
like to dwell upon for a moment because it modifies an 
opinion which I gave in my previous evidence.. I find 
the suspended matter is liable to putrefy, but that when 
it is in contact with the oxidised effluent containing 
nitrates its putrefying property is minimised. 

25801. It is not in the same condition as the suspended 
matter in the crude sewage ; it is to some extent oxidised 
though not fully oxidised ; is that your view ?— Well, it 
is not oxidised— the suspended matter. 


25802. You mean that it is not oxidised at all ?— No, I 
should not call it oxidised material. 


25803. That it has not in any way changed ?—Oh, it 
has changed ; itisin a different condition, but I would not 
callitan oxidised body ; itisa kind of peat ; ithas altered 
physically. 

26804. In what way has it altered ?— Itis more granular, 
settles more rapidly, and is not slimy. Quite black in 
appearance, but it is not an oxidised body. 


25805. Is it equally liable to putrefy as before percolat- 
ing filtration ?—'The suspended matter which comes frem 
a percolating filter is liable to putrefy. 


25806. ‘lo the same extent as before ?— Oh, not to the 
same extent. 


25807. That is the point I want to get at; there is a 
chemical change in the passage through the filter ?— 
When I was here before and gave evidence I told you that 
the effluent from a percolating filter did not putrefy, 
even though it contained suspended matter. I was 
quite correct at that time because I bad only retained it 
with the effluents containing nitratcs, but in practical! 
working you will find it eats up all the nitrates in the 
liquid and begins to putrefy. 


25808. Lot me put it this way: is the suspended matter 
thrown down in the settlement tank, after percolating 
filtration, liable to give less nuisance in drying than the 
same suspended matter which has not passed through ? 
—Oh, no, not at all, quite a different thing. 
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25809. It is much improved ?—It is much improved, 
Oh, yes. You could not create a nuisance with tha 


material at all. 


25810. So although it is to some extent putrefactive it 
is much less objectionable ?— Oh, certainly ; and it isa 
very valuatle material as a manure, Of course the ideai 
method really world be to have with percolating filters an 
area of land and work the land for crops with the sludge 
and also the effluent from the percolating filters. 


25811. Do you suggest thatits manurial value is greater 
after passing through a percolating filter than it was before! 
—Yes, its manurial value is greater, I believe. 


25812. Its manurial value. I think yousaid speaking 
of the matter settled out from percolating effluents, that 
it was good for manure: is it better for manure than 
the suspended m.tter settled before filtration ?— 
Undoubtedly. 


25813. Why ?—In the first piace t does not retain so 
much water. The great difficulty, of course, in farming 
with sludge is the amount of moisture that is retained in 
the soil. 


25814. Then this a a new point. You find that the 
sludge after percolating filtration is denser?— Is denser, 
and it is in a condition to put in to land for crop growing, 
being in my opinion more assimilative by plant life. 


25815. You mean simply because it contains less 
moisture ?—No. Ihave got an analysis of it here, setting 
forth its constitution. 


25816. In what way is it better for manure ?— Well, it 
is free from all those sticky matters and greasy matters 
found in ordinary sewage sludge. 


25817. It is more granular ?—It is more granular. 


25818. That is a physical reason ?--It is owing to its 
physical condition and to the high amount of available 
nitrogen that it contains that it would be very valuable 
for improving the manurial value of land for crop growing. 


25819. Have you seen any instance of that sand filtra- 
tion that you have referred to ?— No, only from my own 
experiments. I induced a firm to put me down a filter 
for experimental purposes and I filtered about 70,000 or 
80,000 gallons a day for a few months to see how it worked 
—of course, it was only for removing that suspended 
matter—and it worked admirably. 


25820: The matter deposited on the surface of a fine 
filter such as you have referred to would soon dry, if 
the filter were rested, would it not ?—Yes. 


25821. The water would drain away fron it and it 
would drain dry and crack on the surface and form into 
small portions ?—Yes. 


25822. Which could probably be raked up into heaps 
and removed ?—Well, yes, you would not allow more 
than an inch to accumulate on the surface. 


25823. In your experience you think that is practicable ? 
—I do. 


25824. Briefly, your experience since we last saw you 
is in favour of percolating rather than contact filtra- 
tion ?—Yes. 


25825. And you are satisfied sufficiently good results 
can be obtained by percolating filtration within reasonable 
limits of cost ?—Yes, sir. 


25826. (Sir William Ramsay.) I should merely like 
to ask a question or two in addition to those Colonel 
Harding has asked you as regards tank treatment. Have 
you any particular view as to which is the most easily 
or cheapest worked, whether sedi: entation alone, or 
sedimentation with chemicals or septic tank; have you 
made any observations which would lead you to prefer 
one to the other ? —Yes, of course I have had a very 
large experience all over the country with regard to 
precipitation works, and it varies tremendously ; and I 
dare say the evidence which you will get will be very 
conflicting ; because if you go to Glasgow, for instance 
—now I will take one extreme—you will see sm-ll tanks 
in use and they precipitate with alumino ferric, and 
they draw the cfiluent off in twenty minutes as clear 
as possible. 1 was very much + ae with that place 
as being one extreme, because I Was advising Manchester 
at the time. There I had very large tanks, precipitating 
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with alcmina end dc’n2 notuing like what they were 
doing at Glasgow, and could not obtain anything like 
so good an «fl ent inappearane>. Each sewage has to be 
decided onits merits with regard to the chemical treatment 
it wil require. Asa rule the use of lime and copperas is 
the most economical and effective method of chemical 
treatment. ~ 


25827. When you are dealing with chemical precipita- 
tion ?—Yes. 


25828. Would some sewages be better treated by 
the septic tank ?—I never had any love for the septic 
tank treatment. I never saw anything that warranted 
me in saying I was in favour of septic tank treatment. 
On the contrary, I am rather against a septic tank treat- 
ment. 


25829. Would mere sedimentation not give you a 
clear enough substance to put cn a percolating plant ?— 
On a percolating plant, certainly. In the case of Hyde 
I tried chemical precipitation with lime and copperas ; 
we worked that for six months because at that time it 
was thought that a percolating filter would not deal 
with chemically treated effluent, it required a septic tank 
effluent, as a septic tank effluent was more liable to 
nitrify than a chemically treated effluent. 1 thought 
I would test it. For six months I worked a chemical 
effluent on that filter. I got excellent results. I then 
gave up the use of chemicals entirely and simply had 
subsidence and obtained equally good results. If you 
use a septic tank effluent you invariably find you have 
a minimum of eight grains of solids in suspension going 
on to the filter bed and that is disastrous, resulting in the 
clogging of the filter eventually. 


25830. With subsidence you can get less than that ? 
—With subsidence I can get less than that, about three 
or four grains per gallon; and in the majority of places 
where they have had septic tank treatment you will 
find they are passing it through the tanks at such a rate 
that it is no longer septic tank treatment, it is only sub- 
sidence, it can only be called subsidence ; they allow 
the sludge to fill up, and when you have a tank with 
4,000 or 5,000 tons of sludge in it, itis a drawback. It is 
not only taking away capacity, but increasing the sus- 
pended matter in the effluent. If you go to any place 
where they are using septic tank effluent and take the 
effluent flowing away from the septic tank and add five 
grains of lime to the gallon, you would be surprised at the 
precipitation you get. You can imagine what filter beds 
must suffer from getting that amount of suspended 
matter on to the beds. Ido not like septic tanks ; they give 
you a great deal of trouble. It was alleged they do 
away with the expense of chemical precipitation, 
but then if you get suspended matter in your effluent you 
have to pay for cleansing your filter beds or renewing 
them, and possibly at a greater cost, but with percolating 
beds that is not at all necessary. Ihave a percolating bed 
four years old ; it is as good as the day it was built. ° We 
tried various experiments varying the rate of flow and the 
suspended matter comes away in different quantities 
according to the season of the year and the way they 
work it, but if the filter is worked regularly and fed with 
a constant feed good results are obtained. With four 
to five grains of suspended matter coming away then it 
works splendidly. In the summer months it is throwing 
off more, in the winter it stores it. We have been able 
even to observe this by systematic working. 


25831. So all through you advise subsidence or chemical 
precipitation in preference to septic treatment fcllowed 
by percolating filtration with subsequent settlement 
filtr.tiou either througa tanks or through sand. That 
sums up what you have been telling us ?—That accur- 
ately sums it up. 


< 
25832. (Major-General Carey.) Without any subsequent 
treatment on land ?—Without any subsequent treaiment 
on land. 


25833. Do you consider that the provision of land for 
subsequent treatment would b2 useful in conjunction 
with artificial filtration ?—I do; if I had a free hand 
to design a scheme I should certainly get sufficient land 
wnereby I could utilise that solid matter which comes 
from the percolating filters and grow crops upon it. We 
did my ch good work at Manchester yeais ago with alittle 
area of land. We showed what could be accomplished 
on certain land, growing oats, cabbages, and turnips, 
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and things like that, and we got excellent results with the 
sewage sludge, and where you can obtain ad2quate areas 
of land [I think it would b2 valuable to utilise that 
material with land. 


25834. (Colunel Harding.) We are to take it that 
you think the land is useful, not for the treatment of 
sewage, but for the treatment of sludge ?—Yes. 


25835. (Major General Carey.) I did not understand 
that ; I thought you said the effluent, after pa: sing through 
the percolating filter, could be usefully treated on land to 
get rid of any sediment remaining in it ?—The first thing 
I would like to see done would be the utilisation of the 
sedimentary matter from a percolating bed; it is sur- 
prising what a quantity does accumulate. I would lke 
to see it applied to land where land can be obtained. 
There are places where you could not get land, of course. 


25835. And do you consider that all kinds of sewage 
can be purified by percolating filters or other means of 
artificial filtration ?—All kinds of sewages, sir. And 
certain kinds of manufacturing sewage also‘yield them- 
selves to artificial filtration. 


25837. Take the case of a town like Bradford, where 
there is a large quantity of grease brought down from 
the manufacturing proce:s, mixed “with the sewage, 
and where it is very difficult to take out the suspended 
matter before putting it on the filters, do you still think 
that artificial filtration would purify a sewage of that 
kind ?—Well, of course they must remove the greasy 
matter before it goes on to the filter. At present they 
destroy the grease with sulphuric acid. The effluent 
from that as a matter of fact has been put on percolating 
filters and excellent results obtained. I daresay you 
have had evidence from Mr. Garfield on that point ; but of 
course you could not attempt to put crude sewage on 
the filter bed ; it would soon block it up. 


25838. Quite so. Have they tried it long enough at 
Bradford to prove that filters are not blocked up by the 
greasefrom the trade effluents ?—Yes, sir, I believe so 


693 


25839. Taat is entirely by the sulphuric acid treat- 
ment ?—Yes, sir. 

25840. Of course it is a very costly treatment ?—Oh, 
it is very costly indeed; in fact, it will be interesting to 
see what they do now they have secured the Esholt 
estate, whether they propose to put down these 
percolating filte.s or not. 

25841. But knowing that, as they must do, it seems 
rather strange that they should go to the cost of buying 
this large estate, the Esholt estate, for land treatment ? 
Oh, certainly. 
filtration in any case ; it will do for a public park some 
day, perhaps. 

25842. (Sir William Ramsay.) There is one other 
point before you go, and that is, would you mind correcting 
and condensing, or getting some one to do it for you, 
your work on the oxygen absorbed—the work showing 
the comparative values of oxygen absorbed—from weak 
permanganate three minutes and oxygen absorbed from 
weak permanganate four hours, with the temperatures. 
You have done an enormous amount of work on the 
subject ; we should very much like to have some sort of 
summary ?—Yes. 


25843. I do not know whether it would give you a great 
deal of trouble to give us such a summary ?—Ob, I will 
do it with pleasure, but I do not quite follow what your 
point is. 

25844. The point is this, the comparative values of 
oxygen absorbed from weak permanganate three minutes, 
oxygen absorted in four hours, at any particular tempcra- 
ture which you choose ?—Yes, 60 degrees. 


25845. 60 degrees in each case. The point is as re- 
gards that and the rate at which the substance will take 
up oxygen from surrounding water, when you are making 
comparative tests; would you mind ?—I wil! do that 
with pleasure. 


25846. I have only again to return the thanks of the 
Commission to you. 
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25847. (Chairman.) The object of our coming to 
Craigellachie was, as you know, that we might confer with 
representatives of the riparian owners and representatives 
of the distillers in regard to the investigation which the 
Commission are, by the Royal Warrant, charged to make, 
for the purpose of ascertaining what methods of disposing 
of distillery refuse might properly ke adopted. The 
subject matter of our inquiry is of importance alike to 
the riparian owners and the distillers, and looking to the 
magnitude of the interests involved it appeared to the 
Commission to be desirable that this conference should be 
held, and that they should have the assistance of koth 
parties in determining the lines of the investigation. 
The date for the conference was fixed, after consultation 
with both sides, many weeks ago, tut last Saturday the 
Secretary received a letter from His Grace the Duke of 
Richmond and Gordon, stating that the riparian owners 
had decided not to attend. I can only say I am much 
obliged to you for meeting us here to-day, and I deeply 
regret that the other side are not present also. I think, 
Dr. Cowie, that you have got some suggestions to make ?— 
(Dr. Cowie.) Yes, we have. 
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Tuere is very little of it siitable for land . 


25848. (Chairman.) Possibly it might be well to ask 1 Nov. 1908 


you first what has been done since we met you last 7— 
(Dr. Cowie.) Since you last visited the north considerable 
progress has been made. At Tamdhu Distillery Mr. 
Robertson will tell you what has been done. 


25849. (Mr. Robertson.) Since the Commission visited 
us, we have managed to perfect the plant, and to treat 
all the burnt ale. We had difficulties before, but we have 
managed to overcome these, and so far have been suce:ssful 
in our efforts. We have managed to arrange t’ « flues so 
as to regulate the heat to admit of our drying the syrup 
with the utmost regularity. 


25850. (Chairman.) How do you dispose of the heat?— 
(Mr. Robertson.) We use the waste heat from the furnaces 
underneath the boilers which raise the steam for the 
evaporators. 


25851. (Chairman.) What is the effluent 7—We get an 
effluent which is practically pure water. 

25852. (Chairman.) The nature of this distillate will 
be a matter for investigation 7?—What we now do is to 
reduce the pot ale, which contains aLout 3,000 grains per 
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gallon of organic matter, to a minimum of three grains 
per gallon. Of course there is a smell, but we claim that 
this is as perfect an effluent as can be desired. 

25853. (Sir Michael Foster.) How do you dispose of 
the syrup ?—We run the syrup into trays, and these 
trays are passed into the flue, and we regulate the heat 
to something between 400 and 600 degrees. At this 
temperature, we find that we drive off all the acids. 


25854. What is the manurial value of the product ?— 
We get £5 a ton for it at the distillery. 


25885. What does the cost come to in your case ?—To 
put it as simply as possible, at Tamdhu it costs us 
about one halfpenny per gallon of whisky distilled.. At 
Rothes the combination of distillers have a plant of 
exactly the same kind as at Tamdhu, and after going 
thoroughly into the matter, we thought that the cost in 
wages of running a larger plant would be about the same. 


25856. (Chairman.) It is a ‘combination ketween 
various distillers ?—Yes, between four of us. 


25857. The four distilleries are very close together ?— 
Yes. 


25858. So that in your view, you have solved the 
question, at all events so far as nuisance is concerned ?— 
Yes, that is what we are doing. 1 may say, however, 
that at the general request we undertook to build a 
chimney at Rothes, two hundred feet in height. This in 
itself was a very serious addition to the cost of the work. 


25859. Does the halfpenny per gallon include the 
interest on the capital ?—Yes, we reckon that just 
covers everything. 


25860. The process is working well and you do not 
find any trouble at all ?—No. 


25861. (Sir Michee Foster.) Do ycu think that this 
large expenditure on the works at Rotkes will pay you ?— 
We will not really be able to tell till the end of next 
season, when the plant will have ked a chance of running 
through a season. I think, too, we might get a better 
price for cur manure. 


25862. (Chairman.) Do you happen to know that it is 
worth more than £5 a ton ?—I have scme papers here 
showing analyses by Mr. Tatlock, which I hand in.* He 
says it is worth really £6 a ton. 


25863. Do you use the manure at present ?— We do not 
use it for anything. We sell all we can make to the 
manure trade through a broker. 


25864. Does it keep quite well ?—Yes ; by application 
of heat, as mentioned before, we drive off all the deli- 
quescent matters, so that the result is that the manure 
will keep for years. 


25865. (Colonel Harding.) This expenditure of one 
halfpenny per gallon, I take it, is an expenditure which 
you as a distiller are prepared to ccntinue ?—Yes, in this 
way that we are always hoping to get better prices. 


25866. Then if you don’t get better prices than you 
are doing, you are prepared to incur this expenditure ?— 
Yes, we can't help ourselves. 

~5867. I mean it is not an expenditure that is pro- 
hibitive ?—At the present time, it is not. At the same 
time if competition among distillers goes on getting 
keener, and there is no increase of price |for the bye- 
products, it might come to be a serious matter. 


25868. The process at Rothes is the 5 
Tamdhu ?—Yes. Bia td 


25869. What is the proportion of burnt ale that is 
made :—We reckon that a distillery of a capacity of 
2,000 bushels will have about 30,000 gallons of pot ale. 


25870. (Sir Michael Foster.) What is done with your 


steep water ?—We have a continuous flow and filter it 
upon our waste land. 


25871. Is there any objection to that ?—No. 


25872. So far as you know, there has been no co 
; A ¢ ms 
plaint ?—We do not know of any objections. 


25873. (Colonel Harding.) In the process of drying the 


syrup you find that practically no nuisance arises ?—-No 
there is no nuisance, f : 


* See Report at end of day’s evidence. 
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25874. (And do you consider the process at Tamdhu 
is one that is satisfactory ?—I don’t think we would 
spend £12,000 at Rothes, unless it was satisfactory. 


25875. You say that the trade is rather bad just now, 
but supposing that the trade became somewhat worse ?— 
Then it might be a serious matter for us, but we are 
always hoping fo: a better price for the manure. 


25876. (Sir Michael Foster.) Have you plenty of land 
at your distilleries ?—We have at Tamdhu, but not at 
Rothes. 


25877. At Tamhdu there is ample waste land ?—At 
Tamdhu, we are in rather a fortunate position. We 
got the land from Mr. Grant of Elchies. 


25878. (Chairman.) What was the arrangement in 
regard to the land ?—We got it on a twenty-one years’ 
lease. 

25879. At a reasonable price ?—Yes. 

25880. I am glad to hear that this is progressing 
so well. 


25881. (Colonel Harding.) In your case what heat do 
you have for the dryers ?—We have a supplementary 
furnace for the dryers which we can use when running the 
distillery up to its capacity. The waste heat employed 
is the heat from the furnaces underneath the boilers in 
which we raise steam for the vacuum evaporators. This 
waste heat does not come from the working of the distille 
at all, and is quite an independent plant. re 


25882. There are favourable circumstances at Tamdhu 
but if. the distillery was situated higher in the hill 
the cost to you would be more ?—(Mr. Robertson.) Yes. 

25883, (Dr. Cowve). 1t comes exactly to this at Tamdhu. 
Yhey would not require any steam at all \t'ere, but 
would do all the work with water power. In addition 
to the distillery, now they have an expensive factory in 
which they burn a large quantity of coals per week, em- 
ploy a considerable number of men, and have a costly 
and perishable plant. 


25884. (Chairman.) You have some other process, 


Dr. Cowie ?—(Dr. Cowie). Yes, at Cardow, Mr. Cum- 
mings. 

25885. (Mr. Cumming). We use the waste heat of the 
distillery flues for the incineration on brick shelves. We 
build up the shelves on a system originally started at 
Longmorn. We pump the pot ale to the top of these, 
and let it down, regulating the flow into the top shelf, 
and the flow of the pot ale goes down into a lower shelf, 
and the flames are coming in the reverse way. I may 
say that we have supplementary furnaces. 

25886. (Chairman). Had you any difficulty ?—(Mr. 
Cumming). The only one that suggested any complaint 
was Mr. Grant of Wester Elchies, when we started it. 
I think he did this to protect himself in the future, be- 
cause since that time there has never been a single word. 


I never even heard it mentioned for the last eighteen - 


months, and the most you can say as to smell is that 
there is a slight smell of fresh pot ale. We do not really 
burn it to a cinder. It does not go out in a very dry 
state. We do not sell the residue as yet. We use it for 
the land and it is not a marketable commodity as it is 
in a moist state. My experience is that with, say, one 
thousand bushels per week, we can consume the whole 
of the pot ale; but if we take, say, fifteen hundred 
bushels, we have a certain residue, and with two thou- 
sand bushels, some more residue. We have never found 
much difficulty owing to the amount of pot ale being. 
carted by the farmers. For the last ten cr twenty years, 
the farmers have taken away a very considerakle quantity 


of pot ale, and we have had no difficulty in getting rid 


of the surplus. 
25887. And as to the other efiluents ?—We put them 


through filtering beds. Last year we put in the yeast. 


from the washings of the lacks, and also the spill of 
the tarmers’ carts. This caused some troukle in the keds 
and we found that some of the beds got foul. 


25888. You gave it up ?—Yes, we cleaned the keds 
this year and kept out the yeast and the spill and no 
pot ale got into the beds. We use some gravel filters 
along with the clinkers and we found the result is 
very good. 


25889. How did you dispose of it ?—We used the 
beds as continuous filters, instead of contact beds. 


e_ eee 
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25890. (Sir Michael Foster.) And the spent lees in 
the same way ?—Yes, in the same way. 

25891. (Chairman.) Is it your own farm ?—I lease it. 
Of course it is'a very great matter to have the farm so 
near. 

25892. You find the farmers are taking the pot ale ? 
—I can say this—that the farmers ten years ago did not 
use so much as they use now. 


25893. (Sir Micnael Foster.) What is the nature of your 


land ?—Some of it is cold clay land, and some of it black 


land on gravel. 
- 25894. It is varied land ?—Yes. 


‘ 25895. What is the acreage ?—About one hundred 
and thirty acres. 


_ 25896. (Chairman.) Do you put it on the pasture ?— 
Yes. 

25897. (Sir Michael Foster.) How much pot ale do you 
put on these one hundred and thirty acres ?—I cannot 
say how much per acre. We put it on in the winter time. 
It cannot, of course, be applied all the year round, as, 
say, when the crops are growing. 


_ 25898. How do you: put it on the land ?—It is simply 
thrown from the end of a cart. 


25899. You pour it out on the land ?—Yes. 


25900. There is no smell ?—It passes away in a 
moment. In a wet season the pot ale might fail to get 
down through the land, if there were conditions such 
as-frost which would keep it up. Last year we had 
rather a light crop, owing to the dry season. 1 don’t 
see how there would be too much pot ale put on the 
best land in a good year. In a wet season the crop 
might go down but, of course, in any good land in a 
district where there is no pot ale the crop might go down. 


25901. (Chairman.) I may take it that in your case 
you have no difficulty with the question? You are using 
the pot ale on your farm ?—Yes. © Our family have had 
the farm for 100 years, although, of course, I have it on 


a ninetcen years lease. 


25902. (Sir Michaed Foster.) From Mr. Grant ?—From 
Mr. Grant, of Elchies. . 


25903. (Chairman.) Is the drainage from the land into 
the river ?—It is not near the river. 


- 25904. (Sir Michael Foster.) Is it high land ?—Some of 
it is about 200 feet above the river. 


- 25805. (Chairman.) That would seem to be a satis- 
factory method of disposal, if properly conducted. 


25906. (Colonel Harding.) I see that Mr. Grant, in his 
evidence, said there was a certain danger in applying 
burnt ale to the land, as such luxuriant crops would be 
created: and he went on to say that if you put on much 
burnt ale, it would burn the pasture. I take it thatdanger 
can be counteracted by keeping records of the amount 
of burnt ale put on and using what is safe for the 
land ?—That is so. I think Mr. Grant had in his mind 
at the time the case against the Daluaine Company. 
They there put on thousands of gallons of pot ale on a 
small place, and, admittedly, it did damage for the time 
being. 

25907. Do you require supplementary heat in your 
destructor, in addition to your waste heat ?—Yes. 


25908. Have you been able to form an opinion as to 
the cost incurred at Cardow ?—The cost per gallon would 
be very small—I should not think half of what Mr. 
Robertson has said in their case. 


25909. Do you suggest that your process is a better 
process than the process at Tamdhu ?—Yes, for us, but 
if we were not near a railway station, and could not get 
coals cheap, and did not have facilities to put the residue 
on the land, I would say we would have a difficulty. We 
Would thei be the better of having a plant which would 
consume all the pot ale but the cost of the production 
and the carrying of the coals up the hill would be 
prohibitive to us now. 


25910. So I take it that the wast> heat will only 
@vaporate a certain amount of pot ale ?—That is so, 
after a certain point. I may tell youthat Messrs. Gilbey 
have a plant exactly similar to ours at Knocklands 
and are able to consume all the pot ale by exactly the 
same process as we do, The capacity of the distillery 
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is about 1,09) or 1,100 bushels ; 
every drop of the pot ale. . But I hold that if they went 
up to a certain figure they could not do so. 


25911. (Sir Michael Foster.) Could they not enlarge the 
plant ?—(Mr. Cumming.) The distillery was built with a 
destructor of a certain size, and then there was no question 
of pollution. Dut if the distillery was Luilt now, I daresay 
a plant might be put in which would consume more. 

25912. Your plant is not able to take a larger 
quantity than 1,000 or .1,500 bushels ?—No. I simply 
say that with regard to the cost per gallon. I can 
put it like this: that our calculation should le that each 
ton of coals produces 100 gallons of whisky. Now, 
with improved methods, and covering our stills with 
asbestos, we conserve the heat so much as to spare coals, 
and this would compensate us for the extra coal required 
for the supplementary furnaces. So that really our 
coal bill last year was not prohibitive and so far as the 
coal bill was concerned, we could not consider it out of the 
way. 


25913. What do you do with your other products— 
your steep water, and so on ?—The steep water we have 
never had any troulle with. We put is into our dam 
and dilute it, and it is diluted to such in extent. that 
no injury can arise from it. 


25914. (Chairman.) You turn the steep water.out.of the 
dam ?—We dilute the steep water, and we find that by 
dilution it does not trouble us. We have never had any 
trouble. We have gone on doing this fcr ten or twelve 
years. | We could treat it if necessary, Lut so long as we 
have no troukle or complaints, we don’t do that. It 
would ke quite simple to put it through our teds: »;We 
put the spent lees and all other effiuents into our filter 
beds. a 

25915. (Sir Michael Foster.) The steep water goes into 
the drains ?—Not directly. — 

25916. How often do you clean the dam out ?— 


‘About once a year, or once every two years. 


25917. Is there any growth of vegetation 7—There 
is no vegetation. iol 


25918. From the 7 ond it goes into the river 9Yes : of 
course, it goes through a stream first and thus it is diluted 
more. ‘ 


25919. (Mr. Robertson.) There is a Report which we 
got from Mr. Tatlock about the steep water. 


25920. (Mr. Cumming.) 1 can say 1 arranged with Mr, 
Grant, of Elchies, regarding this point, and discussed. it 
with him along with his Inspector of Fisheries. So long 
as we did not create any nuisance he had no objection, 
and we were able to keep free of that. ; 


25921. (Sir Michael Foster.) How long have you had 
the process in operation ?—Ten years, but the process for 
keeping out the yeast from the beds, that was put in this 
year. Occasionally the Inspector certainly , has, said 
that he thought the beds were not working .so_well,as he 
would like, and we promised at the end of the season to 
make them all right, which we did. 


23922. (Dr. Cowie.) There is another process which 
the Commission can see at Daluaine and Convalmore 
Distilleries. There, there is an iron. box introduced into 
the flues: at the end next to the chimrey is an exhaust 
fan, into this iron box there lead a number of nozzles. 
The pot ale—either pure or precipitated—is forced 
through these nozzles under high pressure. At’ the 
bottom what is not. evaporated is pumped over again 
through the nozzles, until it is concentrated, and then 
they dry it. 

25923. (Chairman.) Then there was another process 
going on—to make cattle food of it ?-{Dr. Cowie.) That 
is no more being carried out. a 

25924. Another process was the pure land treatment ? 
_Colonel Smith Grant, Glenlivet, of G. andJ...G. Smith, 
“ce Glen ivet Distillery, will speak to the pure .and 
treatment. ae 

25925. Tell us what it is ?—(Colonel, Smith, Grant.) 
I feel part of the pot ale to the cattle, and .some 
of the farmers round about drive it on to their land 
an] the balance I drive on to my farms. At, the 
Glenlivet Distillery we are at present driving on to the 
land 20,000 gallons of pot ale per weex; the amount 


and they consume | Nov. 1905.’ 


1 Nov. 1905. 


os 


© 


696 MINUTES OF 


per acre would be 2,500 gallons per week, this quantity 
doing eight acres. The ale is not put on to the same 
acres every week, unless the weather is favourable. 
Burnt ale without the sludge would do no harm to 
any land, whatever quantity you put onit. The sludge 
bears a small proportion to the burnt a)e—in the above 
quantity about 300 gallons. I consider that 150 acres 
of land would be quite sufficient to utilise all the pot ale 
from this or any distillery of the like size, and do no 
harm to theland, but improveit. In the years 1897 and 
1898 upwards of 3,000,000 gallons were put on to two 
acres of land, the land was then sown out with oats. 
The first oat crop was too heavy, but it was too long of 
being cut. The second crop (next year) was oats and 
was a very good one. Third year it was sown out with 
grass, which was also a fine crop. 


25926. (Sir Michael Foster.) That is the pot ale without 
any treatment ?—Without treatment. 


25927. (Chairman.) There is no chance of it reaching 
any stream after filtering through a great deal of land ? 
—No, none. 

25928. Is the land improved by this treatment ? 
—Very much. 

25929. Do you find your crops become too luxurious ? 
—Perhaps in a wet season they are rather heavy. 


25930. How much land do you require for this 
treatment ?—I farm 700 acres, but finl that 150 a-res 
are sufficient. 


25931. (Sir Michael Foster.) You only take a propor- 
tion of the pot ale ?—Yes. 


25932. What proportion do you take ?—About three- 
fourths. 


25933. (Colonel Harding.) Can you tell us what quan- 
tity you put on ?—About 20,000 gallons. If you put 
it on in very dry weather it might be apt to burn the 
grass ; but if the weather is not very dry you can put 
on any quantity. 


25934. (Chairman.) Can you give us any idea of the 
land which would be required to take the products of 
any certain distillery ?—A distillery of about same size 
as mine would require 150 acres. 


25935. You say you take about one-fourth ?—I 
have about 25,000 gallons and I put nearly 20,000 on 
the land, about 2,500 ga'lons per week. 


25936. (Colonel Harding.) What quantity per acre 
do you put on ?—(Chairman.) How much land is necessary 
for the disposal of your pot ale ?—(Colonel Smith Grant.) 1 
may say that the Glenfarclas people last year put their 
burnt ale all into one field. JT am not sure of the extent 
of it, but they practically put the whole of the pot ale on 
this land. I was up there and saw the land and thought 
they were overdoing it. ‘They, on the other hand, said 
they were not, and they had a magnificent crop of hay. 


25937. (Sir Michael Foster.) What kind of land was 
it 7—It was cold land. I am not sure of the extent of 
the field. 


25938. (Colonel Harding.) What quantity of pot ale 
do you consider permissible if the land is good 7?—2,000 to 
3,000 gallons per week per acre, but it would vary 
according to the nature of the soil. 


25939. (Dr. Cowie.) You can tell them that your farm, 
Minmore, with the worst land in the district, was one of 
the latest farms, but now it is one of the earliest and best ? 
—That is a fact. 


25940. (Dr. Cowie.) If they want a nice crop of grass 
they put on pot ale, andin a week or ten days they see the 
effest 


25941. (Mr. Cumming.) 1f you put on pot ale on new 
grass, hot, it will scorch it, but in six weeks, if wet weather 
comes on, the grass grows up quite luxuriously. If you 
put on the pot ale, hot, on a hot day, it will injure the 
grass, but not permanently. 

25942. (Str Michael Foster.) Is it grass land only that 
you put the pot ale on ?—(Colonel Smith Grant.) We 
put it on the fields before they are ploughed and after 
plouzhing. 

25943. (Chairman.) Have yoy any difficulty in getting 
the pot ale all the year round ?—(Colonel Smith Grant.) No. 


EVIDENCE 


25944. (Sir Michael Foster.) If there is a hard frost, 
does not that affect you ?7—It does not affect us at all. 
The carts can get over the fields better. 

25945. How hotis the pot ale ?—(Dr. Cowie.) Probably 
fifty or sixty degrees Fahrenheit. gates 

25946. ((Colonel Harding) In this method of treatment 
is the cost of distribution met by the improvement in the 
crops ?—(Colonel Smith Grant.) Well, I have the cost of 
carting, and I employ three or four men to do this. 

25947. Is that expenditure met by the improvement 
on the crops ?—1 think so to a great extent. 


25948. Can you dispose of the whole ale without 


cost ?—(Colonel Smith Grant.) I would not care to say 


that. (Colonel Harding.) At a small cost ?—Yes, at a 
small cost. 


25949. (Chairman). Will farmers not see the advan- 
tage of using the pot ale and cart more of it ?—They are 
doing so. 

25950. You don’t get any price for it ?—I am glad to 
get rid of it. 

25951. (Dr. Cowie.) In connection with this very 
question, [ persuaded a farmer last year to take some 
sludge to put on part of his land. He put it on part of 
the worst field on his farm. The result was that this 
year he had a magnificent crop of turnips better than 
on any other part of the field. He came to me six weeks 
or two months ago asking me if I could not put up a pipe 
to pump the ale up to him, and he would take the whole. 
Before complying with his request an application was 
made to the proprietor, but, so far, he has got no reply. 


25952. (Chairman), I think I am right in saying that 
there is only another process to be described ?—(Dr. 
Cowie.) We have the bacteriological process at my dis- 
tillery (Mortlach). We pass it over a limestone bed, 
and then seven contact beds; after that we dilute the 
effluent and pass it over a continuous filter. Since this 
has been done we have had no trouble. 


25953. What do you do with your precipitate ?—We | 
put it into pits, and let.it dry, and then the farmers 
take it away. 


25954. Do you think they would pay for it ?—I 
am afraid they won't. 


25955. These are all the processes. Can you tell us 
how many distilleries are there that are doing nothing in 
this matter ?—(Dr. Cowie.) I am not aware that any 
distillery in this part of the country is doing nothing. 
They are all taking some sort of action. 


25956. Do some of them simply run the stuff into 
pits in the ground ?—One or two do that. At 
Glengiddich, Balvenie and the Dufftown distilleries it is run 
into pits. At Convalmore they have the evaporation process 
that you will see to-morrow. At Parkmore they make a 
syrup ofit. This distillery (Craigellachie), was using Russell 
Duncan’s process. They are now driving the pot ale on to 
the fields. At Aberlour distillery it is precipitated with 
lime and superphosphates and put over bacteria beds. 
At Daluaine it is precipitated and the effluents evapo- 
rated. At Benrinnes it is blown up a chimney. At 
Glenlivet the process has been described to you; and 
at Cragganmore they put it on to the land. At Bal- 
menach it is treated with precipitate. Coming down 
the other side of the river the process at Tamdhu, Cardon, 
Knockando and Macallan, has been fully explained to 
the Commission. Going further down the river you 
have heard what is done at Rothes, and this embraces 
almost all or nearly all distilleries in the district. 

25957. So that a large amount of investigation is 
being done ?—Yes. I think if the proprietors had been 
here to-day they would have agreed that much of the 
pollution has been done away with. Of course, the 
proprietors state to the Commission that nothing has 
been done. There is also this question of froth. They 
talked about this, but there must be a certain amount 
of froth in any soft running stream. 

25958. (Colonel Harding.) Although at one time there 
was no unanimity among you on this subject, at the 
present time every distillery is doing something ?—Quite 
80. 

25959. You are fully prepared to lo something ? 
—Certainly. 
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25960. What we have had before us to-day goes to 
show that in certain cases there is a satisfactory result 
and that the cost is not prohibitive ?—(Mr. Cumming.) 
I would put it in this way. Ifthe proprietors were not 
satisfied with anything but complete evaporation, that 
would be a very serious consideration for some distillers. 
I do not know if certain of the distillers could pledge 
themselves to adopt any very expensive process as it 
would perhaps kill them out altogether. 


25961. (Sir Michael Foster.) It is fairly evident that 
the comparative costs of the processes may differ in 
different places, and that it is undesirable to limit dis- 
tillers to one process if others are efficient and free from 
nuisance. 


- 25962. (Chairman.) I would like to ask you, Dr. Cowie, 
about the facilities for obtaining land. This is a very 
important matter.—(Dr. Cowie.) It would be a very 
great advaatage to distilleries if we could with some cer- 
tainty get the land we wanted, because in the meantime 
it is in the power of proprietors to make the acquisition 
of land prohibitive. 


25963. And with regard to getting the land near the 
distillery ?—There is a great difficulty about that. 
We have to get the land near the distillery otherwise 
the cost would be too serious in bringing the by-products 
to the land. 


25964. (Sir Michael Foster.) Is there about the dis- 
tilleries land which might be got on reasonable terms ? 
—About a good many. 


25965. (Colonel Harding.) Is it necessary to lease land for 
. a distillery if it can be shown that the pot ale can be used 
with advantage upon the land ?—Farmers will take the 
stuff if it is near them. But if the distillery is down in 
a valley and the farmers have to cart the stuff, then it 
is a serious question as they cannot take more than one 
hundred gallons at one load. Suppose the land is near 
and the farmers willing to take it, I do not see why the 
proprietors should object to it being pumped up to them. 


25966. (Mr. Cumming.) Farmers are getting much 
more willing to use it. There is one farmer I know who 
has improved his farm so much that he wants more 
accommodation for his gattle. I hold that land, in many 
cases, in the district of Knockando, has been improved 
to perhaps double its original value. 


25967. (Colonel Harding.) Seeing that it is advantageous 
to use the stuff, it is surprising that it should not be 
encouraged ?—(Mr. Cumming.) The landlords do not 
object to it in a way, but the farmers take a little time 
to understand it. 


25968. Anyway you find that progress has been 
made, and that they are beginning tu appreciate it ?— 
Yes. They can bring out their cattle now on straw 
and burnt ale in quite as good condition as on straw 
and turnips. 


25969. (Sir Michael Foster.) How do they use the pot 
ale for feeding ?—When there is a short crop of turnips, 
and plenty of straw, they use the pot ale largely ; but not 
so much when there is a full crop of turnips and short 
straw. 


25970. (Dr. Cowie.) For the last two years turnips 
have been usually good, and straw unusually short, but 
as a rule it is the other way about. 


25971. (Cnairman.) I think that we have heard now all 
that has been done; and the question is what we propose 
to do. Have you anything to suggest, Dr. Cowie? 
(Dr. Cowie.) Yes. I think we ought to investigate, (1) 
Whether or not burnt ale improves the land, and does not 
permanently injure it, as asserted by the riparian pro- 
prietors ; (2) The nature of the land most suitable and 
the quantity that can be applied per acre without injury 
to the land. (3) To ascertain the cost of treatment by 
this method. (4) Is it in any way a nuisance ? 

25972. If that is to be fully investigated it will be a 
very long business. I don’t think it could be done with- 
out great expense. 

25973. (Sir Michael Foster.) Is there willingness on 
the part of the Distillers’ Association to undertake the 
expenditure ?—Yes. 

25974. It seems to me that the guidance of an 
agricultural expert is required. I think that you shouid 
make experiments as to the application of pot ale to 
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the land, the condition of the crops, the timesof ap- 
plication, and so on. There is a large number of problems 
which might be very profitably worked out by systematic 
investigation. 


25975. (Dr. Cowie.) Colonel Grant and Mr. Cumming 
have facilities ?—(Colonel Grant.) I would be very pleased. 

25976. (Dr. Cowie.) We sould like the Commission to 
supervise and see it, and superintend it in a general way. 
There is aiso artificial filtration, (1) To investigate by 
what method this is best carried out; and (2) To deter- 
mine the effects of different effluents on the streams; 
(3) To ascertain the cost of treatment by this method ; 
(4) Is it in any way a nuisance? Also by evaporation, 
(1) To ascertain the cost of the plant; (2) the cost of 
working and depreciation ; (3) Value of residue ; (4) Con- 
dition of the effluent; (5) Is it in any way a nuisance. 
Also by incineration. (1) To ascertain the cost of the 
plant ; (2) Cost of working and depreciation ; (3) Value 
of residue ; (4) Is it in any way a nuisance. Lastly, to 
ascertain to what extent purification of distillery effluents 
should be carried out before it is safe for municipal 
authorities to take the same into their sewers. 


25977. (Sir Michael Foster.) Are there many distilleries 
at which you have water above the distillery without 
pollution and water below the distillery without pollution, 
—(Dr. Cowie.) Yes. At Cardow there is nothing above 
the distillery and nothing below it, and at Glenlivet the 
same condition obtains, and at Glenfarclas and other 
places. Also you could easily find out some distillery 
down by the sea and without prejudice to any fishing 
rights, make any experiments you wanted. With regard 
to the Duke of Richmond and Gordon’s evidence about 
fish being as plentiful in the lower reaches of the Spey 
as they were in former years, but not in the upper reaches, 
it is well known that salmon have a homing instinct, 
and that if they have been hatched at the mouth of a 
stream they do not come up. 


25978. Have they a hatchery on the Spey ?—(Dr. 
Cowre.) Yes. There is a hatchery down at the sae where 
thousands of fish are turned out. 

25979. If they are hatched low down, they produce 
their young low down ?—They do not push up the river. 


25980. (Mr. Cumming.) I know when there was no distil- 
lery working on the Spey this autumn that the fishing 
was practically a failure. 


25981. (Colonel Harding.) What you mean is that there 
are other causes besides distillery effluents to acct unt 
for the presence or absence of salmon ?—(Mr. Cumminy.) 
Yes: 

25982. (Sir Michael Foster.) Can you form any idea 
of what is the real condition under which fungus grows 
in the streams and what produces it ?—(Dr. Cowie.) There 
is no doubt, I think, that it is the phosphoric acid in the 
effluent which causes it. As a matter of observation 
we find that. 


25983. (Colonel Harding.) If it has not been tried before, 
this would be rather an interesting experiment. (To 
Dr. Cowie.) I think that we did not get any opinion 
as to the cost of the methods of treatment which you 
have in operation ?—Do you mean to ask what it costs 
me? (Colonel Harding.) What it costs by treating 
the pot ale by that process—how much the gallon on the 
output of whiskey ? (Dr. Cowie.) I am afraid I have 
not got any figures. The cost would be small after the 
initial expenditure. It would be probably less than one 
farthing per gallon. 


25984. In the meantime you tell us that in your 


opinion the cost would be relatively small. 


25985. (Chairman.) What would be the cost ?—(Dr. 
Cowie.) I think the capital expenditure would be about 
eighteen hundred pounds. — 


25986. Do you think the Highland and Agricultural 
Society would undertake the experiment of the land 
treatment of the pot ale ?—I do not know. Colonel 
Smith Grant is in touch with the Highland and 
Agricultural Society. There is a College of Agriculture 
at Aberdeen, and they perhaps might take it up. 


25987. Do you think the College would take it up? 
—Well, theyare carrying out experiments all over the 
country, but might I venture to say that any recom- 
mendation to them would come more strongly from 
you than from the distillers. 
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25988. And as to the cost of the experiment ?—(Jr. 
Cumming.) I think the Distillers’ Association would be 
quite willing to pay the expense. 

25989. We have heard about the difficulty in getting 
land on which to put your pot ale. .Is there not any 
way in which the proprietors could be approached so 
as to make things easier ?—(Dr. Cowie.) It is the 
most economic method, and it is for the benefit 
of the community that this valuable manure should be 
utilised. 


25990. Can yon not impress that upon the pro- 
prietors ?. In. many cases it. is not. purely waste land. 
It is moor land, and it is not possible to pump 
the pot ale on to the waste land-?—If you put the pot 
ale on to the waste land, it is surprising how soon the 
grass will grow on the land. You saw that at Coleburn 
Distillery, where the waste land there is now fairly good 
pasture. 


25991. It appears to me that the problem would be 
largely solved if the proprietors would see it in that 
light, and give you the land at a reasonable rate. 
It would probably improve their property and go far 
to solve the whole question. ‘We. propose now to visit 
certain places where we can see the processes which you 
have described in operation, and we shall then select 
those which shall be put under observation. . We under- 
stand that the distillers are willing to give the Com- 
mission every assistance in their investigations. We 
also want to find.some distillery which is suitably placed 
for making; observations as to the effect of effluents of 
known composition on the stream. We have thought it 
will probably be.desirable to- make: :artificial channels 
of two or three hundred-yards length, into such of which 
could be passed some of the burn water, together with the 
effluent which is to be tested. 


REPORT ON TAMDHU DISTILLERY FERTILIZER 


BY MESSRS. TATLOCK & “THOMPSON, 

ANALYTICAL AND CONSULTING CHEMISTS, 
GLASGOW. 

HANDED IN BY Mr. ROBERTSON. 
City Analyst’s and Gas Examiner’s Laboratory, 
156, Bath Street, Glasgow, 

25th November, 1904. 

Report on a sample of distillery fertilizer, representing 

this season’s make, manufactured at Tamdhu Distillery, 


drawn on the 15th inst., and received on the 16th inst., 
from Messrs. The Highland Distilleries Co., Ltd. 


An analysis gave :— ’ Per Cent. 
Phosphates - - - - - 12°28 
Potash - - - - LORIE 4°58 
Equal to Sulphate of Potash - 8°46 
Nitrogen - - - - - - 5°85 
Equal to Ammonia - - - : 7-10 
Moisture - - - - - : 2°20 


MINUTES OF EVIDENCE ¢ 


Phosphates immediately soluble in 


water . . - - - 4°60 
Phosphates soluble in Wagner’s citrate ~ 

solution - — - - ees 8-29" 
Potash immediately soluble in water - 3°14. - 
Nitrogen immediately soluble in water *42: 
Equal to Ammonia - . . - “OL 
Lime soluble in water - - - none 


These results show that this is a manure of uncommonly 
high quality in every respect. It is superior to ordinary 
compound manures in respect that it is not a mere mixture 
of the ingredients which it contains, but the latter are 
intimately associated, or combined together, in a way that 
cannot be attained in the case of a mixture. It is in 
excellent mechanical condition—that of a fine powder— 
and remains in this. state, suitable for sowing, even after. 
long storage in a damp situation. « .+-- | 


It will be seen that 37 per cent. of the total’ phosphate 
is immediately soluble in water, and the phosphate thus 
dissolved is in a much more readily assimilable condition 
than the soluble phosphates or bi-phosphate of lime which 
has been rendered soluble by the addition of acids as. 
always otherwise the case.:The water-soluble phosphate 
in this case consists of phosphate of potash, which agricul- 
turists agree is by far the:most desirable form in which: 
phosphoric acid can be introduced into the soil: or the 
plant. The reason of this is that- phosphate of potash 
is never rendered insoluble in. the soil, as acid-soluble 
phosphate always is, and the advantage will be obvious. 
It will be observed that in addition to the phosphate 
immediately soluble in water, there is a large proportion, 
amounting to 30 per cent. of the total phosphate, which 
is citrate-soluble, leaving 33 per cent. of the entire phos- 
phate in a minute state of division, but still superior in 
form to that which exists in bone meal or guano, and. 
equally available. ; ; 

With regard to the potash, the analysis shows that 
practically 70 per cent. of the total is immediately soluble 
in water, and itis notdesirable to havea larger proportion, 


provided the remainder is entirely available, which itis 


in this-case. It will also be observed that.7 per cent: of 
the total nitrogen is immediately soluble in water, and in 
this respect the fertilizer has an advantage over bones, 


fish manures, meat manures, and dried blood, which<do. 


not contain any nitrogen soluble in water. It is:almost: 
unnecessary to say that the whole of the nitrogen. in the 
fertilizer is available, the 7 per cent. representing merely 
what is instantaneously soluble in a limited quantity of 
water. Press ERLE 
As is well known, it is not desirable to have too large 
a proportion of any ingredient in a manure soluble in 
water, and this is well shown by the efficient although 
at first somewhat slow action of bone meal. Soluble’ 
salts, employed on account of the nitrogen or potash they 
contain, should not be used exclusively in any manure,’ 
as a considerable proportion of their value is’ frequently 
lost by their being washed ‘away before they can be ren- 
dered available-for plant nourishmenty.—. ~~ > 


- (Signed.) RB. R. Tattock & Toompson. 
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EIGHTY-THIRD DAY. 


Monday, 22nd January, 1906. 


Sir Micnart Foster, K.C.B., F.R.S. (In the Chair). 
Major General ConsTanTINE Puipprs Carey, C.B., R.E. 
Colonel T. W. Harvie, J.P., D.L. 





PRESENT, 


Sir Witt1aAM Ramsay, K.C.B., F.RB.S. 
Mr. W. H. Power, C.B., F.R.S. 


Mr. F. J. Wiis (Secretary) 


ALSO PRESENT, 


Mr. George McGowar 


Dr. A. C. Houston. 
Mr. G. B. KersHaw. 


| 





Mr. C. C. Frye. 
Mr, LittLEFIELD. 


Mr. J. EDWARD Wittcox, M.Inst.C.E., and Mr. Huan P. Rarkss, A.M.I.C.E., Civil Engineers, Westminster aud 
Birmingham, called in; and Examined 


25992. (Chairman.) You are Messrs. J. E. Willcox 
and Hugh P. Raikes, Members of the Institution of Civil 
Engineers, and you have had considerable experience of 
works for the treatment of sewage by artificial means ? 
—Yes (see also No. 26144). 

25993. I understand that you carried out the works 
for the treatment of the sewage of the borough of Hanley: 
and that you would prefer to speak first as to your ex- 
perience of those works ?—Yes (sez also No. 26144). 

25994. Perhaps, then, you would tell us briefly what 
is the general method adopted at Hanley for the treat- 
ment of the sewage ?—The old method was precipitation 
with lime and sulphate of iron, but this is being super- 
seded by the new scheme consisting in liquefying tanks 
and fine grade percolating filters. 

25995. Would you now give us some particulars as re- 
gards the conditions at Hanley ?—Yes. It will be con- 
venient to set them out under different heads, as follows : 

1. Population draining to the works—60,000. © 

2. System of Drainage.—About one quarter of 
the town is drained on the separate system, but in 
the remaining three-quarters, the sewers receive the 
bulk of the surface water. 

3. Infiltration of Subsoil Water.—The majority 

_ of the sewers being laid in dry subsoil, there is very 

little infiltration of subsoil water. 

4. Water Supply.—The water supply per head is 
25 gallons, which is supplied by the Potteries Water 
Company from wells in the new red sandstone forma- 


tion, 
Analysis of Water. 
- Total solids at 112° F. - - - - 147 
_ Free and saline ammonia - Gs "C014 
Organic Bs - - > Nil 
Nitric nitrogen” - - : - - 28 
‘ Combined chlorine - - - - ih 
Oxygen absorbed in 4 hours at 80° F. - Nil 
Hardness” - - - - - - 7-42 
Me after heating - - : - 4°90 
5. Character of Water.—The water is moderately 
soft. 


6. Drainage Area of Borough.—The whole of the 
borough, comprising an area of about 1,800 acres, 
, 4s sewered, and it is nearly all fully built up. 

7. Sanitary Arrangenents.—About 85 per cent. 
of the population use water closets, and the re- 
mainder pails or middens. 

8. Flow of Sewage.—The flow of sewage to the 
works is gauged continuously and registered by an 
automatic recorling instrument; the average dry 
weather flow per 24 hours being about 3,600,000 
gallons in summer and about 4,000,000 gallons in 
winter. 


The maximum dry weather flow is usually about 2 p.m. 
and is at the rate of 4,200,000 gallons per 24 hours in 
summer. 


6225—Ap. I, 


The minimum dry weather flow is usually about 2 a.m., Mr 
and is at the rate of 3,400,000 gallons per 24 hoursin  2dward 
summer. Willcox, 


The wet weather flow has exceeded a rate of 12,000,000 M.Inst.C. 2. 
gallons per 24 hours on thirty-one occasions in twelve Mr. Hugh 


; 5 P, Raikes, 
months for varying periods up to 3 hours. 4..M.1.C.E. 





25996. Are there any overflows on the sewers and, 
if so, can you give the maximum and minimum rates of 
flow in dry weather in the sewers on which the overflows 
are situated ?—This cannot be accurately determined at 
present, but storm overflows are now being reconstructed. 
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25997. What is the largest number of gallons of sewage 
which have reached the works in 24 hours ?—14,000,000 
gallons. 


25998. Can you say what is the volume of water in 
gallons represented by the average yearly rainfall on the 
drainage area ?—A rainfall of 23 inches over an area of 
1,800 acres equals 900 million gallons in one year, but the 
volume reaching the sewage works depends more upon 
the rate of rainfall, than upon the total quantity. 


25999. Can you give the Commission an approximate 
statement as to (a) the volume of sewage which reaches 
the works during the year, and (b) the volume which 
passes over the overflows ?—This information is not at 
present available, but is now being collected (see also No. 
26147). 


26000. You have said that there is practically no 
infiltration of subsoil water ?—Yes. 


26001. How many gallons of trade effluents enter the 
sewers daily (twenty-four hours), and what is the nature 
of these effluents ?—About 1,250,000 gallons per day, of 
mine water heavily charged with iron and 460,000 gallons 
of waste water from potteries, containing a large quantity 
of finely divided clay known locally as “slip” in sus 
pension ;_ there are also about 200,000 gallons from paper 
mills. 


26002. Has the Corporation made any rules regarding 
the reception of trade effluents into the sewers ?—No 
rules are in operation. 


26003. Is it found that the trade effluents interfere with 
the process of purification by reason of their quality, 
variations in composition, fluctuations of volume or 
otherwise ?—The trade waste does not interfere with the 
purification of the sewage, but the clay contained in it 
materially increases the quantity of sludge to be dealt 
with, and consequently the expense. 


26004. What is the average amount of suspended 
matter in the sewage in dry weather, and what are the 
highest and lowest figures, in parts per 100,000 ?—It 
varies from 55 to 70, the average being about 62. 


26005. What is the physical character of these solids ?— 
Average composition is about twenty-nine parts of organic 
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solids and thirty-three mineral solids, the organic solids 
being fairly constant; the variation is due to mineral 
matter. 


> 


MINUTES OF EVIDENCE : 


26006. Can you give us average analyses of the sewage 
for the years 1903 and 1904 in summer and in winter ?— 


Yes, the analyses are as follows :— 


In Parts PER 100,000. 

















Summer. 1903. 1904. 1905. 
Total solids - . - - - - : 184-6 182°3 174:7 
Chlorine - - - - . - - - 9°25 9:0 11°3 
Free ammonia - - - - - - 2-00 1°85 2-215 
Organic ammonia - - - - - - be ae "765 998 
Oxygen absorbed - - - - - - 3°733 3 650 4849 
Nitric nitrogen - ‘ : - : - Nil Nil Nil 

Winter. 
Total solids - - - - - - - || eeeAEST<00 198-10 1646 
Chlorine : : - - ‘ : - 7°5 9°60 10-4 
Free ammonia + Retsa melt ‘deg ones 1 42°03 2°409 2-032 
Organic ammonia - : - - - - ae 704 ‘932 920 
Oxygen absorbed — - - - - - - : 3°971 3976 5359 
Nitric nitrogen - - - - - - 0-125 Nil "04 


ee 
See also No. 26307. 


26007. Is it a “strong”? sewage, and, if so, what 
characterises its strength ?—The sewage is a little below 
average strength, the oxygen absorbed in four hours 
being 4°846 parts per 100,000 (see also No. 26148). 


26008. Does its strength vary very much from hour to 
hour, or on different days of the week, and, if so, do these 
variations affect the quality of the final effluent to a 
marked degree ?—It is very slightly weaker at 6.30 a.m. 
in organic ammonia, but this does not affect the final 

effluent. 


26009. How do you think “strength”? of sewage as 
affecting purification is best expressed or measured ?— 
By the amount of suspended matter and the oxygen 
absorbed figure (see also No. 26148). 


26010. Have you any information as to the bacterio- 
logical condition of the sewage in dry weather and in 
storm times ?—No. 


26011. Are there any chemical poisons in the sewage ?— 
No chemical poisons are known to exist in the sewage. 


| 26012. Is the sewage always alkaline ?—Yes. 


26013. Do you find that the amounts of suspended 
solids are increased or diminished in times of storm; 
and can you give the Commission the figures at the end of 
each hour during a storm of some hours’ duration ?— 
Yes. The amount is increased by road detritus and 
accumulations washed out of sewers, but we have no 
figures as to the quantity at the end of each hour during a 
storm. 


26014. How many years ago were the Hanley sewers 
laid, and do you know whether they have sunk much in 
places so as to allow solids to accumulate ?—The majority 
of the sewers have been laid since 1870, but although a 
considerable proportion are liable to mining subsidence, 
most of them have such good gradients that this does 
not cause solids to accumulate except in some of the 
main intercepting sewers, which are necessarily flatter. 


26015. What is the character of the liquid part of the 
Hanley sewage in storm times ?—The dissolved im- 
purities are believed to be reduced approximately in 
proportion to dilution with storm water, but no analyses 
are available, 


26016. In what way or ways do you think the sewage 
which comes to the works should be dealt with in storm 
times ? Perhaps I should amplify this question a little. 
The usual requirements of the Local Government Board 
are, I understand, that any increase in flow up to three 
times the normal dry weather rate should be fully dealt 
with by the ordinary complete plant, and that a certain 
number of additional dilutions—up to a total of six— 
should be treated on special storm filters. Do you think 
these are proper hear ae or do you think they 
should be modified in any way? It is, I believe, often 
found that the storm sewage which first comes down to 
th> works contains a largely increased amount of sus- 


pended solids, and I should like to know whether you 
consider that your ordinary (dry weather) plant is exposed. 
to damage in any way—as, e.g., rapid choking—by having 
to deal with this amount of storm sewage, and whether 
you think it would be better to adopt some other treat- 
ment. Although the storm sewage, including the sus- 
pended solids, is a very polluting liquid, possibly the 
liquid portion alone is not very polluting, and this suggests 
that settlement of all the sewage arriving at the works in 
time of storms in tanks for a few hours, after, possibly, 
the addition of chemicals, might perhaps be a better plan 
of treatment than passing a portion of it through the 
ordinary plant, and the balance through storm filters. 
Would such settlement alone be sufficient for the whole 
of the sewage arriving at the works in times of storm ?— 
The present requirements of the Local Government. 
Board in regard to the treatment of storm water involve a. 
large amount of unnecessary expense as works designed 
for treating a volume of sewage equal to three times 
the dry weather flow are usually quite sufficient to prevent 
any serious pollution of water courses, and if their capacity 
is calculated on the basis adopted by the Board they 
are quite capable of treating a volume up to six times the 
dry weather flow during storms for short periods when 
these occur, but as the polluting matter in storm sewage: 
chiefly consists of suspended solids, it would usually ke 
sufficient if these were removed by simple settlement im 
tanks or rapid straining through fine filters of shallow 
depth, but even during storms it is inadvisable to 
increase the ordinary.rate of working by more than. say, 
100 per cent. in tanks or bacteria beds provided for 
treating the dry weather flow in order to avoid permanent. 
loss of efficiency which might result from greater irregu- 
larity (see also Nos, 26148 and 26156). 

26017. What shape and size are the stornr overflows 
at Hanley ?—Storm overflows are designed to suit the: 
special conditions of each case, but they are usually 
rectangular in shape and large enough to discharge the 
whole quantity of sewage coming down the sewer in 
case this should become accidentally blocked. 

26018. Would it be possible to have a standard form 
of overflow, and how would you fix the point at which 
overflows should be allowed to come into operation ?— 
It would not be desirable to have a standard form of 
overflow owing to widely varying conditions, but in most 
cases overflows might come into operation when the 
flow exceeds three times the maximum dry weather flow 
which should, if possible, be ascertained by actual gaug- 
ings, or the maximum might be taken as double the 
average in the absence of reliable gaugings (see also 
No. 26160). 

26019. Do you think that the point at which storm 
overflows should come into operation should depend 
on the configuration of the land, e.g., whether it is hilly 
or flat, &c., and upon the character of the surface soil 
geologically ?—In determining any rules as to regulation 
of storm overflows it would not be practicable to take 
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the configuration or surface geology of the land as the 
only governing factor (see also No. 26163). 


26020. Should storm overflows be fixed or moveable ? 
—Storm overflows should be capable of adjustment in 
case the volume of sewage received by the sewers should 
for any reason be materially increased, but when cor- 
rectly adjusted they should be secured so that no 
alteration can be made by unauthorised persons (sze also 
No. 26168). 


26021. Do you think the number of dilutions at which 
storm sewage may properly be allowed to pass into a 
stream should be dependent upon the size and nature 
of the stream ?—Generally speaking, yes; but in the 
absence of very exceptional circumstances, no untreated 
storm sewage should overflow from sewers into any 
water course until the flow in the sewers exceels a rate 
equal to three times the maximum dry weather flow 
(see also No. 26295). 


26)22. What happens to the road water in the part 
of Hanley which is drained on the separate system ?— 
About one quarter of the town is drained on the separate 
system, and road water from this goes straight to stream, 
but in the remainder the sewers take road water. 


26023. Could you give us an analysis of a typical 
sample of your road water daring the early period of 
a storm ?—Tne road water has not been analysed, but 
this could be done. 


26024. Have you any information as to the bacterio- 
logical condition of the road water ?—No. 


26025. Do you consider that in certain circumstances 
this liquid should be purified ?—Surface water from paved 
spaces such as markets should certainly be purified, but 
ordinary street washings may usually be discharged 
without serious injury direct to natural water courses. 


26023. What are your views as to the comparative 
cost and advantages of the separate and combined systems 
of sewers ?—The separate system is usually the most 
costly in initial expenditure but by far the most satis- 
factory, and the cost of maintenance is usually less 
where road detritus is excluded from the sewers. As- 
suming, therefore, that road water need not be treated 
we should generally favour the separate system (see also 
No. 26303). 


26027. Is the Hanley sewage settled, and, if so, how ; 
i.e., by quiescent settlement or continuous settlement ; 
and what length of time does it stay in the tanks or 
take to pass through, as the case may be ?—At Hanley 
heavy minerals are removed by continuous settlement 
in detritus tanks through which the dry weather sewage 
passes in about 1} hours; but the proper capacity for 
detritus tanks depends upon the nature of the mineral 
to be removed and the velocity at which it is deposited. 
The following are analyses of crude sewage and detritus 
tank effluent :-— 


Dr. G. Rretw’s ANALYSES OF CRUDE SEWAGE AND DETRITUS 
TANK EFFLUENT IN PARTS PER 100,000. 





Ornde Sewage. Detritus Tank 








Effluent. 

Total solids : - 172°9 Eie2 
Solids in Suspension: | - 

Organic -  - 27°1 75 

Mineral - - 36°5 12°} 
Chlorine - - - Mes 10°2 
Free Ammonia - - 2°259 P22 
Albuminoid Ammonia 0:968 -480 
Oxygen absorbed in 4 

hours - : 4°846 2°638 





See also No. 26309. 


26028. Have you data to show what proportion of 
the suspended matter is settled in half an hour, one, two, 
three, four, five, six, twelve, and twenty-four hours, if 


the sewage is given quiescent settlement ?—In the case = Mr. J. 

of Hanley dry weather sewage, two-thirds of the sus- dward 
pended matter is deposited in detritus tanks in one hour, |W? lcow, 
and the quantity deposited is not appreciably increased MInst.C.B. ; 


by keeping the sewage in the tanks for more than three rf z mare 


hours. A.MI.C.E. 

26029. What time would be necessary tor you to gain 
a good tank liquor containing, say, no more than six or 
eight parts of suspended solids per 100,000 from your 
sewage (without the addition of chemicals), (1) by quies- 
cent settlement, (2) by continuous flow settlement ?— 
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_It is seldom possible to obtain this result by any form of 


settlement alone. 


26030. Do you prefer to use settlement tanks in series 
or in parallel?—Where slow velocity is required in 
order to deposit mineral matter sedimentation tanks 
should be worked in parallel rather than in series. 


26031. In the case of continuous flow tanks, do you 
think there is any advantage in the employment of 
baffling boards or walls 7—No. 


26032. How is the sludging of tanks done at the Hanley 
works, and what is the character of the sludge ? Does 
any nuisance attend the operation, and, if so, is it serious ? 
Is there means of storing sludge, or is it necessary to get 
rid of it as soon as it is removed from the tanks ?— 
Sludge is discharged from the tanks by gravitation and 
dealt with in filter presses, without nuisance, no storage 
being necessary beyond that of the tanks themselves. 


26033. Should the heavy (road detritus, &c.) portion 
of the suspended matter in sewage be removed as a first 
operation, or do you think it better and more economical 
to let everything settle in the tanks, and subsequently 
to screen the sludge ?—Where simple settling tanks are 
used without chemicals or septic action, the sludge 
consists chiefly of mineral matter and such tanks are 
considered only as a preliminary to precipitation or 
liquefying tanks. 


26034. What is the manurial value of sludge, and will 
farmers take it ?—Sludge has practically no manurial 
value and farmers will seldom take it. 


26035. Are there any chemical poisons in it 7—No. 


26036. Do you find any nuisance from the treatment 
of sewage in settlement tanks ?—No. 


26037. Have you had experience as to the chemical 
precipitation of sewage ?— Yes. 


26038. Have you any reason to think that sewage 
from which the solids have been removed by the aid of 
chemicals is less easily purified by subsequent filtration 
than sewage from which the solids have been removed 
by settlement or by passage through septic tanks ?— 
This is not a point on which we have made any extended 
investigation, but our observations rather tend to shew 
that a chemically treated liquor has a greater tendency 
to clog the land filters at Hanley (see also No. 26312). 


26039. Have you tried various chemicals? Can you 
give any comparative data on the practical value and 
cost of different precipitants for the preliminary treat- 
ment of sewage, stating whether you are referring to 
the precipitation of strong or of weak sewage ?—The 
most appropriate chemical for precipitation must depend 
on the composition of the sewage; except where this 
contains a very exceptional proportion of trade waste 
we think no chemicals are necessary, as we have found 
that equally good results can be obtained by septic 
tanks. Septic and precipitation tanks are in use site by 
side at Hanley and the septic effluent is the best, as it 
is free from lime, which tends to choke the filters. 


26040. What is the most effective way of adding 
chemicals ?—This depends upon the amount of chemical 
used, but thorough mixing is essential, either by passing 
through pumps, mechanical mixers, or other means. 


26041. What is the average analysis of the liquor from 
the Hanley precipitation tanks ? What length of time 
does the sewage remain in the tanks ?—The sewage 
remains in the tanks about twenty-four hours and the 
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average of tank effluent after precipitation with lime is 
as follows: 











Dr. Reid’s analysis of effluent from Precipitation 
tank, precipitant Sulphate of Iron and Lime. 

Parts per 100,000. 1904. 1905. 

“y In Solution - - | 87°6 79 0 

Solids In Suspension - - | 2°8 2°3 

Total - - - | 90°5 813 

Chlorine - - - - - - | 10-0 91 
Free Ammonia : - - - | 2°156 | 1656 
Albuminoid Ammonia ~— - - - | 0°304 | 0233 
Oxygen absorbed in 4 hours at 80° F.- | 1°640 | 0777 








26042. What is the character of the suspended matter 
in such liquor ?—Flocculent organic matter. 


26043. Do you find it necessary to add further chemi- 
cals to the sludge before it can be dealt with? If so, 
for what reasons, and what chemicals are used and how 
are they added ?—Yes, additional lime is required in 
order to counteract glutinous or greasy matter, which 
would clog the filter cloths in presses, but no additional 
chemical is necessary where pressing is not in operation. 
The lime is mixed by compressed air at Hanley, and 
added just before pressing. 


26044. What is the manurial value of the sludge 
obtained by the chemical precipitation of sewage at 
Hanley, and will farmers take it ?—Sludge has no 
manurial value beyond that of the lime used for pre- 
cipitating it, and, even when pressed, it is scarcely worth 
carriage, so farmers will not take it. 


26045. Does it contain any chemical poisons ?—No. 


26046. Do you find any nuisance from the treatment 
of sewage in chemical precipitation tanks? Have any 
complaints been made ?—No. 


26047. How should septic tanks be shaped ?—The 
best results have been obtained when the capacity equals 
the dry weather flow and the width is about one-third 
of length, but these proportions must depend largely 
on the capacity and the velocity which it is desired to 
secure. 


26048. Should septic tanks be divided into sections ? 
—It is desirable for the total tank capacity to be divided 
into two or more sections for convenience in emptying 
and cleaning, and in order to maintain a fairly uniform 
depth. The maximum capacity should seldom exceed 
500,000 gallons. Assuming that the most efficient 
depth for septic tanks is, say, six feet, the variation 
from this depth at each end is necessarily greater in 
very large tanks, owing to fall required'on floor for re- 
moving sludge by gravitation. 


26049. Should septic tanks be used in series or in 
parallel 2—They should be used in parallel in order to 
secure slow velocity. 





26050. Is a scum necessary or desirable ?—Scum 
is not necessary, but sometimes desirable for the purpose 
of preventing disturbance of the surface by wind. 


26051. Should a septic tank be closed in, and, if so, 
what advantages does a closed tank possess over an 
open one ?—Septic action is not improved by covering 
in, but the possibility of smell is reduced. 


26052. What do you consider the best arrangement 
for the “feed” and “draw-off” ?—The best arrange- 
ment for feed and draw-off consists in a weir extending 
the full width of the tank with scum boards extending 
say 2 feet below the surface of sewage in front of inlet 
and outlet. 


26053. At what rate is sewage, as a matter of custom , 
passed through the Hanley septic tanks ?—Sewag 
remains in tanks about twenty-four hours. 


26054. What is the most advantageous rate of flow 
through septic tanks, and what is the rate of flow at 
which quicker passage through the ‘tanks becomes, in 
your opinion, distinctly disadvantageous ?—Satisfactory 
results have always been cbtained where the capacity 
of the tanks equals twenty-four hours flow, so that a 
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larger capacity is unnecessary. A smaller capacity is 
foun1 to increase the suspended matter in effluent. 


26055. Is it possible to “ over-septicise” a sewage, 
and, if so, for what reasons, and how is the “ over-septicis- 
ing”’ brought about ?—If sewage is allowed to remain 
stagnant in’a tank it becomes stale or over septicised 
and is thereby rendered more difficult to purify. Dr. 
Reid’s analyses of filtered effluent at Hanley show that 
the organic ammonia and oxygen absorbed are increased 
when the sewage is over septicised. 


26056. What is the amount of digestion in your septic 
tanks, and how do you calculate this? How far do you 
find that the digestion is affected by the atmospheric 
temperature ?—About half the suspended matter enter- 
ing the tanks is digested or liquefied while the remainder 
accumulates, and although the activity of septic action 
sometimes appears to be temporarily increased by a 
rise in the temperature, this does not materially affect the 
composition of the tank effluent. The amount of diges- 
tion was calculated when a large septic tank at Hanley 
was emptied after a year’s work by measuring and com- 
paring the volume of sludge it contained with the sus- 
pended matter that had passed into the tank as shown 
by analysis and gaugings of crude sewage and effluent 
(see also Nos. 26169-26314). 


26057. Do you think a certain amount of sludge 
should be removed pericdically from septic tanks, or do 
you prefer to work them for a considerable period without 
cleaning and then remove all the sludge ?’—Septic tanks 
should be emptied and cleaned out when the amount 
of suspended matter in the effluent exceeds from 5-8 parts 
per 100,000, though their action should never be inter- 
fered with or disturbed when this can be avoided. 


26058. How often would you clean out the septic 
tank ?— This depends chiefly upon the amount of mineral 
or other indestructible matter; but many tanks are 
not emptied more than once a year. 


26059. How do you think the sludge should be taken 
out of the tank, and how should it be disposed of ?. Does 
any nuisance attend the operation ?—Sludge may be 
removed by gravitation, and can be buried or presse] 
without nuisance. 


26060. Do you find that the suspended solids coming 
away with the tank liquors tend to increase in amount 
towards the end of the pericd of working, i.e. as the 
time approaches for removing sludge from the tank 7— 
wee. 

26061. What amounts of suspended solids, stated 
in parts per 100,000, are contained in septic tank liquor 
at the commencement of the period of working the 
tank, 7.e., just after the tank has been cleaned ont, and 
at the end of period, 7.e., when the tank is thrown out 
of use for the purpose of cleaning out, and what is the ~ 
average amount ?—At Hanley we have found that septic 
tanks do not become efficient for at least three weeks, 
when the effluent turns black and contains about 5 
parts per 100,000 of suspended matter; and this is 
not appreciably increased after twelve months working. 


26062. Should any portion or the whole of the sewage 
which arrives at the outfall works in storm times be 
passed through the septic tanks ?—The rate of flow 
through septic tanks should be maintained as uniform as 
possible, as any material increase during storms is detri- 
mental to the septic action. 


26063. If storm sewage is passed through a septic 
tank does this cause an increase in the amount of sus- 
pended solids issuing from the tank ?—Yes (see also 
No. 26178). 


26064. May you amit storm sewage to your septic tank, 
to an extent which raises the ordinary level of the liquid, 
without serious detriment to the functions of the tank ?— 
This hag not been tried at Hanley; but if the velocity of 
flow is maintained uniform by throttling the outlet no 
harm is likely to result, but additional fall is required 
for extra depth of tank. ; 


26065. With certain automatic gear the level of the 
liguid in a septic tank fluctuates. Have you made any 
observations for the purpose-of determining whether such 
fluctuations disturb the proper working of the tank in any 
way, as, eg., by causing ap increasel amount of sus- 
pented solids to issue from the tank ?—No. 
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26066. Do you find that septic tank liquor is more 
easily treated on filters than settled sewage or than pre- 
cipitated sewage, assuming that in each case you have 
the same amount of suspended solids in the tank liquor ?— 
We have made no actual observations under these condi- 
tions. 


26067. Are the impurities in solution in sewage 
materially different from the impurities in solution in 
septic tank liquor ?—We have made no observations on 
this point. 

26068. Have you any data on the relative value of 
plain septic tanks and septic tanks filled with rough 
stones or flints ?—The effective capacity of a septic tank 
equals the amount of ;water that it is capable of holding, 
and this is reduced in proportion to the bulk of any other 
materials placed in it. 


26069. Do you find any nuisance from the treatment of 
sewage in septic tanks? Have any complaints been 
made ?—No. ; 


26070. Do you think it desirable that the suspended 
solids in sewage should be removed as far as practicable 
before sewage is filtered? If so, what do you consider 
a practicable limit to get down to ?—Yes, suspended 
solids in tank effluent discharged on to filters should not 
exceed about 5 parts per 100,000. 


26071. How do you consider the removal of suspended 
solids can best be effected 7?—With small detritus tanks 


followed by liquifying tanks. 


26072. Have you any experience of any mechanical 
device or any special tanks for freeing tank liquor of 
suspended matter before delivering it to filters ?—Tank 
effluent is sometimes strained through fine sand in 
mechanical filters, but it is difficult to deal with the foul 
washings from these when they are cleaned, and a properly 


designed tank usually gives good enough effluent without 


such straining, though the solid flocculent matter is 


sometimes deposited in distributing carriers or chambers 


before reaching the filters after its buoyancy has been 
reduced by the escape of air bubbles. 


26073. What other (if any) method of dealing with tank 
liquor before delivering it to filters do you regard as 
necessary or desirable ?—Septic tank effluent can be 
discharged direct on to filters, and although means are 
sometimes provided for facilitating aeration this does 
not appear to be necessary or advantageous. 


26074. What are your views as to the comparative 
cost and relative advantages of the various methods of 
settlement ?—Suspended solids can be more economically 
and efficiently dealt with by septic tank treatment than by 
settlement with or without chemicals, settlement without 


chemicals being inefficient, and settlement with chemicals . 
‘being more expensive owing to the cost of the chemicals 


and increased bulk of sludge. Precipitation is sometimes 
prejudicial to subsequent filtration, for the reason before 
stated, namely, that actual experience at Hanley shows 
that the filters become clogged with the excessive amount 
of lime in the precipitation tank liquor. 


26075. As regards contact beds, is it advisable to con- 
struct the whole or any part of the interior of building 
materials, or may you in some cases dispense with this 
entirely ?—All contact beds should be watertight, and 
this almost always necessitates masonry walls and floors ; 
and, in order to facilitate proper drainage and aeration, 


a smooth concrete floor is practically essential. 


26076. Do you find that within certain limits the depth 
of contact beds may vary without affecting their efficiency? 
Tf so, what limits do you think are permissible ?—Yes, 
but it is difficult to aerate contact beds more than 3 feet 
‘deep, and the cost of constructing them shallower is 
greater owing to the increased area of floor and length 
of underdrains required. 


26077. What do you consider is the most convenient 
size for a contact bed ?—Contact beds should not be so 


large that they take more than one hour to fill during 


the period of minimum dry weather flow, but in small 
schemes this can only be secured by the use of a measuring 
chamber in which the sewage is held up until a sufficient 
quantity has accumulated to fill one contact bed rapidly. 
- 26078. What do you find to be the best filtering 
materials ? What is the material (which can be had in 
practicable quantity) that, while efficient, is in your ex- 
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perience the least disintegrable in a contact bed ?-- 
Crushed saggers from the Potteries possess all the essential 
qualities of a good filtering material, being hard and proof 
against disintegration, but it is usually impracticable to 
use any but local materials owing to the cost of carriage, 
and either crushed blue bricks, clinker, granite, or flirts 
may be considered satisfactory (see also No. 26178). 
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26079. What size should the filtering material be, and 22 Jan. 1906, 


should it be graded in the beds ?—The best results are 
obtained with material that will pass a $-inch screen and 
be retained on a }-inch (see also No. 26182). 


26060. How should the bottom of the bed be con. 
structed ?—The bottom of the bed should be constructel 
of concrete having drains at intervals for carrying off the 
effluent. 

26081. Do you think it generally desirable that sewage 
should be subjected to some form of tank treatment 
before it is put on contact beds ?—Yes. 

26082. What periods of filling, standing full, emptying, 
and standing empty do you consider best in practical 
working for primary beds and secondary beds, respectively ? 
—Filling not more than one hour, standing full nil, empty- 
ing as quickly as possible, standing empty as long as 
possible, either in primary or secondary beds, very little 
purification taking place after the oxygen in the bed has 


, been absorbed. 


26083. How should contact beds be filled and emptied ? 
—aAs rapidly as possible. 

26084. What are your views as to automatic gear for 
filling and emptying contact beds ?—Automatic gear is a 
good substitute for manual labour on small works, but 
central control by an intelligent manager is far better, and 
where gear is used the cycle commonly depends on fluctua- 
tions in flow which is detrimental to results, but this is not 
necessarily the case with all kinds of gear. 


26085. What amount of tank liquor per cubic yard of 
filtering material can, in practice, be properly treated in a 
primary contact bed per twenty-four hours ?—About half 
the quantity which could be efficiently purified on per- 
colating filters of corresponding capacity. At Hanley and 
Manchester 200 gallons per cubic yard per day is too much 
for contact beds, but a uniformly good effluent has been 
obtained from percolating filters which have been working 
for 24 years at the rate of 400 gallons per cubic yard per 
day. Quality of tank effluent affects the amount which 
can be dealt with on contact beds but.no analytical figures 
are available (see also No. 26182). 


26086. What amount of liquid from a primary bed can 
in practice be properly treated on each cubic yard of filter- 
ing material of a secondary bed in twenty-four hours ?— 
Degree of purification is roughly in proportion to the rate 
of working, so the quantity of primary effluent treated on 
secondary beds must depend upon the amount of purifica- 
tion required. It is found by practical experience that 
this is so: and contact beds at Hanley are of little use if 
filled more than two or three times a day even with 
partially purified sewage. * 


26087. Can the quantities be increased by more frequent 
filling and emptying in times of storm, without impairing 
the efficiency of the beds or the quality of the effluents ?— 
No ; the quality of effluent will be adversely affected by 
accelerated working, since this involves a reduction of the 
period of rest allowed for «ration : but providing the bed is 
not clogged with solid matter, accelerated working for a 
short period does not necessarily affect the results after- 
wards when normal conditions are reverted to. 


26088. Is one contact sufficient for the auyeeine of- 


certain tank liquors into a satisfactory effluent ?—We 
cannot give any instances where single contact is sufficient 
to produce a satisfactory effluent. 


26089. At what rate or rates do primary and secondary 
contact beds lose their water-holding capacity ?—This 
depends upon the quantity of suspended or colloidal 
matter in the tank liquor and also on the size of 
the filtering media, as a bed filled with large lumps 
may not become clogged owing to the solid sus- 
pended matters passing through with the effluent. 
Experimental contact beds at Hanley have been 
working at the rate of about four fillings per day for two 
years, but they are now clogged and the effluent has always 
been very inferior to that produced from percolatir g filters 
working at the same rate per cubic yard of media. 
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26090. Is the loss of capacity in direct proportion to the 
volume treated and the amount of suspended solids con- 
tained in the liquid which is put into the bed, or to the 
fineness or coarseness of the material of the bed, or on what 
does it depend ?—Assuming that the filtering media does 
not disintegrate, any increase in the rate of working must 
either produce an inferior effluent or else tend to clog the 
bed with solid matter, though it is impossible to state 
whether one or the other is in direct proportien to the 
quantity treated. 

26091. Can the material of a clogged bed be washed, 
and, if so, how can this best be done, and at what cost per 
cubic yard ?—The filtering media can be mcst conveniently 
washed by means of a water jet with a good pressure which 
will flush out the solid matter from a moderately shallow 
bed, though where fine material is used for the surface this 
may require removal to a platform where it can be turned 
over while the jet plays upon it. The cost of removing, 
washing and returning the material should not exceed ls. 
per cubic yard, exclusive of water which may be replaced 
by filtered effluent (see also No. 26319). 


26092. How can the capacity of contact beds be best 
maintained ?—By selecting material that will not disin- 
tegrate, and working the beds at a uniform rate not ex- 
ceeding two fillings per day. ; 

26093. What is the average analyses of the single contact 
and the double contact effluent at Hanley ?—No analyses 
are available, but about half the impurity is usually re- 
moved by each contact, so that this is reduced by 75 per 
cent. with double contact. Percolating filters accomplish 
far more purification in one operation. 


26094. What number of gallons of liquid are treated 
daily per cubic yard of filtering material in the first bed at 
Hanley, and what number of gallons are treated daily per 
cubic yard of filtering material in the two beds ?—¥or the 
past twelve months, first and second contact beds have 
been filled four times a day, representing 225 gallons per 
cubic yard of filtering material in each bed, which equals 
1123 gallons per cubic yard calculated on the capacity of 
the two beds together. ; 


26095. Do you find any chemical poisons in the final 
effluent ?—No. 


26096. What is the amount of suspended matter in the 
primary bed effluent and the secondary bed effluent re- 
spectively ? Does most of this suspended matter come 
out in the first flush or not ?’—Figures are not available ; 


but most of the suspended matter comes out in the first 
flush. 


26097. To what extent does the organic matter of the 
suspended solids issuing in the effluent from a contact bed 
differ from the organic matter of the suspended solids 
going on to that bed ?—The chemical composition of 
suspended solids entering and leaving contact beds is 
practically the same. This is shown by Dr. Reid’s 
analyses. 


26098. Is the first fiush of effluent from either set of 
beds ever putrescible ?—The first flush of effluent is always 
putrescible from the first bed, and frequently from the 
second also, 


26099. Do you find that by increasing the number of 
fillings in storm times or other times, the amount of 
suspended solids is increased ?—Yes. 


26100. May contact beds in times of storm be used as 
streaming filters, without detriment to their customary 
efficiency ?—Contact beds converted into streaming filters, 
either temporarily or permanently, give improved effluents 
providing the sewage is efficiently distributed over the 
surface. 


26101. What was the cost of the contact bed installation 
at Hanley, and what amount of liquid is treated ordinarily 
and in storm times ?—The experimental contact beds at 
Hanley cost about £4,500 per acre, and have worked at a 
uniform rate of four fillings per day with double contact, 
the depth of each bed being three feet (see also No. 26184). 


26102. Have you made any experiments which throw 
light upon the action of contact beds when full and when 
resting ?—The results seem to show that very little purifi- 
cation takes place after air is expelled from contact beds by 
filling with sewage, most of the purification being accom- 
plished during the process of filling, avhile the solid matter 
in the bed is decomposed during the period of rst, when 
the bed becomes thoroughly «rated. 


EVIDENCE ; 


26103. Have you made a study of the conditions of 
#ration of contact beds ?—When a contact bed is emptied 
the interstices are charged with air, but no circulation can 
be observed during the period of rest. 


26104. Do you find any nuisance from the ireatment of 
sewage on contact beds? Have any complaints been 
made ?—No; 


25105. As regard continuous or percolating filters, 
what do you find are the best filtering materials, and what 
size should the material be ?—The best material is 
crushed saggers, this being a waste product in the Stafford- 
shire potteries, and the best size for this material is from a 
quarter of an inch to half an inch; but almost any hard 
material that will not disintegrate appears to answer the 
purpose and good results are being obtained from clinker, 
granite, gravel, slag, and blue brick, though the best size for 
different materials varies considerably, the object being 
to regulate the size of the interstices, rather than the 
lumps of material itself, so that a mixture of large and 
small lumps may produce the same effect as a uniformly 
smaller size. A uniform size is, however, more easily 
defined and regulated (see also No. 26184). 


26106. What depth should a percolating bed be to 
obtain a good effluent ?—Excellent results are obtained 
from septic tanks and filters five feet deep at Hanley, 
and an analvsis of samples of effluent taken at a depth 
of fourteen inches from the surface show 90 per cent. of 
purification measured by the reduction of albuminoid 
ammonia and 89 per cent. by oxygen absorbed. Reduc- 
tion in parts per 100,000—Albuminoid ammonia, -5 to 
‘05; oxygen absorbed, 2:6 to 0:3. The most efficient 
depth ean only be determined by actual experiments in 
each case (see also No. 26184). 


26107. Is it generally desirable that sewage should be 
subjected to some form of tank treatment before it is put 
on percolating filters ?—Yes, preliminary tank treat- 
ment is essential with fine grade filters. 


26108. Is the material better disposed in the form of 
two beds, to be fed in succession with the same liquid, or 
in one deep bed ?—Two shallow beds give better results 
than one deep one having the same capacity, owing to the 
greater facility for aeration. 
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26109. How should percolating filters be fed ?—By 
means of a distributor which will secure the uniform 
application of tank effluent in small doses at- regular 
intervals of time: best results have been obtained where 
one gallon is discharged on to each super yard of filter 
200 times in twenty-four hours, 7.e., one dose every seven 
minutes. 

26110. Do you think it best to put on the filter a fairly 
constant amount of liquid, or do you consider that the 
amount can be increased in times of storm without im- 
pairing the efficiency of the filter or the quality of the 


effluent ?—Increase in rate of working is temporarily | 


detrimental to results. 


26111. Is there any practical advantage in artificially 
heating the liquid which is being treated upon per- 
colating filters 7—No. 


26112. Have you had any experience to show whether 
open sides are an advantage to a percolating filter ?— 
Perforated walls may facilitate aeration near outside of 
bed, but no material advantage is derived from this in 
the average quality of effluent. The depth of filtering 
media being much less than the width of filter, there is 
less resistance to the passage of air vertically downwards 
with the sewage than to its lateral circulation from the 
sides, and a strong wind does not affect the quality of 
effluent where perforated or open jointed walls are used 
for large filters at Birmingham, Tutbury, Uttoxeter, ete. 
It is, however, of great importance that the under- 
‘drains should be ventilated at both ends. a 


26113. Have you made any study of the conditions of 
aeration of percolating filters 7—A fresh supply of air is 
drawn down into the bed of the filter after each dose of 
sewage is applied (see also No. 26234). 


26114. What do you consider is the most convenient 


superficial area for a percolating filter ?—The area is only * 


limited by the difficulty of constructing very large travel- 
ling distributors which cannot conveniently cover more 
than half an acre, but in order to provide for fluctuations 
in rate of flow the total area should be divided into a 
number of units, except in very small schemes. ‘ 
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26115. Do you wunk it desirable that the bottom of a 
percolating filter should be raised from the ground ?—No ; 
but underdrains should not be waterlogged. 


26116. Do percolating filters, in your experience , 
choke ?—Percolating beds do not choke if properly con- 
structed and properly managed. 


26117. Of what nature are the suspended solids in the 
filter effluent ?—The filtered effluent at Hanley contains no 
solid matter in suspension. 


26118. Have you any experience of, or any suggestions 
to make on, the settlement or other separation of the 
suspended solids issuing from a percolating filter ? and 
to what minimum figure do you think such settlement 
or other final treatment can be carried as a practical 
measure ?—If filter effluent contains suspended matter, 
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this should be removed by straining through sand before — yr, J, 
discharging into any watercourse. Edward 


oO 3h Villcox, 
26119. Do you find that the suspended solids in your PSs 


filter effluent vary much in amount from time to time, Mr. Hugh 
and if so, can you explain the causes of such variation ?— P. Raikes, 
No. A.M.1.C.E. 


26120. What was the cost of the percolating bed 99 Jan 1906. 
installation at Hanley, and how much liquid is treated 
per acre, per twenty-four hours, at ordinary times and in 
storm times ?—Percolating beds cost about £5,500 per 
acre, and about 1,000,000 gallons per day has been con- 
stantly and efficiently purified per acre for the past 
two and a half years at Hanley, the depth of the filter 
being five feet. The analyses of tank effluent applied to 
the filters and of fi ter effluent are as follows :— 






































Parts per 100,000. 
Tank effluent. Filter effluent. 
Solids in Solution - - - - - - - = ed 105°3 1120 
Solids in Suspension§ - - - oS0 3h - aoe 4°4 "4 
TOTAL - - - - - 109°7 112°4 
Chlorine > |. - Z we Fr TS - - = 8°7 8°5 
Free Ammonia - - Brae e = eee 2 ee 1°820 “081 
® ; 
Organic Ammonia - - - - - - - - - ‘270 "029 
Oxygen absorbed in 4 hours at 80°F. - - - - - L725 22 
Nitric Nitrogen - - ° - - - - ° - ‘09 1°75 
See also No. 26322, 


26121. Have you made any experiments which 
throw light on the action of percolating filters, with regard 
to the oxidation of the ammoniacal and organic matter 
in solution, and the organic matter in suspension ?—No. 


26122, Have you evidence to show that ammonium salts 
and organic substances in solution, not of a colloidal 
nature, pass rapidly through a percolating filter, or that 
they are first absorbed by the filtering material or by 
growths on that material, so that their passage through 
the filter is a very gradual one ?—No. 


26123. Have you observed the effects of changes of 
atmospheric temperature on the working of a percolating 
filter ?—Atmospheric temperature does not affect the 
working of percolating beds. 


26124. Have you found any trouble from vegetable 
growths in percolating filters ? 1fso, have you been able 
to form any opinion as tothe causes of these growthsand as 
to the way in which the growths can be prevented ?—No 
trouble has been experienced through vegetable growths, 
but experiments at Hanley show that such growths are 
more likely to occur on large sized material than with 
small size, in fact where large and small material were 
used in two portions of the same filter, the former became 
quite green while the latter was not affected (see also 
No. 26235). 

26125. Do you find any nuisance from the treatment 
of sewage on percolating filters? Have any complaints 
_ been made ?—No. 

26126. What are the relative advantages of percolating 
filters and contact beds ?—We have never succeeded in 
obtaining such good results with contact beds, as with 
percolating filters ; the former are more costly and less 
efficient. 

26127. Do you find that the chance of nuisance is any 
greater with one form of filter than with another ?— 
No ; but septic tank effluent will always cause a nuisance 
if exposed to the.air in sprays, and any solid matter accu- 
mulating on the surface ot the filter produces the same 
effect. 
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26128. Have you made any comparative observations 
which show how many gallons per cubic yard per 24 
hours of your tank liquor could be purified ona percolat- 
ing filter, and how many gallons per cubic yard on contact 
beds ?—Far better results have been obtained from 
percolating filters 14 inches deep, than with double con- 
tact beds 3 feet deep, when working at the same rate, the 
composition of tank effluent being the same in each case, 
namely, that given in answer to question No. 26120. 

26129. Could you express an opinion as to how the 
number of gallons would vary with variations in the 
strength of the tank liquor? On what figure or figures 
would you rely for defining the strength of tank liquor ?— 
The quantity treated per super yard may to some extent 
vary with the strength of the tank effluent, but not in 
direct proportion. There is not merely the actual water- 
logging which must be avoided, but the reduction of air 
space. That is to say, the more water you are putting on 
a filter the less air can it retain for purification purposes. 
The strength of tank effluent can best be defined by sus- 
spended matter and oxygen absorbed (see also No. 
26241). 

26130. What is your experience of storm water filters ? 
—Storm water filters which are only used occasionally 
do little more than remove solid matters in suspension by 
mechanical straining, ana for this purpose a fine shallow 
bed is better ana less costly than a coarse deep one (see 
also No. 26241). 


26131. What are practical methods tor disposing of 
sludges, t.e., sewage screenings, material from detritus 
tanks, and sludge from precipitation tanks, septic tanks, 
and sedimentation tanks ?—Screenings should be burnt 
or buried: in the case of inland towns, sludge from any 
kind of tanks can be conveniently disposed of by running 
it into channels excavated in the ground, where it can be 
immediately covered with soil if sufficient space is avail- 
able, the alternative being to remove the liquid by filter 
presses so that the comparatively dry cake may be allowed 
to accumulate without nuisance, or may in some cases be 
given away as manure. 


4U 


rr Mr. J. 

‘. | Edward 

| Willcox, 

M.Inst.C.E.; 
Mr. Hugh 
P. Raikes, 
AM.I.C.E. 





22 Jan. 1906. 





706 


26132. Are some methods of disposing of sludge more 
likely to cause nuisance than others ?—The old 
method of drying sludge on the surface of land is very 
liable to cause a nuisance, especially during hot weather. 

26133. What, in your opinion, constitutes a good effluent? 
—The filter effluent of which an analysis is given in 
answer to question No. 26120 is a good one, and no effluent 
which contains more than *05 parts and °*27 parts of 
albuminoid ammonia and oxygen absorbed, respectively, 
can be considered entirely satistactory, but a much lower 
standard is in many cases permissible. 

26134. Do you consider that the type cf effluent from 
a contact bed is superior or inferior to the type of effluent 
from a percolating filter ?—We have always obtained 
better results from percolating filters owing to more 
efficient aeration. 

26135. What test or tests do you chiefly rely upon in 
judging of the quality of an effluent, and tor what reasons ? 
—Oxygen absorbed is the most convenient test, and 
affords the best guide to the quality of effluent, as it is a 
direct index of organic impurity. 

26136. Is one standard for all effluents passing into 
non-potable streams possible and desirable, and, if so, 
what should it be ?—Different standards are required for 
different watersheds, but all m’ght have certain points in 
common, such as the absence of suspended matter and 
the amount of oxygen absorbed (see also Nos. 26248 and. 
26306). 

26137. What is your experience of the effect of storm 
water upon filters of various sorts ?—Treatment of large 
volumes of storm water-on filters is detrimental to their 
action, (a) temporarily owing to the filter becoming water- 
logged, (b) permanently by the accumulation of solids 
aid the disturbance of bacterial action. 


26138. How far do you consider it advisable for a 
Sewage installation to be worked automatically ?— 
Automatic apparatus can only be considered as an eco- 
nomical substitute for manual labour, intelligent super- 
vision being essential in either case, and the operation of 
large works should as far as possible be under the personal 
control of the manager, both as regards rate of working 
an 1 analysis of effluents, this being secured at Hanley by 
the arrangement proposed for the Hanley works now in 
course of construction. 


26139. Have you made any systematic observations 
a3 to the effect of effluents on streams ?—No. 


26140. What values do you attach to the different 
chemical tests in use in connection with sewages and 
effluents ?—The oxygen absorbed test is preferable to 
any other on account of its simplicity: the practical 
value of other tests appears to be very uncertain for 
purposes of comparison. 


26141. Are there any further points on which you would 
wish to speak at this stage ?—Since it is found that in 
order to obtain the best results from bacteria beds, it is 
of the utmost importance that their operation should be 
scientifically controlled by a skilled chemist, we have 
devoted special attention to devising a means whereby 
the control of the Hanley works should be centralised 
as far as possible, and should be pleased to submit and 
explain detail drawings showing the methods to be 
adopted for— 

(@) Measuring the total flow of sewage to be dealt 

with. 

(6) Recording the rate at which each filter works. 

(c) For starting and stopping the distributors, 

(d) Taking samples of filtered effluent for analysis. 
The apparatus being so designed that the whole of the 
above observations and samples may be taken by the 
managing chemist himself at any time during day or 
night without leaving the laboratory and without outside 
assistance, thereby eliminating the possibility of error 
owing to carelessnesss on the part of subordinates (see 
also No, 26252). 


26142. (Crairman.) The Commission'are much obliged, 
Mr. Willeox and Mr. Raikes, for the care you have taken 
in answering the many questions which have been put 
to you; the questions and the answers have been cir- 
culated to all the members of the Commission, so that I 
think we may take those at once as izead ?—(Mr. Willcox.) 
Very well, sir. ) 


26143. But I would ask you it you have anything that 
you would wish now to add, Supplementing any ques- 


MINUTES OF EVIDENCE ; 


tion or making any new statement—you can refer to the 
questions by number; you see we have them all ?— 
Quite so. (Mr. Ratkes.) We have marked a certain 
number of the answers, which seem to us to be capable 


of amplification, on which we might add something, and — 


with your permission we might perhaps go through those 
in order, if that would be satisfactory. 


26144. I think so ?—Well, sir, we might say, in regard 
to question 25992, we have confined our answers very 
largely to our observations at Hanley, but since 
our experience relates to a great many other 
places over the country, there are many of the answers 
which might need modification when taken generally, 
and it is for that reason that we should perhaps qualify 
what we have said in a few particulars. In 
regard to No. 25993, the wet weather rate of flow 
has exceeded a rate of 12,000,000 gallons over 
twenty-four hours on thirty-one occasions. Well, we 
mention that since it rather shows, that at any rate in the 
case of Hanley, the necessity for providing for the treat- 
ment of such a large volume as six times the dry weather 
flow is hardly apparent; that is the only reason. And 
in that case the 12,000,000 gallons represents over three 
times the dry weather flow, and that was only exceeded 
on twelve occasions for half an hour, on eleven occasions 
for one hour, and on eight occasions for periods from 
one hour to three hours; making thirty-one altogether. 


26145. Can you say by how much it was exceeded ?— 
The flow never reached more than 14,000,000 gallons, 
at which point the storm overflows would come into 
action, but until that point is reached the storm overs 
flows would not materially affect it. (Mr. Willcox.) 
That was during the year February, 1903, to Februar 
1904. 


26146. (Colonel Harding.) Then if not more than three 
volumes comes to the works at any time, clearly the 
storm overflows must come into action very early ?— 
(Mr. Raikes.) That would be so. ; 


26147. Your observation just now, it seemed to me, 
that there was no necessity to deal with more than 
three volumes, because not more than three volumes came 
to the works, scarcely applies if you allow three more, 
possibly ten more foul water to pass into the stream 
through the overflow ?—l am afraid I have not made 
that quite clear; what 1 meant was that although 
the overflows are so arranged that as much as four 
or rather more than four times the dry weather 
flow. can come to the outfall, we find that three 
times the dry weather flow is only reached* on about 
thirty occasions in the year. It would seem that pro- 
vision for more than three times is hardly necessary, as 
it would only be used on these thirty-one occasions. It is 
quite true that the storm overflows do come into action 
before six times is reached, but they do not come into 
action when three times isreached, so that as long as 
we are dealing with a figure which is below the limit 
of the storm overflows, the error due to their low 
fixing does not arise. And then in No. 25999, we have 
endeavoured to collect data from which we can give the 
actual number of days in the year when the average dry 
weather flow was exceeded by different percentages. 
Well, we very much regret that we have not been able 
to complete that information, because the measuring 
arrangements have had to be put out of operation for a 
short time during constructional work, but we shall be 
in a position to complete that information very shortly, 
and if the Commission wish it we could of course afford 
particulars when they are obtained, as we thought that 
that would be a reliable statement of what has actually 
occurred at Hanley. gees 


26148. You willbe able then, later on, to give figures ? 
—Yes, we can give those figures. 
we are asked, “Is it a ‘strong’ sewage, and if so, 
what characterises its strength? %2 We answer that 
‘* The sewage is a little below average strength, the oxygen 
absorbed in four hours being 4°846.2 We are aware 
that the sewage of Hanley is below the average strength, 
but still it is not so very far below it as to make the results 
altogether incapable of comparison with other places ; 
in fact, I might mention Longton, Fenton, Leek, 
Silverdale, Pelsall, and Burslem, as being places 
within our experience where the sewage is approximately 
of the same strength ; and then on No. 26009 we are 
asked, ‘‘ How do yow think strength of sewage as affecting 
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purification is best expressed or measured ?22 And we 
answer, ‘ By the amount of the suspended matter and the 
oxygen absorbed.”? That, we are aware, doesnot altogether 
agree with the opinions expressed by some other witnesses 
who have come before your Commission, but we answer 
if from a purely practical point of view, as being a test 
which appeals to an engineer ; we feel we can deal with 
it more conveniently in that way in practice, than 
by a more elaborate chemical test which generally neces- 
sitates the consideration of one figure together with 
another, and it is not so easy perhaps to form a conclusion 
in that way. At No. 26016 we are asked regarding the 
requirements of the Local Government Board—— 


26149. Question 26016 ?—Thatisso. We'do notwish 
to find fault with those requirements; but it might be 
worth mentioning as examples of the difficulty 
we have in persuading local authorities to comply 
with them, that we have in three specific instances 
been instructed to forward schemes ‘to\ the Local 
Government Board which we know will not 
comply with their regulations, because those authorities 
have instructed us that they cannot undertake to fulfil 
the full requirements,, and if the Local Government 
Board would not consent to the modified proposals 
that they submit they would no doubt endeavour to 
procrastinate as much as possible and put the scheme 
off ; in fact, that has already been done in one case for 
fifteen years, and in the other cases for very long 
periods, so that if the full requirements are insisted 
upon it will be found very difficult to carry out any 
scheme at all. 


26150. (Mr. Power.) What are you proposing in the 
particular instance of Hanley in this connection ?—At 
Hanley the scheme is designed to meet the ordinary 
requirements of the Board in regard to treating six times 
the dry weather flow, but there is no land for the filtered 
effluent. 


26151. Six times is the volume of sewage that can be 
brought down to the works ?—That is so ; the works are 
calculated on that basis for treating a volume of three 
times the estimated dry weather flow at a certain rate ; and 
again afurther volume of three times, making six in all, 
at an accelerated speed on separate filters. (Mr. Willcox.) 
The Local Government Board have asked the Hanley 
Corporation to double the area of sewage filters owing to 
their being no land upon which to discharge the filtered 
effluent; that means practically an increase of five acres 
to the Hanley filters, which at £5,500 an acre is a very 
considerable item. 

26152. To deal with the six times the dry weather 
flow by the complete process, do you mean; has the 
Board asked them that ?—Yes. 


26153. Are» you sure ?—Yes. (Mr. Raikes.) Our 
difficulty has rather been that we have not got any 
recognised standard submitted or stated by the Board 
at all, but so far as we have understood in our experience 
as to what they usually require, it is that, in the absence 
of any land for the final treatment of filtered effluent, 
the filters for treating three times the dry weather flow 
shall be doubled; thatis to say, if we treat 200 gallons per 
superficial yard of filters where there island, we must only 
treat 100 gallons per superficial yard when there is no 
land; the increased area of. filters treated thus 
involves an exceedingly heavy expense, and we 
submit that so far as we have been able to observe 
that extra expense is a waste of money. 


26154. But the balance between the three times the dry 
weather flow and the six is passed through a different 
filter to what the first three are at Hanley ?—That is a 
point we certainly wish to deal with if we might, 
because we are very much impressed with its im- 
portance. The Local Government Board do usually 
suggest, or at any rate approve, the proposal to 
provide storm water filters of an entirely different con- 
struction, a much cheaper construction, than the ordinary 
filters. Well, that is a principle which we do not in 
practice find to be beneficial, because the filters, if they are 
constructed, I may call it in an inferior way, are less 
efficient for that reason alone, and also if they are only 
used occasionally, when a storm happens to occur— 
possibly in the case of Hanley thirty times a year—we 
have very little bacterial life, and they act as little more 
than strainers, so it would seem to show that it would be 
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much better to have spent the money on an increased area 
of filters of the most efficient construction that could 
be used all the year round for treating the ordinary 
sewage, and in fact at Hanley we have a scheme which 
would enable us to equally divide whatever work there 
is to do between the whole of the filters that are 
provided. 


26155. And you would keep the filters in constant use ? 
—That is our intention, supposing out of six or 
eight filters, the average number in operation throughout 
the year would be four; sometimes six or eight wou!d be 
used ; at other times only four or two; but supposing 
the average number were four, instead of using four 
particular filters, we would prefer to use them in rotation, 
so that the whole would have an equal amount of work 
during the whole year; in that way no filter is 
over-worked, at the same time no filter suffers from 
want of work, which is equally detrimental. 


26156. The point is, you think you could effect your 
object with less filtering area than the board has sug- 
gested ?—We are quite confident of that, and have done 
8o in several instances. (Mr. Willcox.) We should have a 
larger area of filters dealing with sewage. 
Raikes.) That is so; instead of having two acres, of 
which only half would be in regular use, and the other 
half only occasionally used, we should prefer to have the 
two acres always in use; and when a storm occurred we 
could very easily deal with the extra flow by an accelerated 
rate of working. We wish to be quite clear about that. 
At the end of the same answer, No. 26016 
that is, we say that ‘“‘it is inadvisable to increase the 
ordinary rate of working by more than 100 per cent. in 
tanks or bacteria beds provided for treating the dry 
weather flow in order to avoid permanent loss of efficiency 
which might result from greater irregularity.”’ Of course, 
the 100 per cent. is a purely arbitrary figure ; we must 
draw the line somewhere, but we mean that if the filters 
are large enough to treat three times the dry weather 
flow, say on the Local Government Board’s usual basis, 
of 56 gallons per foot yard, there would be no serious or 
permanent injury resulting from doubling that rate 
for a short period during storms, although we 
are aware that there is a temporary injury from 
any increased rate. And in regard to that we have 
made a special experiment which bears out what I have 
just said, in which we increased the rate of flow through 
the tanks and filters at Hanley by 50 per cent. for forty- 
eight hours ; and the effect of that was that the suspended 
matter in the tank effluent wes increased from five to 
seven parts per 100,000 and the albuminoid ammonia 
in the filter effluent was increased from :06 to 095 parts 
per 100,000 ; so that in each case there was an increase 
of nearly 50 per cent., but those results would not be 
permanently injurious to the filter in our opinion. 


26157. It would not be detrimental to the filter ?—Not 
permanently; it is merely detrimental to the effluent fcr 
a short time. 


26158. (Chairman.) How long did it last ?—That war 
two days, forty-eight hours ; that was merely done with a 
view to showing that our proposal to deal with storm water 
by an accelerated rate of working does not seriously affect 
the filters, although it does slightly injure the effluent. 
(Mr. Willcox.) I think we ought to point out that in the 
three cases to which we allude the County authorities are 
supporting the Urban authorities in asking the Locel 
Government Board to accept the reduced area of filters ; 
that is to say that the area should not be doubled because 
land is not available on which to treat the filtered effluent, 
and that of course renders it extremely difficult for us. 


26159. (Major General Carey.) Is it not a new require- 
ment, the area of filter being doubled when there is no 
land ?—Yes, comparatively new. Tue fifty-six gallon basis 
has been taken hitherto, but where no land is available 
for the treatment of the filtered effluent, the Board now 
insists on the twenty-eight gallon basis for twice the dry 
weather flow in the case of separate systems and three 
times in the case of combined systems. (Mr. Raikes.) 
That requirement has been in operation for two years 
or more; this is one of three instances—I need not 
mention the name of the place, but it is a small 
place—where the expense is a great burden to the rate- 
payers, and they have successfully put it off for about ten 
years. We have prepared a scheme which was approved 
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by the Local Government Board, involving the treatment 
of the sewage on filters with treatment on clay land 
afterwards. After that scheme had been approved it was 
found impossible to acquire land at a reasonable cost, 
and for that reason, and also because the land was stiff 
clay and quite useless, the district council decided to esk 
the Local Government Board to withdraw that require- 
ment, and they now hear that the Board refuse to withdraw 
it. The scheme has been delayed three years in conse- 
quence of that requirement distinctly and for no other 
reason whatever, and I mention just as an instance of 
the difficulty that does arise that this requiremcnt necessi- 
tates levelling an acre of stiff clay land which could not 
possibly be of any use, and which would involve an 
unnecessary expense. 


26160. (Sir William Ramsay.) As regards the rainfall ; 
do you think the requirements could be met if taken 
on the average rainfall in different parts of the 
country; whch varies very much from place to place ; 
in dry places surely it would not be necessary to require 
storm overflows, whereas in other places it might 
be extremely necessary ?—We have made a note at the 
end of the evidence with which, perhaps, I might deal 


later, if that would be convenient to you, on that very 


point, because it involves a great many considerations, 
and we should not like to suggest any fixed standard which 
did not take the local conditions into account. In 26018 
we are asked, ‘‘ Would it be possible to have a standard 
form of overflow, and how would you fix the point at which 
overflows should be allowed to come into operation?” 
And we answer, “‘It would not be desirable to have a 
standard form of overflow owing to widely varying 
conditions, but in most cases overflows might come into 
operation when the flow exceeds three times the maximum 
dry weather flow which should, if possible, be ascertained by 
actual gaugings, or the maximum might be taken as about 
double the estimated average in the absence of reliable 
gaugings.” We say “maximum,” because that would to 
some extent allow for the difference in the conditions 
applicable to a hilly district and a flat district. It 
might quite easily happen that in one district a small storm 
would bring the overflows into action, whereas a larger 
storm in another district would not affect them at all; so 
we suggest a maximum, and we do not think it is practic- 
able to have a universal system of overflows or a stand- 
ard design exactly. The chief difficulty we have found in 
designing them is that if we restrict the flow of sewage 
to go to the outfall by any form of orifice or of valve 
or size of pipe, we can only do so by regulating the head 
or pressure that may come upon that orifice, and if that 
is done by an ordinary weir overflow above it, a very 
sensible error arises on account of the crest depth or the 
depth above the top of that weir which there is during 
a storm, and we have prepared a cartoon which we might 
have an opportunity of showing your Commission, illus- 
trating a method of getting over that difficulty by using 
a syphon, which has the effect of utilising the head, after 
the water has fallen over the weir, in the form of suction, 
so that directly the overHow begins to come into action 
it has its full discharging capacity available; that we 
could make clear later. 


26161. (Chairman.) Have you the cartoon with you ? 
—We have the cartoon with us; Would you prefer to see 


‘it later or put it on the table now. 


26162. I think we might see it now ; if you could hold 
it vertically I think we could see it better ?—You see this 
is intended to indicate the perspective view of a manhole ; 
it is only for the purpose of explanation, it is not accurate 
to scale; that is an egg-shaped sewer, and the desired 
discharge is obtained by an orifice when the water 
stands at that level. 


26163. Which way is the flow ?—In this direction, this 
way (indicating), and we have at some point further down 
the sewer a fixed orifice or penstock which is capable of 
adjustment to discharge the exact quantity required 
at the outfall works, and we wish, if possible, to make 
this overflow discharge the whole surplus without in- 
creasing the head on the orifice or penstock, so we cover 
the top of the sewer with a kind of hood which forms 
part of the inlet of the syphon, and that is enclosed with 
a side plate down to that point, and directly the water rises 
to the level of the syphon or tothe level of the overflow 
weir it runs over the top here and dropping down 
through this leg of the syphon carries some of the air 
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with it, shown with bubbles here. and escapes at the out- 
let end, thereby creating a partial vacuum here, and as 
that relieves the pressure on the surface of this water, the 
overflow would at once come into act‘on with three or 
four inches depth of discharge over that weir without any 
corresponding increase in the height of the water in the 
sewer itself. Of course, it is quite clear that if the quan- 
tity of sewage in excess of the quantity going to the out- 
fall was only small, this overflow would come into action 
intermittently, running for a minute or two, and then 
perhaps a large bubble of air would come in and stop 
it; but it would be quite automatic, and we have no 
doubt that by using that suction on the syphon 
system there would be an advantage in overcom’ng the 
great difficulty that everybody has found in restricting 
the head on an orifice. The reason why we should wish 
to fix the head on the orifice is that the discharge can 
only be made uniform by that means, because supposing 
an orifice is calculated to discharge six times the dry 
weather flow with a head of six inches, if we get nine 
inches of head the discharge is increased, and this 
introduces a very large error. In 26019, I do not know 
that it is necessary for me to read the question and 
answer—— 


26164. No, if you give the number of the question ?— 
‘In determining the rules as to regulating storm overflows 
it would not be practicable to take the configuration or 
surface geology of the land as the only governing factor.” 
Well, it would perhaps be practicable to take it into con- 
sideration, but what we mean by that answer is that a 
standard could not be made proportionate to that alone. 


26165-7. Could not be determined by the land ?—No3;. 


there are many important considerations besides that. 


26168. (Mr. Power.) Do you not mean that each over- 
flow should be fixed on its own merits ?—That is abso- 
lutely our opinion, Sir ; and in the next question 26020 we 
say “ Storm overflows should be capable of adjustment in 
case the volume of sewage received by the sewers should 
for any reason be materially increased, but when correctly 
adjusted they should ke so secured that no alteration 
can be made by unauthorised persons.” The Local 
Government Board have expressed a very strong pre- 
ference for an absolutely fixed overflow, and we have 
consequently been compelled to adopt that system in 
many cases, but we are of opinion that it is not a convenient 
system, and really if anyone were determined to evade 
their requirements by altering the overflow there would ke 
very little more difficulty in doing it if it were fixed than if it 
were adjustable; it is a fact we can much more readily 
regulate the discharge to the outfall works by a penstock 
valve than by the height of a fixed weir alone, because it 
sometimes means that the weir has only to ke sometimes 
two or three inches above the bottom of the pipe which it 
governs. y 


26169. (Chairman.) What is your next point ?—The 
next point was, Sir, on question 26056. 


26170. The digestion in the septic tank ?—That is the 
one, Sir; we have very carefully tested the amount of 
digestion that takes place and we find that it is 50 per cent. 
of the solids brought into the tank at Hanley, but that 
is less than the experience at some other places, we 
have cases where tanks have been in operation for several 
years and have not been cleaned out. 


26171. What is the time required for the digestion ?— 
The tanks hold twenty-four hours’ flow so that the sewage is 
in the tanks for twenty-four hours, and we calculated that, 
assuming the suspended solids remaining in the tanks equal 
twenty-eight parts per 100,000, that is the actual quantity 
or 19-6 grains per gallon, that equals 50 per cent. of the 
solids in the sewage. 


26172. (Mr. Power.) Was it never subjected to a greater 
rapidity than one day’s flow ?—No, except for the 
purpose of the experiment which I mentioned a little 
while ago; we did try it then but we think the slightly 
increased quantity of suspended matter which comes in 
the effluent when the rate of flow is increased is not very 
serious ; we have not done that in practice hitherto. 
That is perhaps important, since we say that 50 per cent. 
of the total of solids are deposited. That seems a large pro- 
portion, but it is to a large extent accounted for | y the 
fact that we get a cons ‘derable quantity of finely divided 
clay from the pottery works at Hanley, which is all mineral 
matter and is therefore all deposited, so that it is perhaps 
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rather exceptional in that respect and if that finely divided 
clay or slip, as it is commonly called, were not contained 
im the sewage we should get a much larger proportion 
of digestion. 


26173 (Chairman.) Your digestion of 50 per cent. is with 
the presence of all that quantity of insolutle mineral 
matter ?—That is so, Sir. 


26174. What is the proportion of that to the total solids 
have you any idea ?—I am afraid we could not give it 
accurately ; we only know the amount of digestion and the 
amount of matter that is deposited altogether. 


26175. It is very considerable ?—It is very considerak le, 
yes. 

26176. (The Secretary.) What is the numter of the 
question ?—26056. 

26177. (Chairman.) The number is not given in the 
answer to that question ?—No, that was a supplementary 
note that we thought would be interesting to you. We 
should hope to have an opportunity of em odying a good 
deal of those supplementary notes later. 


26178. 1 think the Commission would think it desirable 
that the witnesses should embody the additions they are 
making now into the answers when they are finally 
printed ?—Thank you, Sir. I might say that the answers 
were of course made to the questions sent to us, and there- 
fore we were to some extent restricted in the answers, 
And at number 26063 the question is referred to 
again as to the effect of increasing the rate of 
flow which I answered in connection with 26016. 
26078 is the next one, as to the best kind of 
filtering media. We find that crushed saggars which 
are used at Hanley possess all the qualities of a good 
filtering material, being hard, and proof against disinte- 
gration; but it is usually impracticable to use any but 
local materials owing to the cost of carriage ; 
crushed blue bricks, clinker, or granite may be con- 
sidered satisfactory. We only mention that particularly 
hecause we have been impressed by experience with the 
fact that the cost of constructing these bacteria beds is 
far more affected by the price of the filtering media than 
anything else, thoug much is often said about the cost of 
walls or the absence of walls, but that is really 
immaterial, when perhaps 6d. a yard can be saved in the 
cost of the filtering media, and carriage is the factor that 
governs it, tog kag ee oat “8 

26179. What are saggars ?—They consist of the waste 
pots that are very roughly formed and used to contain 
‘the finer pottery when it is burned, and they are for that 
‘purpose put into the furnaces and subjected to a very 
‘intense heat, and after they have been used a few times 
ithey crack and become useless and a waste product in 
‘the district, so that they can be obtained for a small sum, 
and when crushed and screened they form admirable 
material for this purpose, but although we have used it 
‘extensively in the potteries in Hanley and in Newcastle 
and other places, the cost of conveying it to other parts 
of the country might put it at a disadvantage when com- 
pared with other material. 


26180. What is the usual form of the fragments ?— 
It is similar to a broken stoneware pipe. (Mr. Willcoz.) 
Without the glaze. (Mr. Raikes.) It is very irregular 
in form, but it does not tend to flake off in thin 
pieces; I think a sample of the material was sent 
to Dr. McGowan after the visit the Commission paid to 
Hanley. I dare say he has studied its peculiarities. 


26181. Is the surface smooth or rough ?—The 
surface is rough, very rough, although it is not so hard 
as to involve great expense in crushing ; it is not inclined 
to disintegrate or break down because we have had filters 
there in constant operation treating 1,000,000 gallons 
per day per acre for two and a-half years, and they are 
now more efficient than ever they have been. (Mr. 
Willcox.) I also ought to say it breaks cubically. 


26182. That is the meaning of my question,—cubi- 
vally ?—Yes. (Mr. Raikes.) In question 26079, “ What 
size should the filtering material be, and should it be 
graded in the beds?” And we answer, ‘The best 
results are obtained with material that will pass a half 
inch screen,”’—and there we were rather endeavouring 
to suggest a size that would be generally applicable to 
different kinds of material; but we prefer to alter that 
and say from half inch to quarter inch for saggars, because 
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it is different tor some kinds of material, the object Mr. J. 
being not so much to fix the sizeof the material itself Zdward 
as the size of the interstices between the material, , W#/cow, — 

; : M.Inst.C.k. ; 
and that may frequently be obtained by using a large Mr. Hugh 
size and a small size mixed together, it is the size of the p’ Raikes, 
interstices we wish to govern, although the practical 4.MI.C.E. 
method of securing that result is generally by fixing the size 
of the material. And we are also asked whether the material 22 Jan. 1906. 
should be graded in the beds; we should always recom- 
mend that having determined the best size for any par- 
ticular material, the bulk of the bed should be made of 
that size; many beds are constructed of the right size, 
perhaps for six inches in depth at the top and then it is 
made much larger below, and the remaining depth appears 
to be very inefficient. Then 26085—“‘ What amount 
of tank liquor per cubic yard of filtering material can, in 
practice, be properly treated in a primary contact bed 
per twenty-four hours.” We have never been able to 
obtain satisfactory results, or such satisfactory results 
with contact beds as with percolating filters, and at 
Hanley we found that contact beds treating 200 gallons 
per cubic yard per day were clogged very soon, that was 
too much for them; but percolating filters have been 
treating more than double that quantity for two and 
a-half years without clogging. 








26183. (Mr. Power.) Are the contact teJs and pre- 
colating filters fitted with the same size of material 
—one inch to half an inch ?—Approximately with 
the same size material; in the one case it was clinker 
and in the other case it was saggar, but the amount of 
clogging was so vastly different that it showed at once 
that the advantage was altogether in favour of the per- 
colating filter. ‘ 


26184. The percolating was the clinker I suppose ?— 
No, the percolating was the saggar. And we might qualify 
the answer to question 26101, where we gave £4,500 per 
acre as the cost of contact beds. That is correct for Hanley, 
but there the cost was reduced by using clinker from the 
destructor close by, and the works were of a temporary 
character, and therefore not so substantial as they usually 
would require to be, so that that figure should not be taken 
as representative of the usual cost. Question 2610&— 
T think, perhaps, I might read that answer, as it makes 
the answer I just gave rather clearer. “The best 
material is crushed saggars, this being a waste product 
in the Staffordshire potteries; and the best size for this 
material is from a quarter of an inch to half an inch. But 
almost any hard material that will not disintegrate appears 
to answer the purpose, and good results are being obtained 
from clinker, granite, gravel, slag, and blue brick,though 
the best size for different materials varies considerably, 
the object being to regulate the size of the interstices 
rather than the lumys of material itself, so that a mixture 
of large and small lumps may produce the same effects 
as a uniformly smaller size. A uniform size is, however, 
more easily defined and regulated.’ And the next 
question we have is imrortant, No. 26106. ‘The answer 
we gave is—“ Excellent results are obtained from septic 
tanks and filters five feet deep at Hanley, and an analys's 
of samples of effluent taken at a depth of fourteen inchcs 
from the surface show 90 per cent. of purification, measured 
by the reduction of albumenoid ammonia, and 89 per 
cent. by oxygen absorbed.”’ That we consider a remark- 
able result, and one which tends to show that the perfec- 
tion of distribution which we have secured at Hanley does 
have an important effect upon the results. We have there 
been able to efficiently treat two hundred gallons per 
superficial yard, one foot deep, with a good effluent, which 
is the same thing as six hundred gallons per cubi: yard, 
which is far more than we have been able to treat elsc- 
where under similar conditions, Lut with less perfect 
distribution. And we have, Sir, some photographs of the 
method of distriLution, which, perhaps, you might like us 
to show, especially to the Commissioners who did not 
visit those works (photograph produc:d). 


26185. (Sir, William Ramsay.) I should like to ask, 
is there a plentiful supply of saggars ?—There is so far a 
plentiful supply of them. Since the Hanley works showed 
the saggar to be so successful we have recommended it 
to three other places, and we think the demand is equel 
to the supply now. (Mr. Willcox.) When we first started 
we charged 6d. a load to the manufacturers to tip them on 
the works. We now have to pay about 2s. 9d. a load for 
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it. (Mr. Raikes.) Even at that price it is better than any- 
thing else we can get locally. 
. 26186. (Chairman.) It is limited, of course, in that 
* respect ?—(Mr. Willcox.) It is limited, but at the present 
time the pottery towns of Burslem, Longton, Fenton, 


A.M.1.C.E. Newcastle, and Hanley are all using saggars, as well as 





several villages round, therefore there is a great demand 


22 Jan. 1906. at the present moment, whereas they have been accus- 





tomed to make spoil banks of it. 


26187. (Sir William Ramsay.) Of course this demand 

will fall off, because when the contact beds have been made 
they will not want renewing ?—No, that is true; the 
demand may fall off and probably will, and were it not 
for the question of freight no doubt it would be largely 
used all over the country, because at 2s. 9d. a yard for 
raw material it is cheaper than almost any other 
material you can obtain. If you got prepared clinker 
it would be far more expensive—5s. or 6s. a yard. As 
to the freight, we have enquired the price of the freight 
from the potteries to Stratford-on-Avon for the purpose 
of the works there, and the very lowest was 7s. or 8s., 
whereas we are getting other material, that is clinker, at 
about 6s. 6d. or 7s. (Mr, Raikes.) I thought possibly 
you might like us to show a diagram of the distributor 
at Hanley, which would explain its working. (Diagram 
exhibited.) That is just a perspective view of one of the 
filters, showing how the filter is supplied with sewage bya 
central carrier or iron trough, and the distributor consists 
of a pipe extending the full width of the filter, which is 
fed by means of syphons from that trough, and is drawn 
backwards and forwards from end to end of the filter by 
a wire rope driven by an electric motor, and the sewage 
flows along that pipe and escapes through a number of 
small nozzles or jets over the whole width of the filter, 
the effect being that each superficial yard of filter treats 
200 gallons per twenty-four hours, and has a dose of one 
gallon every seven minutes 200 times a day. And we 
find by that means that the sewage falling on the filter 
acts in the same way as the piston of a pump in drawing 
down the air in the interstices of the filter each time, and 
although it only takes a very few minutes to pass through 
the filter we have, as already stated, got 90 per cent. of 
purification fourteen inches from the surface, and that is 
we think largely due to having sufficient time for aeration 
between each dose. 


26188. (Chairman.) What is the interval of time 
between the moment when the tube has passed the line 
once and then returned to it ?—Seven minutes. 


26189. (Mr. Power.) The depth of the filter is five feet ? 
—The depth of the filter altogether is five feet, but samples 
have been taken at depths of one foot, two feet, and three 
feet from the surface ; and we find, in fact, that the amount 
of purification is so great in the first foot that very little 
remains to be done in the other four feet. 


26190. (Colonel Harding.) On that point I should like to 
ask you. You have told us that at a depth of fourteen 
inches you were able to obtain a sample which showed 
90 per cent of purification. How was the sample ob- 
tained ?—It was taken in one of the effluent chambers 
or inspection chambers in the filter, and through 
the wall of that chamber a pipe was put in connected 
on the other side—that is in the filtering media—with an 
iron trough which extended for some distance under 
the surface of the filtering media; so that sewage 
falling down from the surface can get into that trough, 
and can be drawn off by means of a tap or pipe con- 
nected with the trough. It is really a trough buried in 
the filtering material. 


26191. And might not that trough have contained 
the liquid which you analysed for a long period ?—Oh no, 
that is not so; it is running continuously; the tap is 
never closed for Jong. 

26192. Are you satisfied that the sample you took was 
a fair sample of what was passing through the filter at 
that depth ?—We are absolutely certain of that; ‘we 
have fully satisfied ourselves. 

26913. You have told us that you have had an analysis 
taken at different depths ?—Yes, 

26194. Well, at the same time that you took a sample 
at different depths, did you also take sample of the 
result of passing it through the whole depth of five feet ?— 
Yes, 
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26195. Then what was the difference between the two ; 
the one was ninety ; what was the other ?—I have not got 
the others worked out in percentages, but it would only be 
one or two per cent more. 

26196. Does it not strike you, if fourteen inches give 
99 per cent, it is scarcely necessary to go to the cost of 
more ?—That is the conclusion. pm 

26197. Do you suggest to us that a depth of fourteen 
inches is sufficient ?—No, sir, we do not suggest that as a 
general rule, but had we got the experiences we have 
now when these works were originally designed, we should 
probably have been able to persuade the Local Govern- 
ment Board to accept less than five feet deep. But we 
had not got it, so we could not persuade them. Thovgh 
we got this result at Hanley, it does not necessarily follow 
that the same depth will do at other places ; but we merely 
mention it as illustrating the point we consider of the 
utmost importance, that the amount of work done in a 
filter is very much greater in the surface layers than in 
the layers below the surface. 

26198. This is a matter of very great interest. Can 
you tell us on what number of analyses your opinion is 
based ?—I cannot give you the number. All these 
analyses were made by Dr. Reid, but they have been very 
considerable in number. I think they have been taken 
every week for the last six or eight months. 

26199. At different depths ?—At different depths. I 
could in a very few moments make youasketch showing 
how that is arranged. 


26200. It will suffice if you give us the opinion that the 
result of the work that is done at fourteen inches is based 
upon large observation ?—That is undoubtedly so. 


26201. And that is an opinion you are prepared to 
stand by ?—Absolutely. 


26202. And possibly while you might not recommend 
that a filter should be reduced to fourteen inches, you 
would be prepared to recommend that it should be 
reduced considerably below five feet ?—It seems to 
indicate to us that the present Local Government Board 
standard, if it might be called a standard, which is calcu- 
lated on cubic capacity alone, is not good, because very 
often a filter may be made six feet deep, and it would do 
no more work than if it were half that depth, although it 
might cost twice as much. (Mr. Willcox.) You quite 
understand of course that these experiments are on the 
filters fed by this distributor, and it is very largely a 
question of uniform distribution. (Mr. Raikes.) As 
the result of our practical experience, we would be the 
last people to suggest a general conclusion from a particu- 
lar instance, but we do find this is a good example of what 
we have often suggested. 


26203. But there is another point besides the one men- 
tioned, that the material used in this case is very fine ?— 
Yes. 


26204. Yours are saggars ?—Yes, andno large particles, 


26205. You have no practical experience of the working 
of a filter of not much more than a foot, or considerably 
less than five feet ?—We have not. We have for a long 
time been anxious to try the experiment, but since the 
Local Government Board insisted that the capacity of the 
filters should be based on tkeir cubic contents, the cost 
would be prohibitive if we were to arrange 1,000 cubic 
yards in filters one foot deep. They would probably cost 
very much more than if they were arranged in filters 
five feet deep. (Mr. Willcox.) As a matter of fact we are 


putting down four high level filters and two low level | 


filters for dealing with the whole of the sewage at 
Kenilworth. These are two feet and two feet nine 
inches respectively, so, in the course of a month or two, 
we sha'l have results from that. 


26206. And these are percolating filters?7—There are 


percolating filters. 


26207. With saggar material ?—No, granite and rotary 
distributors. 
distributors which are being put down at Hanley differ in 
some respects from the old ones. In these filters you see 
the water, instead of passing in jets over the bed, is 
discharged in a continuous film the whole width of the 
bed. 


26208. I was going to ask you a question on that. I 
think you have given the information I wanted to get at) 


I think we should point out that the new — 
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Have you not found the holes liable to stop.and cause 
much trouble ?—No, by adopting this method we are 
able to use large holes, and yet have good distribution. 


26209. I understand in that improved distributor you 
still have holes ?—Yes, but larger holes than formerly. 


26210. They are larger holes ?—They are larger holes, 
but the tank effluent which is passing through the hole 
is discharged on the bed in the form of a film. 


26211. (Chairman.) What is the distance between the 
holes ?—Five inches I think it is. 


26212. You get a continuous film with that ?—Yes. 


26213. (Colonel Harding.) The streams from the larger 
holes impinge upon a plate, which then causes it to dis- 
tribute itself ?—In fan shape like that, (Mr. Raikes.) So 
instead of endeavouring to get that even distribution by 
putting the holes nearer together and having very small 
holes, we are able to do it by having the larger jets five 
inches apart. 


26214. What is the diameter of these larger jets ?—. 
It is three-fourths or five-eighths of an inch. (Mr. 
Willcox.) It is five-eighths|; it has been the result of 
experiment. (Mr. Raikes’ explaining diagram.) That 
shows the central section of the feed trough, and the 
syphons by which the sewage is drawn out of it into this 
travelling distributor; and these are small pipes or jets 
through which the water escapes in the original design. 
But we have now arranged them so that the jets come out 
like this, and each jet simply impinges on a smal: iron 
_ plate attached to the bottom, and that has the effect of 
making them form small fans, and then the fans just 
meet each other, so the sewage falls on the filter in a very 
thin film over the whole width, and it moves gently back- 
wards and forwards covering the same area every seven 
minutes. 


26215. Have you found that an advantage over the 
system in which the sewage passed over a lip, in operation 
at Hanley at the time of our visit ?—( Mr. Willcox.) It 
is an advantage to this extent; we are able to use 
rectangular distributors instead of circular ones, and 
therefore a less area is occupied. The Scott-Moncrieff 
distributor was driven by means of an oil engine, which 
weighed itself six or eight tons. 


26216. The special point I was on was, that in the Scott- 
Moncrieff filter the distribution was not through holes. 
That applies equally to the rectangular system as to the 
circular 7—Yes. 


26217. I am not suggesting that the feeding over a 
lip is better ; I am merely asking you whether you have 
concluded that this splashing arrangement is better than a 
flow over a lip ?—(Mr. Raikes.) We had come to that 
conclusion ; not so much because the splashing has any 
advantage in itself, but because it is more easily accom- 
plished, for the reason that with a trough we cannot use 
the whole available head without carrying an immense 
volume of water, which means a great weight, whereas 
with closed pipes and jets we are able to work them 
under pressure, and with a comparatively small pipe we 
can discharge a very much larger quantity by this 

‘Spraying action, and although spraying in the ordinary 
sense, where the sewage is thrown up into the air, is 
likely to cause a nuisance with a septic tank effluent, 
we find that with this form of jet the sewage is only 
discharged about two inches above the surface of the 
filter, and no nuisance arises at all. 


26218. (Mr. Power.) What is the average amount of 
suspended matter in the liquor that is deposited by this 
means ?—I can give you that in a moment—about five 
parts per hundred thousand, 

_ 26219. Does it tend to: block the holes at all ?—No 
difficulty is experienced of that kind at all. 

26220. (Chairman.) The holes are too large for that, 
I understand ?—Yes. 

26221. Five-eighths of an inch ?—(Mr. Willcox.) In 
the first experimental distributor for a few weeks in the 
spring we found a tendency for the small jets to block, 
but no difficulty arises with the improved design since 
adopted. 

26222. (Mr. Power:) Can they be cleaned ?—(Mr. 
Raikes.) There is a cap at the end which can be opened 
and they can be cleaned from end to end. The object 
of having a travelling distributor of that form is this, 


that whereas the fixed pipes sometimes used would 
discharge the same quantity per superficial yard, they 


would only perhaps have a hole one-eighth of an inch in _ Willcox, 
diameter every yard, we are enabled by this arrangement 4 Lnst.C.H.; 


to have perhaps seven holes half an inch or more’ in 
diameter, because they are travelling over a great many 
yards during theday. That is, we are able to concentrate 


the flow over a much smal'er number of holes, and there- 22 Jan. 1906. 


fore we get over that difficulty of clogging the ho'es, 


26223. Have you any experience of the use of the 
filter in frost ?—Yes, it has been in work during two or 
three years, and no difficulty has been experienced. 


26224. (Colonel Harding.) Have you had any severe 
frost during that time ?—(Mr. Willcox.) We had nearly 
four days in which we had 16 degrees of frost in 1903. 


26225. At what temperature would the sewage 
reach the filter ?—It is fairly uniform. It does not appear 
to be materially affected by the atmosphere. 


26226. (Sir William Ramsay.) It would be consider- 
ably above freezing point ?—No doubt, considerably. 


26227. Is the pressure obtained by having a feeding 
trough at a considerably higher level than the feeding 
pipes ?—(Mr. Raikes.) It is about one foot above. 


26228. That would give a foot of pressure ?—We get 
about one foot head to work with. 


26229. It syphons over ?—It syphons over, that being 
ihe only method by which we can get it into the dis- 
tributor without passing through the side of the trough. 
(Mr. Willcox.) It is a travelling syphon. 


26230. (Colonel Harding.) And with that kind of dis. 
tributor do you think half an acre large enough for filter 
beds ?—(Mr. Willcow.) Yes. (Mr. Raikes.) We have 
found it convenient to limit the size to that ; 
sf the size were greater it would involve increased 
cost per acre. Might I ask Mr. Willis to show the second 
photograph after the one which he showed before, the 
last one in the book in fact. 


26231. If the increase were in length and not in width 
it would not involve additional expense except in counting 
the radius, would it ?—That is so, but they would have 
to make the distributor run with greater speed in order 
to give the doses with the same frequency. 


26232. The limit is regulated then by the interval of 
intermission,which must not exceed, say, Seven minutes ? 
—The length is limited by that, and the width is limited 
by the practical construction of the distributor, 


26233. We are to take it that with your very con- 
siderable experience in this rectangular distributor you 
do not advise above half-acre units. (Mr. Willcox.) 
That is so. 


26234. (Chairman.) Would you kindly continue, Mr. 
Raikes ?—(Mr. Raikes.) Question 26113. 


26235. ““Have you made any study of the con- 
ditions of aeration of percolating filters??? And we 
answer “* A fresh supply of air is drawn down intu the 
bed of the filter after each dose of sewage is applied.” 
We would like to add on to that answer, ‘‘ The carbonic 
acid gas being drawn off at the bottom with the 
effluent,’? and we consider that of great importance, 
because so frequently it is not provided for and we 
find that with this method of distribution the circu- 
lation, if it can be called circulation of air, is 
downwards through the filter, and that the induced 
current caused by the flow of water into under drains 
is a very effective means of removing the carbonic 
acid gas or other gases that might other wise accumulate 
in the filter; they flow away with the water. (Mr. 
Willcox.) And that is an argument rather against the 
use of raised floors in the filters. (Mr. Raikes.) Yes, 
that is certainly so. 26124 is the next one here. In 
regard to the difficulty that arises on acccount of any 
vegetable growths, we might perhaps mention our 
experience at Hanley, where under identical conditions 
of distribution it was found that with three or four 
different sized materials used in the same filter, the larger 
sizes became quite green, whereas the smaller sizeg 
remained quite free from it. 


26236-7. What was the material ?—The filtering 
medium was saggar. 


26238. I think what the question refers to is rather 
growths of the sewage fungus style ?—Well, sir, that we 
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perhaps did not answer correctly ; we have not had any 
trouble owing to the sewage fungus growth, but we have 
observed this green colour. 


26239. Fungoid growths generally ?—I have not ob. 
served that. 

26240. (Chairman.) You have not had any ?—We 
have had none, but we have seen contact beds which 
are covered with green growth which we concluded was 
rather favoured by the fact that in contact beds the 
surface material is very seldom submerged, and therefore 
the conditions are more favourable’.to the growth of the 
greenmoss. I daresay that is not the growth which was 
referred to. 


26241. Yes.—Question 26129 is the next one. 
‘Could you express an opinion as to how the 
number of gallons would vary with variations 
in the strength of the tank liquor?” ‘On what 


figure or figures would you rely for defining the 
strength of the tank liquor?” and we say, “ The 
quantity treated per super yard may to some extent vary 
with the strength of the tank effluent, but not in direct 
proportion. There is not merely the actual water logging 
which must be avoided, but the reduction of air space, 
that is to say, the more water you are putting on a filter 
the less air it can retain for purification purposes. The 
strength of tank effluent can best be defined by suspended 
matter and oxygen absorbed.”’ We wished to make that 
clear, that in considering the quantity of sewage which a 
filter is capable of treating it is not only what it will take, 
what will go through it, but the larger quantity actually 
reduces the capacity of the filter, the filter really is capable 
of doing less purification when it is treating more sewage, 
irrespective of strength. It is rather a difficult point to 
make clear, but I think the Commission will under- 
stand what we mean by that answer. No matter how weak 
the sewage is there is a limit to the volume that can be 
tréated per super yard without preventing aeration. 
26130, ‘What is your experience of storm water 
filters ?—Storm water filters which are only used 
occasionally do little more than remove solid matters 
in suspension by mechanical straining and for this 
purpose a fine shallow bed is better and less costly 
than a coarse deep one.” That is providing that 
our former suggestion of working ordinary filters at an 
accelerated rate is not adopted. That we think is a better 
method than separate storm filters. 


26242. That really means that storm water filters in 
your opinion are inefficient ?—Undoubtedly ; the mere 
fact of their being restricted in their use to storm water 
makes them inefficient, whereas they might be used with 
greater advantage if kept in regular work. 


26243. (Major General Carey.) But they can be used 
if necessary by the regular sewage from time to time to 
keep them in a state of efficiency ?—(Mr. Willcox.) Asa 
rule they have no proper means of distribution, and 
with the ordinary storm sewage filters the sewage is 
brought on to them and distributed from a wooden 
trough, and uniform distaibution is impossible by a 
wooden trough. 


26244. (Chairman.) You can only depend upon the 
storm water filters to remove certain solid matters, not 
to bring about such purification that the effluent could 
be discharged without danger ?—(Mr. Raikes.) That is 
so, sir, and the saving effected by constructing them 
in an indifferent way is not at all proportionate to their 
inefficiency. 


26245. (Colonel Harding.) Mr. Raikes, you have just 
“xpressed to us an opinion that you did not like a special 
alter for dealing with storm waters, and that you 
think it is better to increase the flow on the ordinary 
filters ?—Yes, 


26246. But did you not tell us that it was undesirable 
from your experience to increase that flow more than 
100 per cent ?—That is so; we are rather anxious to 
make it clear that in giving that answer we assumed 
that the filters were designed for treating three times 
the dry weather flow, and therefore it would only be 
necessary to increase their working by 100 per cent. 
in order to treat six times. 


26247. (Sir William Ramsay.) I suppose you think 
there is no disadvantage in working the filters slower 
than they ought to Le worked ?—Not at all; we should 
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think that that is not a disadvantage, providing they 
are not given too long a period of complete rest in 
which their activity would be reduced. 


26248. Supposing your filters were designed for three 
times the dry weather flow, and worked at one third the 
rate, in ordinary circumstances you think those filters 
would be kept alive and well used, I suppose ?—Oh, 
yes, we should think so ; we would like to have an oppor- 
tunity of explaining at the end of our evidence a method 
by which we could equalise the work between the different 
filters in that way. Question 26136 “Is one standard 
for all effluents passing into non-potable streams 
possible and desirable, and if so, what should it ke?” 
And we answer, “‘ Different standards are required for 
different watersheds, but all might perhaps have 
certain points in common, such as the aksence of sus- 
pended matter and the amount of oxygen absorbed.” 
We have the impression that your Commissioners are 
interested in the question of standards, and as we have 
consilered it a great deal, perhaps, the Commission 
would like to know the results of some notes we made 
on that subject. We have felt that the determination 
of even a local standard would involve the consideration 
of a great many points which affect the classification 
of the rivers and streams into which the effluent is to be 
discharged; and we have made a list of the different 
points that would arise in that connection, of which, 
perhaps, I might hand you copies. 

26249. (Chairman.) Will you read them first ?—I will 
read them first. ‘*The points to be considered in con- 
nection with the classification of rivers and streams : 
**Characteristics of watershed—Area and configuration, 
geology and underground water, duration and rate of 
rainfall, evaporation and run off. Measurement of 
quantity and quality—Object and nature of observations, 
variations in depth and discharge, variations in chemical 
analysis, variations in bacteriological analysis. Methods 
of measurement—Fall, rapids, lakes, velocity measure- 
ments, Weir measurements, chemical analysis. Causes of 
polluttion—Prescriptive rights, manufactures, public 
authorities, private proprietors. Interests afjccted by 
pollution—Domestic water supplies, trade purposes and 
irrigation, fisheries and navigation, water power and 
ornamental.’”’” We only mention those as showing the 
great number of points that we should feel called upon to 
consider in case it ever were our duty to advise anyone in 
regard to the establishment of a standard, that we should 
not at all consider it practicable to fix a standard for the 
whole country, and even the adoption of standards for 
districts or rivers boards could only be made approximately 
fair after considering the different local conditions. 


26250-1. That means that you would have a standard 


almost for every set of works ?—Well, sir, we rather had in 
mind that, if the idea of rivers boards which we have here 
mentioned were adopted, it would be within their power to_ 


fix an arbitrary standard, which they thought would be 
reasonably fair for their districts. It would be im- 
possible to arrive at an ideal arrangement’ which would 


suit everybody, but it would be much more neasly fair | 


than if one standard were fixed for the whole country. 
(Mr. Willcox.) Take the potteries for instance, all the 
towns in the potteries drain into the River Trent. A 
standard would be fixed for this having regard to the 
conditions there. (Mr. Raikes.) One standard would 
perhaps be suitable there, but perhaps quite a different 
standard would be suitable for London for instance. 


26252. Then there is nothing else till the last 
question of all, 26141. We have already said that 
we look upon the method of controlling the works as 
a very important one; and I might read the answer 
to that question, “Since it is found that in order 
to obtain the best results from bacteria beds, it is of 
the utmost importance that their operation should be 
scientifically controlled by a skilled chemist, we have 
devoted special attention to devising a means whereby the 
control of the Hanley works should be centralised as far 
as possible, and should be pleased to sutmit and explain 
detail drawings showing the methods to te adopted for 
(a) measuring the total flow of sewage to be dealt with ; 
(b) recording the rate at which each filter works; (c) 
for starting and stopping the distributors; (d) taking 
samples of filtered efftuent for analysis. The apparatus 
being so designed that the whole of the above observations 
and samples may be taken by the managing chemist 
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himself at any time during day or night, without leaving 
the laboratory and without outside assistance, thereby 
eliminating the possibility of error owing to carelessness 
on the part of subordinates.” The addition is merely 
that we have got the detail drawings, showing the method 
of controlling the works from a central station, by which 
the chemist or manager in charge could have everything 
under his own eye. 


26253. (Chairman.) Can you show us now ?—Yes, at 
once (plans shown). That, sir, is the plan of the works at 
Hanley, and the site for the proposed central recorder 
house is shown in red in the centre, and it is our proposal 
that the whole flow to the high level filters should te 
measured bya venturi meter at that point A; and then 
by another venturi meter for the low level filters at this 
point B. The sewage coming from the septic tanks 
along the main carriers to the high level beds having 
been measured in bulk at A the flow again to each filter 
is measured by another meter at the points-marked M M. 
The same applies to the low level beds, and the 
results of these measurements would be registered by 
an automatic recording instrument placed in the 
laboratory at the central station, so that the man in 
charge would see at a glance exactly which filters were 
in operation, and what length of time they were working ; 
so that, supposing, as we might assume, that during the 
whole twelve months the average number of filters in use 
continuously was four, sometimes much more, sometimes 
much less, but supposing the average were four, he 
would so operate the whole of the filters that they 
would all have had an equal share of work, and would 
not have an excessive amount on any particular filter ; 
if any one filter showed a tendency to lose its éfficiency, 
that could not be caused by its having done more work 
than the others; at any rate without its being known. 
Also to take samples of the effluent, we propose that a 

‘suction pipe, a small three-quarter inch pipe should ke 
taken to the effluent chamber of each filter at the points 
marked E.E., and connected to the pump in the office 
driven by an electric motor, and in that way a sample can 
be taken from any filter and analysed at once by the man 
who takes the sample. That plan is in operation at East 
Jersey waterworks in America. I had an opportunity 
of examining it, and found it very, successful; they 
entirely eliminated the source of error due to unskilled 
assistance in taking samples. The man in the house here 
would not only take a sample, but have all these records 
before him on recording instruments of the type usually 
adopted with venturi meters. 


26254. (Chairman.) What is the distance the sample 
has to be carried from the effluent chamber to the office ? 
—The maximum distance would be about 100 yards, but 
since the effluent there is quite free from any suspended 
matter, we do not anticipate the slightest difficulty 
on that point. That is the house in which the instruments 
would be placed ; in section it is shown there, this being 
the high level side next to the bacteria filters, and that 
the low level side, the meters being a!! connected with 
vertical cylinders here, the fluctuation in pressure would be 
arranged to affect indicators in the office above, and the 
same applies to the pumps for taking the samples. The 
wletails of the recording instruments are shown on another 
detail drawing. That is the arrangement of the meter 
at the inlet of each filter, and these are the pipes brought 
through from these other filters beyond, and although it 
appears that there is rather a large number of pipes that 
is the filter through which al! the rest pass, so that really 
it shows more than the average a great deal, and 
the section of the meter as shown there makes it 
clear that there is no obstruction of the flow at 
all, the quantity passed being accurately measured 
by “the difference of pressure at the inlet side here, 
and in the front of the meter by the variation of 
water level of these cylinders which are connected by tubes 
with those two points in the meter, and that variation 
is automatically recorded on this clockwork diagram 
which can be taken off every day or every week. 


- At the end of the evidence, sir, we have made 
one or two further notes. We could also furnish 
information as to the methods adopted in the United 
States, for gauging all rivers and streams for the 
public benefit by a Government department, and 
also as to the scope of their investigation. We only 
mention that because I had an opportunity of study- 
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ing their methods there, and I was much interested in 
te extensive examinations of all their rivers and the 
accurate gaugings and observations that were made of 
these rivers all over the country, so that data were always 
available for any scheme that might need data of that 
description ; and there was a method of taking gaugings 
which was sometimes found very convenient and quic 
by analysis. That is, a given quantity of some salt or 
chemical was put into the river at a certa’n point, and then 
by taking a sample lower down the volume of water 
could be estimated by analys’s. 


We feel some anxiety as to the increased diffi- 
culties which might arise if rivers boards were 
adopted with discretionary powers to interfere with the 
design and construction of sewage disposal works beyond 
indicating their minimum requirements as to capacity and 
degree of purification to be obtained. We only mention 
that because we have not found the existing system 
entirely free from trouble in that direction, and if it 
were contemplated that rivers boards or any other river 
authority were required to assist or govern the design of 
works that were in course of development, we feel that 
it would perhaps involve more difficulties than now arise, 
when the scheme has first to be prepared and then sub. 
mitted, . 


26255. (Colonel Harding.) Has any suggestion been 
made by anybody to give rivers boards these powers ?--- 
{ am not aware of any suggestion; we only mention that 
as one which had occurred to ns. 


26256. As measure] by oxygen absorbed your sewage 
at Hanley would appear to be only about half the strength 
of the sewages of Birmingham or Manchester, would it 
not quite roughly ?— Yes, I believe that is so, sir 


26257. But in another airection your sewage is peculiar, 
showing an exceptional quantity of suspenced ‘matter, 
your average being sixty-two parts per 100,000 ?—That 
i8 SO. 


26258. And that I think you account for by the presence 
in your sewage of special trade effluent, which you tell} 
us is technically called ‘slip’ ?—Slip. 

26259. Now to what extent does the presence of this 
slip in your sewage facilitate sedimentation ?—We find 
that a very large proportion of the suspended matter is 
deposited in one hour in sedimentation tanks or detritus 
tanks ; we should quite expect that if tke slip were not 
present it would take longer to obtain such a large pro- 
portion of deposit, 


26260. Then do you find that in one hour the suspended 
matter which forms the slip is almost wholly thrown 
down ?—That is so. 


26261. And probably in going down it mechanically 
carries with it particles of other suspended matter and 
facilitates sedimentation ?—We should expect that; yes. 


26262. That probably may account for the very small 
amount of suspended matter which at Hanley goes on to 
the filter bed ?—No, I do not think that would be SO, sir ; 
I might say we have experimented with tanks ; when we had 
no detritus tanks as a preliminary to the septic tank, 
but this did not seem to make much difference to the 
suspended matter in the tank effluent; that is to say, it 
would appear that if the suspended matter did not deposit 
in the detritus tank it would deposit in the septic tank, 


26263. But the slip was present in either case ?—Yes. 


26264. So that the slip may still have had the effect 
in the detritus tank which it. has in the other tank ? 
— Yes. 


26265. We are anxious to understand what the special] 
conditions of Hanley are, because the experience elsewhere 
of septic tanks is that it is impossible to work them 
without their carrying away on to the filters considerably 
more suspended matter than you do at Hanley. At Han- 
ley you told us that your suspended matter in the effluent 
from the septic tank averages five parts per 100,000, ard 
that that only rises occasionally to a little over seyen 
parts per 100,000 ?—That is so. 

26266. Elsewhere we find it is not infrequent to have 
as much as fourteen parts or even considerably more 
than that at special times in the septic tank effluent ? 
—That we know to be the case, sir, and we are well 
acqua:nted with the Birminglam sewage farm, for instance, 
where a larger quant'ty of suspended matter comes 


4X 


Me J, 
Kdward 
Wileow, 

M Inst.C.B..; 
Mr. Hugh 
G. Raikes, 

A.M.I.C.E, 





22 Jan. 1906. 





; Mr. ie 
Edward 
Wilcox, 


714 


from the septic tanks, and Mr. Watson the engineer to the 
drainage board there has so far recognised its importance 
that he is putting down special tanks, following septic 


-M.Inst.C.E. ; tanks, to reduce the quantity of suspended matter. 


Mr. Hugh 
P. Raikes, 


A.M.I.C.E. 





26267. Still the fact remains that in other places that 
is a difficulty, that the septic tank effluent takes away 
with it a much larger quantity of suspended matter than 


22 Jan. 1906. you find to be the case at Hanley ?—Yes, there are some 


places much more and some places much less. 


26268. But at Hanley your condition would appear to 
be rather peculiar, and that bears in a very important way 
upon the experience of the fine material you use in your 
filter beds at Hanley. Have you, may I ask, since our 
visit in November, 1904, found that the beds we then 
found working have by this time shown at any time any 
amount of pooling on the surface ?—None at all. (Mr. 
Willcox.) None at all; I had them examined about six 
weeks ago, and there was no sign of clogging except such 
as you saw when you were there. 


26269. Then you do not find that there is an increasing 
difficulty in passing the liquid through these fine filters ?— 
No. 


26270. And in short you are prepared to say that you 
are perfectly satisfied with the conditions at Hanley, 
satisfied with the very fine material used ?—Quite. 
(Mr. Razkes.) And there are several other places where 
fine filters are equally successful. 


26271. Your experience is somewhat different from 
what we have had elsewhere ; we are anxious to see what 
are the conditions at Hanley which make the use of fine 
material possible ; and.one of them would appear to be 
you bring to the filters an effluent containing very little 
suspended matter ?—(Mr. Willcox.) That would be so. 
(Mr. Raikes.) I might mention that I have here a list of 
the suspended matter tank effluents from several other 
places that were mentioned by Dr. Reid in his evidence 
before your Commission, and I see that Brownhills is 
given as 8; Hanley, 4:5; Lichfield, 3-6; Pelsall, which 
was a scheme we carried out, 5-3; Tipton, 1:6; Tivi- 
dale, 7-9 ; Wolverhampton, 2:2; so that it would seem 
on those that there are cases very much higher and there 
are cases very much lower than Hanley. 


26272. Are those from septic tanks ?—(Mr. Wiilcoz.) 
Lichfield is chemical treatment. 


26273. (Chairman.) The Wolverhampton one was 1-2, 
I think you said ?— : 


26274. (Colonel Harding.) Is that from a septic tank ? 
—Wolverhampton is given as 2-2. 


26275. Isthat froma septic tank ?—That is precip‘ta- 
tion with lime in experimental works. 


26276. That does not help us ; have you many instances 
of effluents from septic tanks within your knowledge 
that give results even better than those at Hanley ?— 
(Mr. Raikes.) At Pelsall the septic tanks and filter are 
much the same as at Hanley and we have five parts per 
100,000 of suspended matter in the tank effluent. 


26277. Then is that an ordinary septic tank ?—That 
is an ordinary septic tank with filters of fine material. 


26278. Without a detritus tank ?—Yes, there is a 
detritus tank there. 


26279.. What is the nature of the sewage ?—(Mr. 
Willcox.) Purely domestic sewage. (Mr. Raikes.) There 
is no slip or exceptional condition there at all. 
(Mr. Willcox.) It is a colliery district. 


26280. Also from a long average ?—Yes, from a long 
average. 

26281. (Colonel Harding.) That is the only case I think 
mentioned dealing with domestic sewage, where the 
results are so small a quantity of suspended matter ?— 
Most accurate records were kept there by the surveyor 
and analyses made regularly for a long period—five or six 
years—and itwould be quite easy to obtain information 
there. (Mr. Willcox.) At Brownhills an adjoining 
district, also a colliery district where there is a 
brewery, suspended solids are 8. 


26282. I should like to return for a moment to what you 
told us about treatment of Atorm water, and ‘your 
recommendation that the filters in current use should be 
used with an augmented flow dealing with storm waters, 
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and you told us that it was quite possible to increase that 
flow by 100 per cent, in other words to double it, and 
that you are able to deal with those volumes because you 
base your area of filters upon three volumes, and there- 
fore by doubling it you deal with sx volumes. 
what do you mean by that? What is the rate of flow 
per superficial or cubic yard which should be adopted as 
a sort of standard, is it not 200 gallons per superficial 
yard; do I understand that that is a rate which will only 
be obtained when three volumes are passing on to the 
filters, and that under normal dry weather flow conditions 
what you deal with is one-third of 200 ?—Yes, but I 
might qualify that so that I might not be misunderstood ; 
it is quite true that only 200 gallons are put on per 
super yard on the whole area of the filters when three 
times the dry weather flow comes, but we should find it 
quite impracticable to distribute one-third of that quantity 
on the whole area affected, The area in operation is 
reduced not the rate of distribution. 


26283. I quite appreciate that ; then I may take it that 
you would only use in ordinary conditions one third of 
your area ?—Yes. 


26284. (Sir William Ramsay.) You would use it inter- 
mittently, I presume ?—That is so, sir; we should 
endeavour to equalise the work; supposing there were 
three acres you could use them in rotation. (Mr. Willcox.) 
Instead of retaining one acre for the dry weather flow. 


26285. But again before we leave that point, by reducing 
the depth of your filter, say, to three or two-and half feet 
instead of five feet you would thereby effect a saving. 
Of course your superficial area would be the same, but you 
would effect a saving in the case of the filters ?—(Mr. 
Raikes.) An enormous saving. (Mr. Willcox.) But you 
must have efficient distribution if you do that. 


26286. That is an important point ?—That is a very 
important point. 


26287. (Major General Carey.) Can you explain on what 
basis the average daily dry weather flow of sewage has 
been estimated? On the basis of the water supply of 
25 gallons per head, it amounts to 1,500,000 gallons 
per diem ?—Yes. 


26288. But your estimate of 3,600,000 of course is very 
considerably more than that; in fact it amounts to over 


' 50 gallons per head of the population ?—It does, 


yes. ; 
26289. I should like to know how that margin is 
accounted for ?—That is explained in the evidence; 


there is a large quantity of water from mines ; it is pumped 


into the sewers and steps are being taken now to divert 
from the sewers 1,000,000 gallons per day pumped 
from the mines ; it is a mining district you see ; and some 
of the old outfall sewers consist of brooks which from 
time to time have been covered in and formed into sewers ; 
the mines had the right to turn the mining water into 
those streams and when the streams were covered over 
the mine water still continued to flow down the streams 
to the outfall works. 


26290. (Chairman.) That is being now diverted ?—Yes, 
steps are being taken now to divert this mine water and 
carry it to the streams. 


26291. (Major General Carey.) Then your sewage will 
become stronger ?—Yes. 


26292. And your dry weather flow will be the amount 
of the sewage proper ?—Plus the water from the pottery 
works, etc. 


26293. Effluents and trade water ?—Effluents and trade 
water ; it would be reduced to 2,500,000 probably. (Mr. 
Raikes.) I might say although we answered the question 
there by giving the actual flow of sewage as 3,500,000. For 
the purpose of our calculations in designing this scheme, 
we have allowed for the reduction of the sewage by the 
elimination of this mine water, so that it would appear 
that our figure is too high. We quite appreciate that, and 
we have allowed for that apparent error in our calcula- 
tions and our works are designed for what the sewage 
will be in volume when they are completed (Mr. Willcoz. 
When the mine water is taken out. 


26294. The maximum winter flow really consists 
of the normal sewage and the storm sewage of the 
winter and the mine flow?—That is it. ~ That 
accounts for the large volume. (Mr. Raikes.) If we did 
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not make provision for that it would involve a very great 
error in our calculations, but we have allowed for it ; our 
scheme is based on 2,250,000 gallons a day dry weather 
flow. 


26295. Question 26021. “Generally speaking, yes; but in 
the absence of very exceptional circumstances no untreated 
storm sewage should overflow from sewers into any water 
course until the flow in the sewers exceeds a rate equal 
to three times the maximum dry weather flow.” Is that 
a general opinion or merely applicable to this specific 
ease ?—It is, inregard to Hanley particularly, but it is 
capable of fairly general application. It is impossible 
to draw hard and fast lines which will be right in every 
case. 


26296. In a great many cases the storm Sewage comes 
down at a rate of, say, six times the dry weather flow ? 
—Yes. 

26297. Would it be sufficient to take three times the 
dry weather flow, to the outfall works, and put the 
remainder into the stream ?—That is just the distinction, 
you will see we have mentioned the maximum, three 
times the maximum dry weather flow. 


26298. The maximum dry weather flow ?—Yes, but you 
see at present time the Local Government Board generally 
require the overflows to come into action where six times 
the average dry weather flow is reached ; We assume, 
as I think we fairly may, that the maximum is rarely 
double the average. 


26299. But in this case is your maximum the maximum 
dry weather flow ?—Yes, but I was wishing to make that 
quite clear, that we do not suggest allowing the storm 
overflows to come into action when three times the av- 
erage dry weather flow is going to the outfall. We 
say three times the maximum dry weather flow, and in 
practice we anticipate that that would mean about six 
times the average dry weather flow. 


26300. Oh, is that it ?—We have no reason to com- 
plain of the course taken by the Local Government Board 
in fixing six times the average dry weather flow, except 
that it does not take any account of the hilly or flat dis- 
tricts by fixing the basis as the maximum instead of the 
average. We have taken that into account. 


26301. With regard to Question 26082 I do not 
understand the contact bed periods: standing full, nil. 
That means that there is no contact ?—Not counting 
the time occupied in filling. 


26302, Filling and emptying ; itis going right through ? 
—Our reason for putting it that way is just this, that we 
feel that the purification in the contact bed is propor- 
tional almost to the amount of air contained in it, and 
when that air has been expelled by filling the bed 
with sewage, under ordinary conditions not much more 
purification takes place afterwards, and we have not 
been able to find that any advantage results in keeping 
the sewage in the bed for a longer period after it has been 
once filled, unless there are some exceptional conditions 
such as trade waste, or some question of that kind which 
may alter it. But generally we find that the best results 
are obtained by making the period of aeration as long 
as possible, and the other three phases of the series as 
short as possible. 


26303. There practically is no contact, except the 
amount of time in passing through the filter, in filling 
and passing through ?—That is so. 


26304. The moment it is filled you begin emptying ; 
is not that it ?—Yes. Perhaps that is rather a develop- 
ment-of the argument that is in our mind, that much of 
the purification which takes place in contact beds is fre- 
quently due to the percolating action while they are 
being filled, and if that is the case of course the period of 
contact would not affect them. 


26305. Generally in your replies I gather that you are 
strongly in favour of percolating filters as against contact 
beds, that they are quite as efficient and less costly in 
the long run to the public ?—That is decidedly our 
opinion. We are advising or have recently been engaged 
on about sixty different schemes in different parts of the 
country, and we have found that they are invariably 
more satisfactory in our experience. 


26306. As to the oxygen absorbed test, 26136, does 
this test give in your opinion any accurate measure of the 
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organic matter in sewage ?—That is rather a chemical Mr. J. 
question, which we as engineers feel rather diffident in Edward 
answering. We have simply suggested it as a practical __ Wilcox, ; 
thing that we can more easily understand; more easily M.Inst.0.. ; 


than the others. pest 


26307. (Sir William Ramsay.) I should like to ask A.M.I.C.2. 
in that table 26006, how the average samples were ; 
drawn. Were they taken in accordance with the 
rate of flow of the sewage ?—No, I do not think they were 
I think they were simply taken from the sewage eavh day 
or whenever it was. 1 do not think any allowance was 
made for that. 

26308. Question 26026. You assume that road water 
need not be treated. Is there any reason for that 
assumption, because we have had evidence that road 
washings are very polluted ?—We appreciate that, 
sir, and our answer is rather framed on account of the 
practical difficulties of carrying out any treatment, than 
the disadvantages of doing it if it were practicable. We 
admit there is a certain amount of pollution in road 
washings, but it would involve a colossal scheme to 
provide for them all. First washings might be separated 
with advantage by leaping weirs, and treated. 

26309. As to question 26027, do you know about 
these samples of Dr. Reid's? Are they chance samples ?— 
No, they are the result of a number of samples ; I cannot 
tell you how many. 

26310. An average ?—An average. 

26311. Are they public ?—I think they were contained 
in his paper (Mr. Willcox.) The paper he read before 
the Sanitary Institute of Glasgow. 

26312. Regarding question 26038, at what places were 
your observations made which tend to show that a 
chemical y treated liquor has a greater tendency to 
clog filters ?—(Mr. Raikes.) At Hanley we were 
called in to inspect their existing works, and we found 
that the land filters that had been in use for some 
years with a chemically treated tank effluent, that 
is, lime was used for precipitation, that land had been 
practically converted into concrete, and that was the 
reason—(Mr. Willcow.) That all applies to Hanley only. 

26313. The lime alone ?—The lime alone. 

26314. Then would you mind telling us how you draw 
your samples generally from which you calculate the 
tank digestion and the percentage of purification of the 
effluents. With reference to 26056, as regards the 
amount of digestion of sludge, one would like to know 
how the samples were drawn from which you calculate 
the amount of digestion in the tank ?—It was calculated 
partly on our own observations and partly on those of 
Dr. Reid. He analysed the sewage and showed the 
amount of suspended matter including the solids in solu- 
tion and suspension coming into the tank. 

26315. On the average ?—We measured the quantity 
of sludge which accumulated in the tank. 

26316. Dried it and took its dry weight ?—We 
took it in that way. 

26317. How did he get his average; I suppose simply 
analysing it every day ?—That is so, whether every day 
or twice a week, at any rate, at uniform intervals. (Mr. 
Willcox.) He sends his river inspector over once a week 
I think, and he spends a day there, That is practically 
how the samples were taken. 

26318. So that they are practically weekly samples ?— 
Yes. 

26319. Question 26091, you say the cost of washing 
the materials should not exceed a shilling per cubic 
yard. Is not that very little ?—That is based on 
our experience of the actual cost of washing material, 
not after it has been clogged but before putting it into 
the filters, and we think that without the cost of buying 
water that is quite sufficient to cover it. We could cer- 
tainly do it for that sum. (Mr. Willcox.) We are paying 
8d. a yard at Newcastle-under-Lyme for washing saggars, 

26320. Are the saggars generally washed before they are 
put in ?—No, they are washed there for this reason. The 
Newcastle Corporation accumulated a large heap of 
saggars. They accumulated them during the winter. 
The result was they got wet and dust adhered to them. 
We had to wash them to remove the dust. 

26321. Would not the cost of washing them after being 
used in the filter be considerably more ?—More than 8d. 
a yard; probably 30 per cent. more ; we say a shilling. 
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Mr.J. (Mr. Raikes.) I might add that a great difference would 
Edward be effected by the filters being allowed to go on 
Wilcox, too long. If a filter were left till it was absolutely 
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clogged and full of solid matter, it would be necessary to 
take the whole of it out and wash it, which would 
undoubtedly cost more. We did not contemplate allowing 
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the slogging to go on, but to wash the surface layers 
before it went so far. 


26322. Referring to question 26120 and the table, are 
those figures there the average sample ?—Yes, those. 
again are based on Dr. Reid’s figures, ; 
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Mr. 


"26323. (Chairman.) You are a Fellow of the Chemical 
Society and a Fellow of the Institute of Chemistry ?—I 
am. 


26324. You have had long experience of distillery efflu- 
ents ?—I have, 


26325. And you say that probably you were the first 
to introduce evaporation for pot ale ?—I think I certainly 
was, 


26326. Might we consider first of all this subject of the 
evaporation process of pot ale. Now, is there a statement 
you would like to make to the Commission with reference 
to that ?—I do not know that I have any particular state- 
ment to make ; I would rather answer questions if there 
areany to be put. All I can say, is in my precognition. 
lt is so far satisfactory, and some people regard it as being 
probably the only check, 


-26327. You say this was carried on with considerable 
success in Longmore’s Distillery ?—It was, 


26328. At what date was that ?—It is over twenty 
years ago; twenty-five years probably. 


26329. But it was abandoned ?—It was abandoned. 


26330. Why was it abandoned ?—Because distillers 
were not very keen upon doing anything to make waste 
products, and they found this a little trouble to them- 
selves. And in addition to that they found that the 
feeding cake which was made from it was liable to be- 
come fungated, and it was troublesome to keep if there 
was not an immediate demand for it, and that was one 
additional reason why the process was given up. 


26331. The evaporation process was somewhat different 
from the evaporation process worked in the Spey Valley ? 
—At that time of course the evaporation was in open 
pans, and then of course dried up with grains, or grains 
and maize, &c. 

26332. Made into cakes for cattle ?—Into feeding cake, 
yes. 

26233. It was abandoned you say kecause—— ?— 
In the first place the distillers found it a nuisance. It 
was extra work to them, and they did not care for that; 
and in the next place the cake, when not sold immediately, 
became fungated and unmarketable. 


26334. Then they adopted other methods of dealing 
with their pot ale ?—The old method, into the stream. 


26335. Which they were permitted to do ?—They 
have been permitted up to now. They have been threa- 
tened, I understand, but I do not think any proceedings 
have been taken against them as yet. 


26336. Although you were the first to introduce it, 
the process was patented apparently by others. Did 
you take out a patent for it ?—Oh no. What was patented 
was simply the mixing of grain stuffs with pot ale. That 
of course had already been done. It was not the appar- 
atus that was patented, but the fact of mixing so as to 
produce a food stuff. 


26337. The evaporation process as carried on in one 
or two distilleries in the Spey Valley is a process which 
goes on much further than that ?—Yes. 


26338. It leads to a calcined product, does it not ?— 
pee: 


26339. What is your view with regard to that ?— 
A good deal of what I know is of course hearsay, 


26340. Only from hearsay; you have no practical 
acquaintance with it ?—Oh yes, I have practical ac- 
quaintance. 


26341. Will you please tell us what you know from 
your practical acquaintance ?—The desire from that 
process is to get a marketable commodity. The value 
of that depends on the extent to which evaporation and 
incineration is carried out. If it fires, a great deal of the 
nitrogenous stuff of course goes to the air, and the resi- 
dual value is very much less. And another feature of 
it is, to my mind, that the last of the evaporation is the 
most expensive, and, secondly, that if the residue could 
be dealt with before incineration the process would be 
greatly cheapened, and the value of the residual product 
made much more valuable. Perhaps I might explain 
what I consider would be a feasible method of dealing 
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with that, because I have made experiments with it at 
Dailuaine Distillery, with considerable success. It is 
drawing the residual material before incineration, mixing 
it with strong sulphuric acid—say 140 degrees T—so as to 
Lring the strength down to about 112 degrees T, and then 
runing ina cheap phosphatic material, Belgian phosphate 
or Algerian phosphate, which contains 20 or 30 per cent. of 
carbonate of lime, in the decomposition of which the 
sulphuric acid comes, sulphate of lime, which takes water 
of hydration and produces a dry product. It would 
be a little more trouble, but I feel quite satisfied if 
that were gone into it would lessen the expense materially, 
and would permit of the present evaporation installations 
overcoming all the work instead of only a part of the 
work as at present. 


26342. And that could be done, you think, at not a 
prohibitive cost ?—I think so. 


26343. With profit ?—I think so. The saving in coal, 
and the enhanced yalue of the by-product would be much 
cheaper than evaporation is at present, and in my opinion 
it could be made profitable. 


26344, You say you have made some actual! experi- 
ments on this ?—I have, sir, at Dailuaine. 


26345. With different results ?—Yes. Of course it 
was done crudely in this respect—that we built a brick 
tank into which we pailed the residual matter from the 
evaporation column, and added our sulphuric acid so as 
to bring it to 112 degrees or 12) degrees, and then run ina 
cheap mineral phosphate, with the result, that we got 
a product which was quite dry in the course of five or 
six hours; it was perfectly dry and quite capable of 
being put into bags and carried away. 


26346. Might I ask how far exactly you carried the 
evaporation ?—Well, I cannot say to what extent even 
the gravity of the liquor was; it was a new installation. 


26347. The evaporation was in pans ?—No; it was the 
Lennox sprayer in a tower in the flues—a nozzle similar 
to the Strawson sprayer. 


26348. The Lennox system you adopted. That goes 
on to complete incineration when it is carried out ?— 
Yes, it does. 


26349. But you took it to a less extent ?—Oh yes 
it was quite liquid when I took it out, or a very thin 
paste, and before anything like incineration took place. 


26350. That is to say, it was the Lennox system par- 
tially applied ?—Yes. I may say in connection with 
that that I made another experiment, which has some 
bearing on this question of temperature and evaporation. 
It was worked in connection with my own process, the 
boiling process, this Lennox tower at Dailuaine. In 
order to cheapen the boiling process, I introduced 
a mineral phosphate, that is called fossil phosphate, 
which contains from 70 to 80 per cent. of carbonate of 
lime, and about 20 per cent, of phosphate of lime, and as 
that could be got into Lossiemouth at 12s. a ton, and the 
carriage to the distillery would not be more than 2s., it 
would give them a material for about 14s. whereas they 
were paying 27s. or 28s. for ground lime, and it would 
fulfil the same function, as I thought. But to my great 
disgust and surprise, I found that the carbonic acid which 
was liberated during the boiling was carried on with 
the liquid to the evaporator, and that during the evapora- 
tion the carbonic acid was driven off and killed the flame 
in the flues. 


26351. Have you anything to say about spraying of the 
trays in this process of evaporation ?—Well, the spraying 
does seem efficient. The trays are so far efficient. 
I do think that if the pot ale was mixed with some lime 
before it went on to the trays, the evaporation would 
be quicker; they would get their paste sooner; that 
could be drawn the sooner, and then treated in the way 
that I have suggested with vitriol and phosphates, so 
that the expense could be lessened materially. 

26352. Then there were some other points you were 
going to give evidence upon, but I will ask the Com- 
missioners whether they have any questions to ask you 
upon this point of evaporation, 


26353. (Colonel Harding.) I should like to ask Mr. 
Hunter what is his objection to complete incineration ; 
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is it a question simply of cost ?—Cost is one point If 
distillers are going to rely upon the by-product for 
profit, for lessening the expense, then the colour of a 
completely incinerated residue makes it almost pro- 
hibitive in the British market as a manure, and the nitro- 
gen compounds would, to a great extent, be volatilized 
and. lost. 

26354. The colour ?—The colour. The black colour 
makes it almost prohibitive in Britain as a fertiliser. 


26355. (Chairman.) Why ?—The dislike to the colour. 
26356. It is black, is it not ?—Yes. 
26357. (Colonel Harding). But do you think if it has 


good manurial properties the farmers would care what 
colour it is, red, blue or black ?—The farmers of Britain ? 


26358. Yes ?—I am afraid that farmers would have a 
prejudice against it, 

26359. Do you think if something is offered to them of 
high manurial value they will not have it because it is a 
black colour ?—The great majority of them will not 
touch it because of the colour. 


26360. That you regard as prejudice ?—Greatly. I 
think there is some little reason for it, which of course 
ought to have been obliterated long ago. Many years 
ago there were black coloured manures put on the market 
which turned out practically worthless. I think that 
has something to do with it, but the fact is they will not 
have black coloured manures which are manufactured 
inthis country. They are better suited for sugar-growing 
countries. That I know for an actual fact. 


26361. Have you any personal experience of the process 
carried out at Dailuaine at the present time ?—Nothing 
but what I have been told. 


26362. You have not seen their incineration result?— 
Ihave seen the product ; the material which they produce, 


26363. And have you formed any opinion upon it ?— 
T know that it has been shown to a great many farmers in 
Scotland, and very few of them will touch it, in the Low- 
lands at all events. 


26364. (Chairman.) Because it is black ?—Because it 
is black, yes. 


26365. They can appreciate the quality of it from 
the analyses, but that will not guide them at all ?—Well, 
they do not rely altogether upon mere analyses, because 
those are very misleading very frequently. 


26366. (Colonel Harding.) Do you happen to know 
whether as a fact they do not sell the whole of it at the 
present moment ?—I do not know, but I know it is not 
sold in the Lothians, or the Lowlands of Scotland. Great 
difficulty has been experienced. 


26367. Do I gather that your only objection to that 
particular result is its colour ?—I have no objection what- 
ever to the colour, but farmers are inclined to object. 


26368. Apart from the farmer, the result seems a good 
one there, does it not; so far as doing away with the 
nuisance of pot ale in the streams it is a complete solution 
of the difficulty 7—As regards removing pollution from 
the streams undoubtedly it is a solution. 


26369. Well, the great cost of it would depend entirely 
upon whether there is a permanent outlet for the product ? 
—Yes. 


- 26370. You are disposed to think there will not be a 
permanent outlet because of the prejudice against the 
colour ?—Pardon me; what I say is that if they were 
to alter their system, modify it a little bit in the way of 
altering the colour, the whole thing would go. 


26371. (Sir William Ramsay.) The emanations from the 
chimney, | think, are not free from odour, are they 7—Oh 
no. 


26372. Which may almost amount to a nuisance 
occasionally ?—There is no doubt of that. 


26373. There has been no attempt to prevent that ?— 
Tam not aware that there has been; 1 think that could 
easily be overcome, just as they have overcome it at 
some destructors in the country. It is not necessarily a 
part of the evaporation process, but at Dailuaine they have 
added evaporation to my process. I should like to be 
very clear upon that point as regards this alteration of the 
evaporation process, the saving of cost by withdrawing 
the liquid sooner than incineration, and the mixing of it 
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with a light-coloured phosphate and sulphuric acid. 
The by-products would be very muck lighter in colour 
and I think that would overcome the prejudice that at- 
present exists. eke 


26374 (Colonel Harding.) Have you induced any dis- 
tillery to try this ?—I have made the experiment at 
Dailuaine. I have made no attempt to induce any ~ 
distillery to adopt anything, because I am too busy a man. 


26375. (Sir William Ramsay.) As to the statement that _ 
the water from the evaporators if discharged into a stream * 
would be an undoubted source of serious pollution, is it- 
not simply distilled water ?—No. ; ; 


26376. Has it a flavour ?—Most distinctly. 
26377. Does it contain nitrogenous matter ?—It does. 


26378. In the shape of ammonia ?—Not necessarily. ° 
There are other volatile matters which are certainly ~ 
putrescible. j 


26379. Has it been proved that they are putrescible— 
such things as methylamine and other matters would not 
be putrescible ?—I have proved it myself. 


26380. Is that so? I should not have thought that- 
volatile ammoniacal matters are putrescible ?—They are 
not all ammoniacal; there are other products besides 
ammoniacal products volatilised. 


26381. (Chairman.) Capable, if they meet putrefying 
organisms, of being putrefied 7—I have proved that, time 
after time. 


26382. Did they not try your process at Dailuaine ?— 
It is at work, or was at work ; it is at work at Aberlour ; 
it is at work at Bulmenach. . 


26383. This work with the phosphates ?—No, not with 
the phosphates, because they have no incineration. At 
Aber'our they have no incinoration except on a partial 
scale, and at Balmenach they have simply my boiling 
process, and then the liquid discharged goes to the- 
bacteria beds. 


26384. Perhaps you might describe your own process, _ 
if you will?—The pot ale is run into a boiler direct. 
from the still. Then I treat it with enough lime to over- 
come the acidity, and boil it thoroughly so as to get the - 
acidity certainly overcome without having an excess of _ 
alkali, as an excess of alkali is objectionable in a stream. 
I take up any free alkali by adding a super-phosphate, 
and in that way I am increasing, of course, the value of 
the by-products. The liquid from that can go to a 
stream; it is absolutely sterile,and of course without 
frothing. There is no danger whatever of becoming ‘ 
fungated, unless a long way down the stream, when 
steep waters may come into contact with it, but so 
far as I have made the experiment it has gone right to 
the sea without the slightest suggestion of fungation or 
of frothing. 


26385. It is sterile, but it contains pabutum for 
organisms ?—Yes. 


26386. If it meets with those it will give rise to changes ? 
—The phosphoric acid is practically all out, and you cannot 
have any fungoid growth without phosphoric acid. The 
method which was employed, of course, at Aberlour and 
Balmenach, and at Dailuaine, was, after boiling with lime - 
as described, it settles, and quickly a clear liquor can be 
run to the bacteria beds and treated there, and if the 
beds are of sufficient area for the quantity of pot ale 
which is treated, then the water will go to the stream 
quite harmless. 

26387. Your process was in use at Dailuaine, and has. 
been given up in favour of complete incineration ?— 
Because the bacteria beds were not of sufficient extent to 
cope with the increased throughput which they had. The 
beds were put up to deal with a smaller quantity, which 
they were distilling two or three years ago, but they want 
to put through more, having an increased trade, and the 
bacteria beds of course were quite inadequate, conse- 
quently they had to do something more. 

26388. At any rate they found that your process was too 
costly at Dailuaine ?—I do not know that they did. 

26389 (Colonel Harding.) Just on this point of the beds, _ 
the beds you refer to at Dailuaine must have been at their 
best at that time ?—They were anything. 

26390. The principle upon which they were worked 
was that the beds were first filled with liquid and then 
emptied after certain intervals ?—During all my visits 
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‘it was simply all run through—simply a filter. They were 
‘intended for contact beds, 

26391. They were badly worked, but they were filled, 
were they not; they were not percolating beds ?— 
- During the most of the visits which I made to the place 
they were simply used as filter beds, clean run through. 


26392. A stream ?—Simply a stream. 


26393. They were always full ; the stuff came in-at one 
end and ran out at the other ?—Just so. 


26394. Had you any experience of percolating beds— 
beds which were never full but which the water percolated 
through ?—Yes, at other distilleries ; but Dailuaine was 
not worked on that system—not while I was there, in con- 
nection with this boiling process. 


26395. (Chairmen.) You state that it is impossible 
to have fungus growth without phosphates. Has that 
been experimentally proved ?—Well from my experience, 
if there is any growth at allit must be extremely limited. 


26396. You have made observations, special observa- 
tions upon that point ?—Oh yes; it must be extremely 
limited. . 


26397. That is to say, you have used fluids without 
phosphates and sown in them a fungus and it will not grow ? 
—If they grow at all it is extremely small. 


26398. (Sir William Ramsay.) Would it not be more 
profitable, not to neutralise your pot ale with lime 
before evaporation ?—Are you referring now to the 
evaporation process. 


26399. I understand that you add lime, as a prelude 
to your process, and then you mix with sulphurie acid, 
and then you finally add a superphosphate. No, I 
beg your pardon ; you first add Sulphuric acid, do you 
not ?—No. 


26400. Then I have not understood your process. The 
first part of it was to evaporate with lime ?—Not to evapor- 
ate ; simply to boil and settle. 


26401. (Chairman.) Reduce to an incinerated condi- 
tion ?—No, in my boiling process we take the stuff direct 
from the stills, treat that with lime ; and then neutralise 
the alkalinity with superphosphate, and settle. 


26402. (Sir William Ramsay.) 
acid whatever ?—Certainly. 


26403. Would it be possible to neutralise the acidity 
which is high in pot ale, to use phosphate and not 
superphosphate, and make superphosphate of the phos- 
phate by virtue of the lactic acid in the pot ale; 
would that work ?—Yes, ina way it would. That was the 
very experiment which I made—to use lactic acid 
to act on the phosphate of lime containing carbonate of 
lime,with the result that when they came to the evapora- 
tion, the carbonic acid which was liberated in the 
evaporation killed the flame in the flues and the evapora- 
tion stopped. 


26404. Why should you wish to evaporate after that ? 
You mean in order to dry it ?—No, my own idea is, with 
that boiling process, if you have got bacteria beds of 
sufficient area for the quantity which is being put 
through, that bacteria treatment after the boiling is the 
method that ought to be followed. 


26405. But we are talking of two different things. 
Surely, bacterial treatment would destroy the sub- 
stance and make it absolutely valueless as a manure. I 
was supposing you were evaporating your pot ale, to begin 
with, to a certain consistency, and then adding phosphate, 
not superphosphate, but phosphate. It would surely soli- 
dify, and give you a manure which might be dried ?—It 
might be dried artificially, but the advantage of using the 
sulphuric acid is that you form a sulphate of lime which 
takes the water up and becomes naturally a dry substance. 


26406.-But have you never tried with lactate of 
lime—will it give the same thing ?—Oh, often. 


26407. And it will not. ?—It does not. 


26408. I should have thought there would have been 
no great difficulty. There is plenty of apparatus with 
‘which you could try the test ?—Yes you can try it, but 
when. you come to heat the superphosphate artificially it is 
no longer superphosphate. . It will become insoluble 3 1t-will 
be regarded probably as a reverted phosphate, and have 
little more value than a purely insoluble phosphate. 


Without any sulphuric 
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26409. Quite so; I see that that would be an objec- 
tion ?—That, again, is bringing in the element of heating — 


the drying—and of course on the Spey side the cost of F.I.C.,F.C.8. 


coal is very considerable, so that by using the sulphuric 
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the advantages by the one treatment, 


26410. To revert to the evaporation plan. I suppose 
your contention is that to calcine the substance 1equires 
more heat than can be furnished by the waste heat of the 
distilleries ?—There is not enough heat from the dis- 
tilleries to evaporate the whole of the potale. There are two 
objections to what they do at present. ‘The first is to save 
the great expense of the cost of the last of the evapora- 
tion, and the second is that you will have 1 ss of the valu- 
able stuff driven up the chimney, so that your product 
will be of considerably more value. At present in the 
incineration process it may have 1 per cent. of ammonia, 
it may have 8 or 10 per cent. depending on the amount of 
incineration ; so if they could withdraw it before in- 
cineration is approached they might have a manurial 
body—that is a dried product with probably 8 per cent. 
of ammonia, and that is worth £4 16s. at the present 
market price. Any manurial body with nitrogen to that 
extent is worth at least 12s. per unit; that would be 
£4 16s. for the nitrogen alone, regardless of the phosphates, 
so that from that point of view it is certainly worth making 
the experiment. I would be quite willing to put £100 
down in any distillery if they would do the like, to make 
the experiment. I do not want profit out of it; I would 
like to see the thing done, because I feel satisfied it would 
be of immense importance. With a little trouble, if it 
were once started it would become an everyday duty, and 
it really would become less trouble to them in the end. ~ 

26411. Would the waste heat from the ordinary stills be 
sufficient to evaporate the liquor to the state in. which 
you wish it ?—That 1 have never experimented with, 
but I rather think it would. 


26412. Without purchasing 
coal, yes. 


coal ?—Without extra 


26413. (Chairman.) Then you speak of Anderson’s 
process ?—Yes3., 


26414. What is that ?—There was a man brought 
some crystallised sulphate of lime to . Anderson, 
and he was doing a lot of things with it. it 
was used for hardening brewing waters, and then he 
saw some notice of purification in distillery effluents ; 
he thought he would try this stuff on it. He was totally 
ignorant of the rationale of the process. He found it did 
something, and they worked away with it until they got 
something of a result. The process is this. He mixed 
this crystallised calcium sulphate with peat, and filtered 
the pot ale through the mixture. Pot ale in going through 
this filter absorbs a considerable portion of the calcium 
sulphate, and comes through tolerably clear filtered 
through the peat and the calcium sulphate; then to the 
filtered liquid he adds caustic soda. His patent claims 


‘adding an alkali or lime or carbonates, but he does use 


caustic soda, and the result is—— 


26415. (Sir William Ramsay), I see you say that he 
has 60 grains of caustic alkali ?—That is what I was 
looking for—yes, 60 grains of caustic alkali. 


26416. (Chairman.) Is that used anywhere ?—Yes 
it was used at one distillery, but I think they have given 
it up. 

26417. (Sir William Ramsay.) May 1 ask where does 
the phosphate of lime come in; does he add phosphates 
afterwards to this liquid ?—The phosphoric acid 
is in the pot-ale, the filtered pot ale. It contains nearly 
140 grains to the gallon, That is the average of phos- 
phoric acid per gallon. 

26418. So he threws that down by the caustic alkali ?— 
He forms phosphate of lime by the acid liquid passing 
through this filte”, 

26419. And ther afterwards ?—Then the phosphate 
of lime is only prezipitated by rendering the solution 
alkaline. 

26420. Afterwards; that’ is what I supposed. And 
then he uses sulphide of lime instead of ordinary lime ?— 
Crystallised sulphide !—Oh no, not sulphide. 

26421. Itisa misprint ; I could not make it out. 
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26422. (Chairman.) Then you mention the Russell- 
Duncan process ?—Yes, Sirs 


26423. That, you say, is a chemico-electrolytic process ? 
—Yes, that is so. 

26424. Could you describe in few words what it is ?— 
Well, I think your experts were there the day that I was 
at Craigellachie ; they know what the process is. 


26425. You have nothing to say on this ?—Nothing, 
beyond the fact that the gentleman has now lefs the 
distr-ct. 


26426. Then you have something to say about the 
fermentation process ?—Well, that of course is a process 
which has not been tried, except by myself and one of my 
old pupils, and of course on quite a laboratory scale—a 
1.ttle more than a laboratory scale. 


26427. Is this using the pot-ale for the culture of yeast ? 
—Yes, the percentage of acid in the pot-ale is of course too 
great for successful yeast culture, but by neutralising 
it by carbonate, or preferably by using slaked lime, it 
forms a very excellent medium on which to grow yeast, 
and we have grown practically every yeast which we in 
this country or Mr. Henson of Copenhagen have any 
knowledge of, and each of them was an entire success. 


26428. But you will want a very small quantity of pot 
ale to produce all the yeast that was necessary ?—It is 
not a question of making yeast ; it is a question of using 
the pot ale, and if they take the nitrogenous putrescible 
matter out of the pot ale, the yeast can be very readily 
transformed into a manure by treating the refuse from 
the yeast culture which I have described, working up the 

asidue from the evaporation process by making a manure. 
And yeast of course is nitrogenous, but then you see any 
extra yeast more than could be disposed of would be uti- 
lised in that way. It is also used at present in the making 
of feeding stuffs. It is used greatly amongst dried grains 
and other mixtures for cattle feeding, so it is not a question 
of only growing as much yeast as would be required for 
those distillers, but in working up the pot ale. Then as 
I suggest there is another valuable product ; there is the 
spirit, as to which I do not know whether it might come 
in as a pot-still whisky or not, but it certainly looks as 
though it would be of great use for motor work. 


26429. (Colonel Harding.) What would be the residuum 
from this fermentation of pot ale ?—We could take it down 
to nothing, just as the distiller takes his work down to 
nothing. ef 

26430. The residuum, such as it is, you would evapo- 
rate—incinerate ?—Practically there would be none left 
in the water; it would be quite a small thing. 





26431. (Chairman.) Surely there must be a good deal 
when you have grown the yeast in it for some time ?—The 
distiller takes his wort down to zero; so could we do 
here, but the residuum could be quite easily treated. 


26432. (Sir William Ramsay.) But the yeast sugar is 
not fermentable—I mean the pot ale sugar is not ferment- 
able ?—We are fermenting them—the sugars which are 
in the pot ale—with that treatment. 


26433. There are two distinct questions here again. 
One is the using pot ale as a food to grow yeast—I dare 
say it might be good—phosphates and ammoniacal salts 
serve as food for yeast ?—I beg pardon ; there is not much 
ammoniacal salt. 


26434. Well, nitrogen compounds which would serve 
as food for the yeast. Anyhow, you could use it as a 
pabulum for the making of yeast. It might be possible to 
sell that yeast and dispose of it in various ways. I pre- 
sume you would continually get rid of pot ale on the 
same principle, not being able to sell grass, but being able 
to sell the sheep that feed on it. It is pretty much that. 
On the other hand, that is quite a different story, surely, 
from fermenting the sugars which are in the pot ale ?— 
We do get fermentation. 


26435. With yeast ?—Most certainly, and we do get 
alcohol, and we have referred this subject to the Inland 
Revenue authorities ; we have discussed the matter with 
them. 


26436. Your first idea is to ferment the pot ale; but 
it nas already been fermeyfed, there is nothing but 
psntoses left ; they will not ferment with yeast ; whether 
there is another organism which wil! ferment them I do 
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not know ?—I do not know what change takes place in 
treating with the carbonates or with the alkali, Lut 
undoubtedly the fermentation is got. We get very 
rapid yeast growth, and certainly an alcohol produced. 


26437. (Chairman.) There is evidence, is there not, of 
considerable amount of cart ohydrate of some kind. 

26438. (Sir William Ramsay.) They are all pentoses, and 
they wil]! not ferment with yeast. : 

26439. (Chairman.) Are there not other forms which 
are not actually sugars ? 

26440. (Sir William Ramsay.) No, I think they 
all pentoses. 

26442. (Sir William Ramsay.) As they do not contain 
the right kind of carbohydrate they will not ferment 
with yeast. ,I do not mean to say they will not ferment 
with some other organism. 


are 


26443. (Chairman.) You appear to have overcome 
that difficulty with the pentoses ?—We undoubtedly 
get very rapid yeast growth, and we certainly have dis- 
tilled a spirit from the growth. 


26444. (Sir William Ramsay.) Is it not possible that you 
have got a little of the hexoses left there in the pot ale, 
and you would get some spirit ? Isit not possible that you 
have in the pot ale the constituents suitable for animal 
growth without fermentation to any great extent ?— 
We might certainly have. 

26445. (Chairman.) Can you grow yeast without fer- 
mentation ? 

26446. (Sir William Ramsay.) That is what I do not 
know. 

26447. (Dr. Houston.) You can grow some forms of 


yeast with plaster of Paris only they multiply in a different 
way instead of the budding. 


26448. (Chairman.) It is a very small growth. 
26449. (Dr. Houston.) It is a feeble growth. 
26450. (Chairman.) You have a luxuriant growth ?— 


We have a luxuriant growth, and alcohol has been pro- 
duced from every experiment made. 


26451. (Sir William Ramsay.) You have examined the — 


residual liquid ?—Oh yes. If I had thought of it I could 
have brought the products here, because I have them. 


26452. (Chairman.) Have you analysed the residual 
liquid ?—I have not analysed it. 


26453. You do not know what is left in it after you 
get your growth of yeast ?—No, but I have treated it 
in the same way as I have suggested for the residuum from 
the evaporation by taking the thicker liquor and mixing 
it with strong acid, and then running in the phosphate and 
turning out a beautiful brown-coloured manure, the 
value of which would of course depend upon the class of 
phosphate used. The percentage of phosphate was from 
30 to 40 per cent., and the ammonia or nitrogen equal 
in ammonia in the manfactured manure which included 
of course the sulphates of lime equal to 7 per cent. of 
ammonia. 


26454. (Chairman.) Then you have experience of the 
use of pot ale thrown upon the land ?—Yes. 


26455. What have you to say with regard to that ?— 
A large quantity of pot ale of course destroys herbage ; 
the acidity is unfavourable. 


26456. So will any manure if it is applied in too large 
quantities ?—Yes, but the amount of acidity has much to 
do with it. There is no doubt that to a soil which has 
been recently limed the amount of a’e which it can 
utilise or destroy is greatly increased, and is increased 


very much in proportion to the amount of lime which is 


used. Of course you cannot put on as much lime at 
once as would keep pot ale going for a month or a year, 
because the over alkalinity, on the other hand, destroys 
nitrification ; so it would require to be periodically applied 
just as the ale was put on, probably from week to week 
in small quantities. But there is no doubt where lime 
is used, and carbonate of magnesia, the capacity of the 
soil for utilising pot ale is greatly increased, and is pro- 
portionate to the amount of lime which is used along witb 
it, lime and carbonate of magnesia—one of magnesia to 
six of lime, that being the proportion which I find gives 
the maximum nitrification. 
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26457. The use of the pot ale would also depend on the 
nature of the land, would it not ?—Yes, very much. 


26458. Are there lands for which it is suitable and 
lands for which it is not suitable?—Yes. Heavy clay 
soil where filtration is slow and the aeration less than in 
a lighter soil, of course that is not so suitable for pot ale 
application. 


26459. (Colonel Harding.) You say the applications 
of pot ale to land is apt to give rise to fungoid conditions ? 
—Yes. 


26460. What do you quite mean by that ?—If the pot 
ale is mixed with steep water, that I think in all cases is 
the holder of the spores which give rise to the fungus. 


26461. Your observation in regard to the treatment 
of pot ale on land does not apply where there is not mixed 
steep waters with the pot ale ?—That is so. 


26462. Where the steep waters are kept separate your 
observation does not apply ?—My observation does not 
apply excepting that in the case where the pot ale is 
put on to such an extent that it may filter unaltered 
through the land by the drains into the river and be a 
source of pollution there. To that extent, of course, pot 
ale, if used alone on soil, is not subject to that objection. 


26463. That would be of course excessive or careless 
treatment. Where pot ale is treated in a rational 
way on land of sufficient area, in not excessive quantities, 
you agree that that method of treatment is a practicable 
one ?—If the land is limed, certainly, but without lime 
it is apt to be come over-sour, bacterial growths are 
limited, and, of course, without bacterial growths agricul- 
ture is impossible. 


26464. Have you had any opportunity of watching 
the contact of pot ale to land at the Glenlivet distillery ? 
—Not at the Glenlivet distillery. 


26465. (Chatrman.) Elsewhere ?—Yes. 


26466. (Sir William Ramsay.) Have you any particular 
experience as regards putting steep water and yeast upon 
contact beds ?—Yes. 


26467. Do you get purification ?—Oh, you get the 
opposite to. purification. Purification does come into 
the question, but at the same time you get such rapid 
growth of the spores of the distillery fungus so-called ; 
the growth of the fungus there is enormous, and 
there is no doubt whatever of the multiplication of the 
yeast, so they soon clog the beds and they become in- 
operative. That is why I regard their removal by the 
separate treatment of yeast—that is to say, the yeast, 
the washings from the vats and steep waters, a separate 
treatment for these two together—that is why I regard 
their separate treatment as being of the utmost importance 
in working contact beds. 
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206468. Do you think much harm would be done by 
running such liquors without the pot ale into the stream ? 


—Not if there is no pot ale going into the stream; [have F.I.C., F.0.9 


found those spores, come from where they may. I have 
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found some spores, for example, in the Carron at Dailuaine. 22 Jan. 1906. 


I have got them a quarter of a mile above the distillery, 
the spores in the stream. 


26469. They do no harm ?—There was no growth there 
but they must have been coming from a growth above. 


26470. (Chairman.) Is there any place above where 
they could have come from ?—I think there is a distillery 
above. 


26471. (Sir William Ramsay.) But they did not cause 
the pot ale fungus in the stream—the presence of the 
spores ?—No, unless they took something to feed on. 


26472. So that if pot a’e is kept out of the stream you 
can. discharge the steep water without any serious danger ? 
—Yes, but of course if it comes down upon sewage you 
will have a fungus growing there as well, but it is quite 
easily kept out. I do not think there is any excuse for a 
distillery not keeping it out. 


26473. Would you keep it out by putting it on land or 
through artificial filters ?—If they mix a steep water and 
spent lees together, and stir it with a little slaked lime, 
within an hour they will have absolute precipitation, and 
not a spore floating, and they can run that off to within 
a couple of inches of the level of the sediment, and if 
they work on the boiling process, or the evaporation 
process, they can pour this off with the ale. Then of 
course put it through either the boiling process or the 
evaporation process along with the pot ale. 


26474. But that involves evaporating a very large 
amount of comparatively harmless liquor, does it not ?— 
It will only be the sludge they will evaporate. 


26475. Oh, I beg your pardon, only the sludge ?— 
Only the sludge. Within an hour they will run off at 
least nine-tenths of the liquids in which there will not be 
a single spore. They have only one-tenth of the column 
to make hot. There is only the quantity at the bottom, 
which is extremely small, and if they conduct that sludge 
to the evaporator or the boilers, you have a very small 
addition to your volume and you keep your stream clear. 


26476. What is the relative volume of the yeast 
washings and the spent lees ?—I cannot give you the 
figure, but the yeast washings are a very small thing. 


26477. (Chairman.) I think I have asked you on all the 
points that are mentioned in your memorandum; is 
there any other point you would like to bring before the 
Commission ?—I do not remember anything. 
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26478. (Chairman.) Mr. Readman, you are a Doctor of 
Science and a Fellow of the Royal Society of Edinburgh?—- 
I am. 

26479. And you practice as a consulting chemist in 
Edinburgh ?—I do. 

26480. And on two separate occasions within the last 
seven years you received remits from the Court of Session 
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in Edinburgh to examine and test the works and arrange- Mr. James 


ments provided for the prevention of pollution by the 


| Burgess 


discharges from two distilleries situated near the river Beadman. 


Spey ?—1I have. 
26481. These pollutions may be classified into two 
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large classes of pollution, the pot ale, and the other, 23 Jan. 1906. 


refuse ?—That is so. 
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729, MINUTES OF 

26482. With regard to pot ale, there have been varicus 
methods of disposing of it; first of all, by putting it 
direct on land ?—Yes. 

26483. What have you to say akout that methcd, 
supposing that there is an adequate quantity of suitable 
land available ?—Well, if the Jand is porous, such as a 
loamy or sandy scil, it seems to do very well if it is not 
put on inexcess ; but haveseen the bad effects of it ifitis 
put on in excess, even on porous, sandy soil. 


26484, Any manure may be used to the detriment cf 
land, may it not ?—lt may. 


26485. I mean, this is an agricultural problem, is it 
not ?—It is, quite. 


- 26486. Has sufficient attention, do you think, been 
paid from the agricultural point of view, as to making 
the best possible use of this pot ale as manure ?—I 
think so; where the land is available it:is taken ad- 
vantage of. 


26487. But with regard more especially to the way it 
should be applied and the times and the relative quanti- 
ties 7—1 am not sure that full attention has been given 
to this. 


26488. Is it not possible that a gcod deal might be 
learned by a careful investigation ?—I think a good deal 
might be learned. 


26489. So that a much larger quantity of pot ale then 
is at present used for lard, even with the lerd available, 
might be used ?—It might be if the land was near, but it 
will not pay to carry it any distance. 


26490. Of course, it must be land in the vicinity of the 
distillery ?—Of course, it ought to be near. 


26491. Then the next process to which it may be 
subjected is that of incineration or combustion ; that is, 
of exposing it to a very considerable heat ?—Exactly, but 
not incinerating. 


26492. Well, not incinerating quite; it is reduced by a 
certain process—for instance at Tamdhu—to a black 
materia] ?—Stillit contains a large proportion of nitrogen, 


~ 26493. I do not know quite what word one should use 
for it; it is not destruction ?—Torrefaction, I should say. 


26494. Now, what have you to say with regard to this 
process ?—I think very well of it ; I think that is the most 
reasonable way of disposing of it, as far as I know 
at present. 


26495. That is carried to various degrees, is it not; 
for instance the Tamdhu material is reduced to a powder? — 
Yes, to a black ash.- 


26496. A black dry powder which can be conveyed 
readi'y to any dis‘ance at a re‘ative'y moderate cost ?— 
Yes, quite so. 


26497. But in other places it is still more or less sticky, 
and far from being dry ?—Then it is not available as a 
manure. 


26498. It is only the process carried to the extent to 
which it is carried at Tamdhu that meets with your 
approval ?—Yes. 


26499. Can you make any statement wich regard to the 
cost of that ?—Well, I do not think the Tamdhu method 
perhaps is the most economical, because it is entirely 
evaporation by steam, the multiple effect system ; but 
where you may evaporate by the waste heat from the 
stills, I think it should be taken advantage of. I think 
the price for manure which you get would not pay the 
cost of evaporating it, but it would go a long way towards 
doing so ; that is, taking the waste heat and utilizing it 
as far a3 possible. 

26500. Yes, and that can be done ?—It is being done in 
several places ; I can name them if you like. 

26501. And that would reduce the coal bill ?—Oh, very 
materially. . ; 

26502. Would it reduce it so much as to bring it about 
that the sale of the material as: manure would meet the 
cost of the process ?—I am afraid. it would not, 

26503. What proportion of loss would there be, roughly 
speaking ; of course, you can only/make an approximate 
statement ?—I should think it would take perhaps 40 per 
cent. more fuel than is available from the waste heat from 
the stills. 


-it amounts to sixteen gallons per bushel. 


EVIDENCE : 


26504. What I rather want is, what would be the. 


reduction on the total cost of the process ?—You mean the 
vaporation process ? 


26505. Yes ; you see if they threw the material straight . 


into the stream it would cost them nothing ?—Yes, sir. 


26506. It does cost them a considerable quantity to 
bring it down to the condition of saleable manure ?—I have 
a figure forit ; Lreally do not recollect it at the moment. 

26507. Could you supply the Commission with it ?— 
I think I could. 

26508. (Sir William Ramsay.) You remember the cost 
of coal there which is about £1 a ton, I suppose ?—About 
£1 a ton. —_ sie: 

26509. If it takes about 40 per cent. more coal to eva- 
porate it do you know how many tons of manure could be 
produced per ton of coals ; that would settle the question ? 
—I could not give that right off ; I could supply it. 

26510. (Chairman.) Dr. Readman could perhaps send 
us in later on the figure ?—Yes.* 

26511. That would be equivalent to the real cost of the 
process to the owners ?—With the wear and tear of the 
plant and the labour attending it ? 

26512. With the wear and tear of the plant and the 
labour ?—T_ree-fourths one evaporator claims, 


26513. Turee-fourths ?—Three-fourths; another claims 
two-thirds of the coalis saved by using the waste heat from | 


the stills. 


26514. Tne liquid in the pot ale; the water of this 
pot ale is by this process. for the most part discharged 
into the atmosphere as vapour ?—By the chimney. 


26515. A very small quantityis returned as condensing 
water ?—Oh, none is returned. 


26516. None ?—Not by this system ; not by the waste 
heat system. Prod 3 
26517. None ?2—None at all. 


26518. It all goes into the atmosphere as vapour ?— 
By the chimney with the smoke. ji 


26519. Tnat means that by this process a very large 


quantity of water is being removed from the adjoining ~ 


stream and not returned ?—Oh, yes. It is not a very 


large quantity after all; I can give you the figures as to — 


the quantity. Itis not a very large quantity. 


26520. Is it not a very considerable quantity ?—Well, 
That is 
approximately the quantity of pot ale produced by a 
bushel of malt. 


26521. Yes, but put it in this way ; without treatment, 


the manufacturers, the distillers, return to the stream 
the same quantity of water that they take out ?—Yes. 

26522. Now, they do not return anything because it 
all goes in vapour into the atmosphere ?—Yes, but the 
amount is only about 50,000 or 60,000 gallons a week in 
a big distillery ; it is not a serious matter. 


26523. Not when the stream is a relatively small stream? 
60,000 gallons a week is not a large quantity. 


26524. That you think is not a matter of importance ? 
—I do not think there is anything in it. 


26525. Then there have been attempts to treat this pot 
ale in other ways ?—Yes. 


26526. For instance, by a bacterial process ?—Yes. — 


26527. What is your experience of the bacterial pro- 
cess ?—] have only been an onlooker of course at all these 
processes, but any effluent I have seen from the bacteria 
beds has not been at all satisfactory. 


26528. Do you know the bacterial bed which has beer 
erected at Dufftown by Mr. Cowie ?—I haye seen it at 
the first stages about three years ago. 

26529. You have not seen them in their present condi- 
tion ?—I do not know whether they have been altered 
since then. , “on 

26530. At present—I am speaking from memory—but 
I think Iam right, Mr. Cowie first treats the crude pot ale 
with lime, by which he neutralizes it and also precipitates 
a considerable quantity of suspended matter, and then 


* The figures referred co are given by Mr. R. R. Tatlock 


(see Question 26717). 
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he throws it upon a series, I think, of seven contact beds 26543. That was the steeps and the wash water ?— My. James 
in succession, ard firally puts his effluent through a per- And any spent lees. Burgess 
colating filter ; then be claims in that way to have got an 26544. Any spent lees as. well ?—vYes, Beadinan, 
effluent which at all events is not altogether a bad one. DS 


He fihe 

26545. Just as they came from the distillery without p.R.9 7. 

further dilution ?—Without further dilution other than 
what has been stated in regard to the steeps water. 


The oxygen absorbed is 2-5 ?— Yes, I have seen it as low 
as that. 
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26531. Scme of them, when ore cores to look at the 
analyses, are lower than that; I mean it is an effluent 
which you cannot state to be definitely bad ; in fact it is 
very nearly up to the Mersey and Irwell standard in that 
respect ?—I may say, Mr. Chairman, that in one of ,the 
samples I have received it has been as low as that; I 
did not know where it come from; tke sam ples were 
sent to me; I did not take them myself; they were 
sent after I returned to Edinburgh, and I did find one as 
low as that and only one. 


26532. (Sir William Ramsay.) Was that three years 
ago ?—No, not quite so much, two-and-a-half years ago, 
May, 1£03. 

2€533. (Secrctary.) When was that continuous filter 
of Mr. Cowie’s made ?— (Dr. McGcwan.) Was it not made 
at our suggestion ? 


26534. 1 think it was.—I think it was after we had been 
up tke first tine; that would te about two and a talf 
years ago. 


26535. (Chairman.) Admitting that the other processes 
-have failed to produce anything like a gocd effluent, this 
seems one in which a good effluent is at all events very 
nearly got ?—(The Witness.) I think it might be attained. 


26536. Then turning to tke otker sorrces of pollution, 
the steep waters, ard the wash waters, ard tle spent 
lees, they are on the whole of less in pertance than the 
pot ale ?—Very much. ; 


26537. Do you think these can be discharged without 
any treatment at once into a stream ?—If the stream is 
big enough it can, I do not think it would do to discharge 
them into a small stream ; they are bound to foul it sooner 
or later. 


26538. I see you state, I have proved that the last 
three discharges are not injurious to fish life, by a series 
of experiments with young trout ?—That is so, 


26539. Could you amplify that statement a little 
further ?— Might I read what we did ? 


26540. Yes. These I understand are discharges without 
treatment ?— Without treatment, only the water used 
in steeping the bar‘ey in the process of malting was 
allowed to flow continuously through the tank containing 
the grain. 


26541. Quite so; that gives you a less strong fluid ? 
— Very faintly co!oured with organic matter, 


26542. But still containing I mean a good deal of im- 
purity ?—It does, but it is in a very much diluted 
form. It is rather a long statement. This is a report 
dated 3rd March to the Court of Session in Edinburgh, 


“Since submitting the Fourth Report, dated 6th 


January last, the distillery has been in constant: 


work, but owing to the severe frost and snow, which 
occurred about the beginning of February, we thought 
it prudent to postpone our inspection which we had 
“intended to make about that date. 

“ Being desirous however, of testing at the earliest 
opportunity what, if any, effect the effluent from 
the distillery will have upon fish life, we have had a 
careful, and as we venture to think, an important, 
test or experiment carried out at latter ead of 
January. 

“To do this we had about three feet in length of 
the wooden spouting which carries the discharge from 
the Distillery to the River Spey cut away, andinto the 
gap we had placed a small wooden tank or box. This 
tank is about three feet long, two feet wide and had 
a depth of fifteen inches from the bottom to the out- 
flow. On the bottom of the tank were laid two or 
three inches of sand and gravel with some large stones 
on the surface. Gratings were placed on the inflow 
and outflow to prevent the escape of fish. The tank 
is covered by a wooden lid and secured by patent 
padlock.” 

That was the entire effluent from the distillery except 
the pot ale. . 
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“The whole undiluted effluent from the filter 
beds enters this tank at one end and flows out at 
the other. This tank having ‘been fitted up as 
above described, Mr. Manners ” —that is my colleague 
in this matter ; he is a civil engineer in Inverness— 
“went to MacAllan distillery on Saturday, 27th 
January, and having seen all in order, placed 
within the tank two trout which he had procured 
that morning. He then locked the tank and gave 
the key to our representative, who was instructed 
to make daily examination, and report if either 
fish died during the week’s trial proposed. 


“Up to Friday, 2nd February, he reported that 
» he. found both: fish alive and well, but that on 
inspection on Saturday, 3rd February, he found one 
was dead and the other alive, and apparently in. full 
and vigorous health; one had thus been fully six 
days in the effluent, and the other, the one alive, 
seven days. 
“On that day, 3rd February, the experiment 
was concluded.” I think that is all I need read. 
26546. ‘Then these two fish lived entirely in that effluent? 
—Entirely in that effluent. . 
26547. And one lived for six days ?—And the otner 
was alive on the seventh day. 


26548. Then it is your opinion, Dr. Readman, that 
the whole of the steeps water, spent lees and washings, 
might be discharged into any stream ?—Not into any 
stream, but into the Spey certainly they can be”: 

20549. Bat you see these fish lived in the effluent itself 
without any further dilution ?—They did, but I think 
the river they are turned into would get foul, and covered 
with that peculiar fungus that appertains to this liquor 
sooner or later. I have seen it myself in small streams. 


26550. And so indirectly injure the fish ?—I do not 
think it would injure the fish; it would disfigure the 
river. 

26551. This is not a question on injuring the fish ?— 
No, I think not; I think it would not injure the fish. 


26552. It would simply disfigure the river ?—Yes, 


26553. It is said the fungus clogs their gills ?—It has 
been stated. 


26554. (Sir William Ramsay). You have not any 
particulars ?—I have not any knowledge on the subject. 


26555. The quantity produced, even in a.small stream, 
would hardly be able to kill the fish by clogging 
their gills ?—It is wonderful how it grows. In the case 
of this distillery we have the whole effluent conveyed 
in wooden pipes straight to the Spey, and taken: direct 
out into the Spey. 


26556. (Chairman.) Is this fungus one fungus, or more 
than one species ?—It is one; I forget the name of it, 

26557. Is it leptomyces ?—That is it. 

26558. Have you paid any attention to the natural 
history of the fungus ?—No. 


26559. You do not know of any accurate observations 
as to what are the conditions which determine the devel- 
opment ?—No. 

26560. The spores I suppose were contained in the steep 
water ?—Yes. 


26561. It is the spores that give rise to the fungus ?— 
In the burnt ale. 

26562. Is it in the washings too, do you know ?—The 
washings are practically the same. 

26563. A diluted pot ale, are they not ?—Yes. 

26564. You do not know whether it comes chiefly from 


the barley or chiefly from the washings ?—I think it comes 
from the washings as much as anything. 


26565. And you do not. know the conditions which 
determine its development ?—I do not know, 


26566. You do not. know of any observations on that ? 
—I am not aware of any. 
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26567. (Sir William Ramsay) I do not think a distine- 
tion is being drawn between two evaporation processes, one 
of which you spoke of as involving multiple distillation, 
and the other in which the pot ale is allowed to run in at 
the top of a flue up which the hot gases from the furnace 
are passing. These two processes are being carried on 
quite separately ?—Quite. 

26568. Can you draw any distinction between them, 
and give the preference to one over another ?—There 
is a good deal of wear and tear in plant I should say in 
the case of the multiple evaporator. It will not do, I 
uuderstand, to be made of iron. It must be made of 
copper, because there is lactic acid formed and that seems 
to attack all the metal parts unless they are made of copper. 


26569. You think the running expense of that would 
be high ?—I am afraid of it, and it is a very expensive 
plant. 

26570. The other, of course, has no such plant; it 
is a very simple affair ?—No. May I show you the 
system that you spoke of just now (paper produced). 


26571. Yes, that is the second. The first, of course, 
will take less fuel than the second ; the triple effect ? 
—Very much. 


26572. The triple effect, rather than exposure to flue 
gases ?—Very much. 


26573. Do you think the saving of cost on that fuel 
would pay for the upkeep of the plant ?—I do, yes. 


26574. Then there is also a charring process which 
follows evaporation ?—They do char in that case in the 
lowest flue of all, after the solution has evaporated to a 
sticky consistence, the lowest flue being the hottest. 


26575. In the case of the triple evaporation, the resitue 
which is obtained is ready to evaporate in tanks over 
which flame is caused to pass ?—A separate process 
altogether ; this is done in the same process, as I under- 
stand it does not require different apparatus. 


26576. They then heat it to 600 degrees, and char it 
and sell the remainder as manure ?—Yes. 


26577. Do you think much ammonia escapes during 
charring ?7—Yes, a good deal, but there is 6 per cent. 
in the residue. 


26578. And in the dried pot ale ?—6 per cent. of the 
residue is nitrogen. 


26579. In the charred substance ?—In that charred 
substance. 


26580. Would it be worth while attempting to recover 
the ammonia which escapes ?—I hardly think it would ; 
there is so much heavy tarry vapours given off at the 
same time. 


26581. The residue by the other method is not so good 
for manure ; it is sticky ?—-It will not do for manure, it 
is deliquescent. 


26582. And nothing can be done with it except to 
bury it ?—Nothing. 

26583. I suppose the yeast and the wash water come 
from casks which are washed out ?—The fermenting 
tuns, yes. 


26584. Going back to one of your first statements as 
regards the application to land, I think you said there 
had been no serious systematic experiments carried on, 
but are you acquainted with any land to which pot ale 
has been applied for a long time ?—Yes, on MacAllan’s 
distillery they dispose of it entirely in that way. 


26585. And there is no deleterious effect on the land? 
—No, it is very carefully done there. It was the first 
distillery which had a serious law suit; they were inter- 
dicted, and I was appointed with a Mr. Manners to 
inspect and report to the Court actually what we saw 
there. The distiller uses the pot ale on his farm success- 
fully along with its use in feeding cattle and gets rid of 
it entirely in that way and no other way. “ 

26586. He has, of course, the advantage of possessing 
a farm ?—He has a good ground for it. 

26587. Then where there is ground, do you think that 
is the most advantageous way of disposing of the refuse ? 
—It is the simplest way, undgubtedly. 

26588. And not only of disposing of the refuse, but of 
improving the soil, I suppose ?—Yes, he gets a very 
much improved crop. 
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26589. One hears that the pot ale burns the crop ?— 
In quantity it does; if put in excess. 


26590. But that is easily avoided, I suppose?—Quite_ 


26591. We have been told that the manure produced 


in this way does not sell, because it has a black colour, 
the farmers being prejudiced against any manure of a 
black colour ?—I hardly think it would sell alone; I 
think it might be necessary to mix it with a super- 
phosphate. 


26592. So as to change the colour ?—It would.. 


26593 (Chairman.) There is very little potash ?— 
Very little pot ash, very. little indeed. You will see 
the analysis, I think, in the red book. 


26594. But is it true that the farmer in Scotland has 
a prejudice against black artificial manure ?—I should 
think he has; I am not quite aware of it, but I should 
hink he has. 


26595. (Sir William Ramsay.) Well, there is from 8 to 10 
per cent. of phosphate, and from 1 to 2 per cent. of pot- 
ash, and from 3 to 8 per cent. of nitrogen, We 
have been toll of another process which is suggested, 
and that is to mix the evaporated pot ale with a certain 
amount of sulphuric acid, and then to neutralise with 
phosphate of lime containing a great deal of carbonate, 
the effect of which is sail to form gypsum from 
the sulphuric acid and the lime, which takes up the 
water of the nearly dry syrupy pot ale and so makes a 
solid manure consisting largely of superphosphate, 
sulphate of lime, and the constituents of the pot ale. 
Are you aware of that plan having been tried ?—I am not 
aware, but I should doubt if it would be quite solid 
and not deliquescent. There is only half a pound of 
solid matter in the gallon. 

26595. But this is after evaporation ?—Yes, after. 

26597. After it has been madeintoasyrup. That looks 
a reasonable process, do you not think ?—Still it involves 
evaporation. 

26598. Involves evaporation, but it adds to the pot ale 
a valuable manure in the shape of phosphate, and the 
process might solve the question of making a market- 
able manure ?—I think it is rather complicating the 
issue. 


26599. It really is establishing a manure manufactory ? 
—Yes. 


26600. Do you think it is not a sufficiently large prob- 
lem to go to expense of that kind ?—It is surprising how 
very little there is altogether in a large work: I mean 
the total solids from the burnt ale are not very large. 


26601. Then there is another possibility, that is collect- 
ing all the material to some central station; establish 
a manure work there and so dispose of it; is that con- 
ceivable ?—The cost of carriage is so great. 


26602. It might be run by pipes ?—The distillers, as a 
rule, are not near enough together; they are pretty well 
scattered. 


26603. You mentioned some particular district where 
filtration was tried through a gravelly soil with disastrous 


-results ?—I think I have heard of that case before; too 


much was put on and the whole soil grew foul. This 
was a case, as I understand it, of an old quarry—I saw 
it in the distance—into which the whole of the burnt ale 
was pumped; it had a gravelly bottom and the burnt 
ale did not appear in the stream for two years; it had 
two years to filter. The moment it touched the stream 
a thick carpet of funzus was formed and the stream finally 
discharged into tle Spey or some of the big rivers 
adjoining. 

26604. (Chairman.) That was an attempt to use the 
land, to use the quarry simply as a bed ?—It appeared at 
the end of two years, and can be seen yet very distinctly. 


26605. So that filtration through a very great thickness 
of soil does not seem to destroy it 7—No use whatever. 


26606. Ithas been stated that the growth of this fungus 
is due to phosphate ; if the phosphate was removed the 
fungus would not grow. Can you confirm that by any 
information you have on the subject ?—That is a 
possibility ; I am not aware of that; I am not aware 
of the history of the fungus nor read any of it; I think 
that is quite possible. 
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26607. It would not be so difficult to remove phosphates 
from the pot ale ?—It would not be very easily done. 


26608. And leave the rest. As regards the steep water 
and the wash water; the steep water is applied in one 
or two ways, first, allowing it to stand over the grain; 
second, applying it as a current running over the grain. 
I suppose the latter takes a very much larger amount of 
water than the former ?—Very much; I can give you 
figures; the one is about 11 gallons per bushel—that is 
where it is allowed to stand on the grain; and the other 
is 140 gallons per bushel. 


26609. (Chairman.) The same total of impurity is 
removed ?—Yes, in both cases. 


26610. (Sir William Ramsay.) In the case of the fish, 
which dij they live in; the 11 gallons or the 140 ?—No, 
the 140. 


26611. Is it worth while putting such wash waters 
through bacteria beds ?—I think it would be in the case 
of a small stream; where the discharge is run first into 
a small stream, for the sake of the stream, for the appear- 
ance of that stream ; in this case I would not recommend 
the flow through system; I would minimise the water 
as much as possible. 


26612. (Major General Carey.) In the absence of 


suitable land for the treatment of pot ale, do you consider . 


that evaporation is the only alternative and practical 
method of disposal which will give satisfactory results ?— 
So far, I think so. 

26613. Have you any specific information as to the 
manurial value of the residue which has been obtained 
after evaporation ?—I believe about 9s. to 10s. a unit of 
ammonia is the value of it, 9s. to 10s. That is to say, 
6 per cent. would be £3 a ton. 

26614. Is there a ready sale for that product ?—I really 
am not sure; I should think so. Ammonia is a standard 
article, and anything cuntaining nitrogen has got a 
standard price and is readily sold at that figure. 


26615. That cost would pay to a great extent the cost 
of evaporation —I think so. 


26616. (Chairman.) In your fish experiment the fluid 
in which the fish lived in the tank was not the raw material, 
the raw steep water: it had been treated ?—No, not 
treated in any way; only stee;s diluted by letting the 
water flow continually through rather than allow the 
water to remiin at rest on the grain. 

26617. (The Secretary.) There was no filtered liquid in 
it as well ?—It was all filtered through sand filters. 

26618. (Chairman.) It was filtered through sand 
filters ?—Yes, everything was filtered through sand filters 
first. 

26619. First ?—It was all run into one tank first of all 
and then passed through sand filters. 

26620. What kind of a sand filter was it ?—Gravel and 
sand on top. 

26621. What depth ?—2 feet 6 inches, I think it was, 
inside. 
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26622. One filter ?—One filter, yes; with a seconl 
ready to be used when the first got fouled or wanted a 
rest. 


26623. How did it pass through the filter ?—Rapidly 
with a 4 inch discharge pipe at the bottom. 


26624. A continuous filter, was it ?—Continuous filter. 
We first received the whole discharges of the distillery, 
except burnt ale, in a large cement tank above the filter, 
and below was the filter into which the tank was dis- 
charged. 


26625, There was precipitation in the tank ?—No 
precipitation ; there was a little sediment, grain, and 
so forth deposited, but very little, very trifling. 

26626. And then it passed continuously through this 
gravel and fine sand ?—Yes, without any check whatever ; 
no tap of any kind to check it. 


Mr. James 
Burgess | { 

Readman. |! 
D.Se., 
F.R.S.E. 
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26627. Did you analyse at all the effluent from that 


sand ?—Very frequently. 

26628. What was its character. This was the effluent 
to which the fish were exposed ?—Yes. The analysis 
of the outflow to the Spey— 

Grains per Im- 
perial Gallon. 


Totalsolids’ - - - - - - 30°13 grs, 
Comprising — 
Suspended, insoluble — - °28 grs. 
Volatile in solution- - “1123043; 
Saline, ete. - - - = Seas 


N.B.—There was no suspended matter when samples 
were drawn. - 


Free or saline ammonia z = - *033 grs. 
Albuminoid ammonia - - - : "269 ,, 


Nitrogen as nitrates and nitrites, sometimes present in 
traces, 
Chlorine - 
Oxygen absorbed 
Reaction—varies from faintly acid to slightly alkaline 
on standing. 
Colour—straw yellow. 
Appearance—clear bright at first but cloudy later. 
Odour—faint earthy at times. 


26629. There was considerable purification then over 


the crude material, was there not ?—Not much; if you 
take into consideration the dilution there was really not 


“ = = = 2°85 grs. 


very much. I think that table perhaps might be worth 
your attention, That gives the whole discharges into the 
Spey. 


26630. You will put that in; may we take that as 
part of your evidence, this table ?—I think so, 

26631. And print it ?—I think so. 

26632. Are you able to state anything as to the com- 
parative cost of the torrefaction method with the success- 
ful artificial filtration method such as that carried out by 
Dr. Cowie at Dufftown ?—To compare the one with the 
other ? 

26623. Yes ?—I am afraid I cannot, but I would give 
it you if you would give me a little time to consider it. 


Mr. Ropert Rattray Tatuoog, called in; and Examined. 


26634. (Chairman.) You are a Fellow of the Royal 
Society of Edinburgh, and of the Chemical Society of 
London, and of the Institute of Chemistry of Great Britain 
and Ireland ?—I am, sir. ‘ 

26635. And you have paid very considerable attention 
to the refuse from the whisky distilleries ?—Yes, sir. 

26636. You have been kind enough to send to the 
Commission a paper, which we have printed, and now 
bears some corrections of yours ?—Yes, sir. 

26637. Will you put this in for printing by the Com- 
mission as it is ?—Yes, sir, with corrections, if you please. 


Paper Supmirrep By Mr. Rospert Ratrray TATLock. 


I am an analytical and consulting chemist and have 
been in business in. Glasgow in that capacity for the last 
thirty-five years. 

I am one of the public analysts for the city of Glasgow, 
and have held that appointment for the last thirty years 


and I was sewage chemist to the Corporation of that city 
for six years. 

I am a Fellow of the Institute of Chemistry of Great 
Britain and Ireland, of the Royal Society of Edinburgh 
and, of the Chemical Society of London. 

I was formerly Examiner in Chemistry at the University 
of Glasgow. 

In the ordinary course of my business I have had much 
to do with sewage matters and with the treatment of 
manufacturers’ liquid refuse. 

Many years ago I experimented with the “ spent wash ”’ 
or “ potale ” of distilleries, in the hope of finding some 
method of treatment which would render it fit to be 
turned into watercourses, but entirely without success. 

As illustrating the utter hopelessness of finding a 
process of treatment that would save distillers from the 
costly litigation that had been going on and that was 
still in prospect, the following may be quoted :— 

““ Wine Trade Review,” vol. XXXVIII., No. 425, for 


My. Robert 
Rattray 
Tatlock. 
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September 15th, 1898, page 647 (Editorial, entitled 
“ Distil'ers and the Pollution of Streams’), in which, 
after stating the adverse result in the Kemp and Macallan 
case, the following occurs :—‘‘ They (the distillers) have 
manfully tackled the subject, and endeavoured in various 
ways to remove all possil'le causes of complaint. So far 
they have been unsuccessful, but they are. persevering 
with experiments, and twenty-one of them have combined 
for the purpose of offering a premium of £2,000 for the 
discovery of a method which shall be really efficaceous.” 


It is a significant fact that although this premium was 
offered by advertisement, both in this country and on the 
Continent of Europe, no one ever applied for it, or even 
submitted a process. 

In the same number of this journal, page 677,, there is 
published in full, a report by Vivian B. Lewes, Professor 
of Chemistry, at the Royal, Naval College, Greenwich, 
to the North of Scotland Malt Distillers’ Association, on 
the subject of Distillery Pollution, in which the following 
appears :— 

“Tn all, I have made over 100 experiments, with every 
precipitant or combination of precipitants which are 
likely to offer any chance of success, and found that 
heavy liming was the only thing which showed any 
considerable precipitation of the dissolved solids, it being 
possible, by this means, to reduce them from 2°54 to 1-4 
per cent.; but the cost would be prohibitive, whilst the 
effluent would still retain the property of frothing, and I 
am of opinion that-any such process offers no chance of 
success. ; 

‘“‘T am strengthened in this opinion by inquiries. made 
on the Continent, from which I find that a similar effluent 
caused great trouble to the dextrine manufacturers in 
Germany and Belgium, owing to the fouling, caused by 
vegetable growths in the stream into which the waste 
water was run, and that a very high premium was offered 
for a treatment which would reduce or do away with it ; 
but in spite of many German chemists devoting years of 
labour to the question, it still remains unsolved. 


~The last method by which it might be possible to 
deal with it would be by evaporating down to a solid, 
which could then be dealt with ; and at first sight it seems 
feasible to do this, by utilising the waste heat in the flues 
for the evaporation of the spent ale. On a small scale 
this could undoubtedly be done, but it must be remem- 
bered that at Dailuaine the production of potale is 63,000 
gallons a week, and I fear that the waste heat in the flues 
would only be able to evaporate a small portion of this 
volume, and that its evaporation would probably entail 
the erection of a large plant and the consumption of a 
considerable amount of extra fuel, whilst the viscid 
nature of the residue, as it approaches dryness, would 
give rise to trouble in keeping the apparatus in working 
order. 

“*T am, therefore, of opinion that although this solution 
of the problem appears at first sight a tempting one, and 
is well worth a trial, yet in practice it is quite likely that 
it would not be found possible; and I am strongly of 
opinion that in the interests both of the riparian pro- 
prietors and the distillery owners, the best method of 
dealing with the burnt ale is to run it straight out of the 
still, whilst hot, through filters, in order to keep back the 
solid material, which would render the stream turbid, 
and then to discharge the filtrate, diluted to the greatest 
extent that the water resources of the works will allow, 
by a pipe leading direct into the middle of the stream. 
If treated in this way excessive dilution will retard any 
fermentation changes for a very considerable period, and 
the burnt liquor, being sweet and fresh, will rather form 
a valuable food for the fish, than a source of pollution ; 
and the flow of the stream and further dilution will, in all 
probability, be found to do away with, or reduce to a 
minimum, the trouble which is at present caused when 
the liquid is allowed either to infilter through the banks 
or to slowly enter through ditches and brooks. 


** Should, however, the riparian proprietors decline to 
allow this, and should the evaporation to dryness prove 


a failure, I am afraid a discharge pipe to the sea will be the. 


only solution to the difficulty.” 
Such was the state of general knowledge among experts 


in 1898. ff Y 
Further, in the ‘‘ Banffshire Journal ” of February 28th, 


1899, there appeared a report of proceedings which had 


then taken place m the Banff Sheriff Court, before Sheriff — 
Grant, in an action, at the instance of Messrs. George 
Cowie & Sons, Mortlach Distillery, and Alexander Mitchell 
Cowie, against the Burgh Commissioners of Dufftown to | 
have them ordained to allow the pursuers to discharge : 


the refuse of the distillery direct'into the burgh sewer. In 


that account of the trial the evidence of Dr. Stevenson 
Macadam, of Edinburgh, is reported in the following 
terms :— = ‘ 


“Methods that were adequate for ordinary sewage 
would entirely fail to deal with burnt ale in the crude 
state, or with burnt ale mixed with such quantities of — 
sewage as they had to deal with in Dufftown. ‘ 

“ He had diluted it experimentally and treated it with — 
lime and alum, but he could not rid it of its noxious — 
matter. riuat 


“Dr. Macadam entered at length into other analyses he © 
had made, and said he knew of no chemical process that 
would satisfactorily purify burnt ale.” Ce 

In the same account, C.E. Doig, C.E. _Elgin, jwas 
reported as follows :— fire 2 

‘“* He had had a scheme of evaporation, and had taken — 
out a patent for it, but now there were many better — 
schemes. He considered the price offered by the dis-_ 
tillers, for a good method of disposal, a very poor one.” 


In the.‘ Aberdeen Journal” of Saturday, August 4th, 


: 


1900, there appeared a Report of the proceedings ‘at a 


Sanitary Congress held then in Aberdeen, at which James 
Hendrick (now chemist to the Highland and Agricul- 
tural Society) read a paper on the “‘ Composition and 
Disposal of the Refuse from Whisky. Distilleries.”.;»The 


following occurs in this report :— 


‘An attempt to deal with the matter by filter beds 
turned out a complete failure, and only increased the 
nuisance. They proved receptacles in. which the highly 
putrescible liquids were able to undergo ancerobie decay 
in a mass, and produced stinking ponds of ‘putrid organic 
matters, which soaked through the ground to the nearest 
river course and caused ugly green masses to take the 
place of the healthy green growths ofacleanriver. Burnt 
ale was the cause of the pollution. 


“It was a wholesome substance when fresh, but the 


‘feeding value for cattle was not sufficient to induce 


farmers to go to much trouble to relieve distilleries of — 


it. It-was practically impossible to prepare, by evapora- 
tion, a dry, marketable product like burnt ale. When 
a certain stage of concentration was reached it became 
a thick, gluey, untractable substance which would be 
difficult to dry further. The fatal objection to such a 
syrup for cattle food was its great acidity.”* 

‘In the Journal of the Society of Chemical Industry, 
Vol. xx., No. 5, 31st May, 1901, a paper is published 
which was read at a meeting of the society on the 30th 
of the previous month, also by James Hendrick, entitled 
“Composition and Disposal of Burnt Ale and other 
waste liquids of Whisky Distilleries.” In this: paper 
the following passages occur :— , 


** Burnt ale cannot be obtained as a dry solid by 
evaporation. When evaporated down it becomes a — 
thick, dark, sticky mass, which would be very difficult 
to deal with in any evaporating plant. Even prolonged 
heating in a steam oven only reduced it to a plastic 
material, which is very tenacious.” 


** Unfortunately, however, even if we could concentrate — 


burnt ale to this extent, the concentrated material would 
be unsaleable on account of its untractable condition. It 
could not be ground and dried into a sowable condition. 
Even if mixed with a large bulk of other materials it 
would render them sticky. I attempted to get over this — 
difficulty by rendering the burnt ale slightly alkaline 
with lime before evaporation. This improves it a little. 
It could be dried, though with difficulty, and could be — 
powdered while still warm. But the powder if left 
exposed to the air soon falls back, even in dry weather, 
into a viscid condition, in which it could not be market- 
able as a manure.”’ 


This was the state of knowledge on the part of the 
best authorities in 1901, but as far back as 1897, my 
attention was directed by Messrs. Robert McAlley and 
Thomas Storer to a process which they had devised for 
producing a valuable manurial product from potale, 
and to its hitherto unsuspected value as regards richness 
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in available nitrogen, potash and phosphoric acid.» They 


succeeded in doing what all their predecessors had de- 
spaired of doing, namely, to produce a rich and valuable 
natural manure in a fine condition for sowing, and re- 
maining so under all conditions of transit, storage and 
use. Much patient investigation was required, however, 
before a successful issue wasreached. In December, 1897, 
T analysed the products of their small scale experiments, 
and in September, 1899, they erected a plant in Glasgow, 
‘and made a demonstration with 550 gallons of potale 
brought from Tamdhu Distillery for the purpose. This 
was entirely successful, and resulted in their applying 


for and obtaining Letters Patent, which are respectively . 


No. 6348 of 1899 and No. 9514 of 1901. In the mean- 
time the Highland Distilleries Co. had erected a temporary 
plant at Tamdhu to test the process on a large scale, 
again the success of the process was placed beyond 
a doubt, and this company acquired the right to use 
these patents at Tamdhu Distillery This plant 
consistel of open evaporating tanks and drying 
pans, but the result of the demonstrations with 
‘it justified the erection of a quintuple effet 
evaporating plant, with an arrangement for drying the 
residue, obtained by evaporation, by the heat of the 
flue gas:s. These inventors made the all-important 
‘discovery that the product, if heated to a uniform tem- 
perature of about 320° F. permanently lost its viscid 
and sticky quality, was friable, and when ground did not 
become sticky again in a damp atmosphere, but remained 
in the form of a powder, ready for sowing at any time. 
This was a great step in advance. The new plant has 
now been in operation for a considerable time and has 
satisfied the most sanguine expectations. The product 
is a. manure of the highest class, having its constituents 
more thoroughly incorporated than they could possibly 
be in a mixed manure. I hand in astatement (A) of the 
composition, as found by analysis, of the potale from 
which the manure is made, also a statement (B) of the 
average product obtained, and of its value, on the basis 
of the valuations issued by the Highland and Agricultural 
Society. I also present a statement (C) of the approxi- 
mate costs incurred in the recovery of the product, for 
comparison, no waste heat from the distilling process 
being utilised. It will be seen from these that the applica- 
tion of the process does not involve much current cost, 
the price obtained for the product covering nearly all 
outlays. not 
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It should be observed that all these figures apply to 
malt (pot still) distilleries only, which lend themselves 
to its adoption more readily than grain (patent still) 
distilleries, as, in the former, worts are set, to ferment, 
at a somewhat higher gravity than in the latter, thus 
giving a rather more concentrated potale. Also in the 
former a considerable quantity of water is evaporated 
with the spirit in the wash still which still further con- 
denses the potale, while in the latter but little water is 
evaporated with the spirit, so that practically no con- 
centration of the. potale takes place. The question 
whether the process can be applied in the case of grain 
distilleries without incurring any current cost, will depend 
on the strength and composition of their potale, but 
considering that most malt distilleries, being distant 
from coal-producing centres, are heavily handicapped 
by railway carriage for their coal, amounting in many 
cases to about 9s. per ton, the latter item is in favour of 
the grain distilleries, and will go a long way to neutralise 
the disadvantage of the weaker potale. 


I am not prepared to criticise any of the numerous 


other processes that have been put forward, but I am 


strongly of opinion that, unless a process gives a bye- 
product whose value will neutralise costs, or nearly so, 
and if it turns into a water-course anything that does 
not approximate to distilled water in character, it is at a 
great disadvantage, and this process is free from objection 
as regards both these points. 


I have also given attention to the polluting qualities 


‘of the other waste liquids from distilleries, namely, the 


‘* barley steep,” the “ washings,’? and the ‘“ spent lees,” 
taking into account the composition of these, as well 
as the proportions in which they are discharged in relation 
to that of the potale. The observations as regards potale, 
however, were not made on the identical potale of which 
my analysis is given in Statement A, and consequently 
the figures are slightly different. I have found that these 
liquids. are discharged in something like the following 
proportions :— 


Potale - . - - 21,000 gallons. 
Barley steep - - - - 1,2000 - 
Washings - - - - - 6,500 Tr. 
Spent lees - - - - 6,500 Fs 


An analysis of each of these gave the following results : — 





Grains per gallon of Liquor. 


























~ Potale. Barley Steep. Washings. Spent Lees. 
Suspended Matter - - - - - 362°5 9°5 12°4 None 
Dissolved Matter. 
Bigemniarer ss mei 1,942°2 2163 265°2 2°7 
Mineral Maiter’e wearer. wotsosi” * 406°7 127°0 44°6 4°] 
omer hy | 2,711°4 352°8 | 322°2 | 6°8 
ee nal TS 
Toran Orcanic MATTER - 2,304°7 225°8 | 277°6 | 2°7 


The whole of the suspended matter was regarded as 


organic matter. 


If these four liquids were discharged into a water- 
course in equal volumes, say 21,000 gallons each, the 


following would be their respective polluting values, 


The mineral matter has no polluting quality, only the 
"A " taking the potale at 100 :— 


organic matter, and therefore the latter only was taken 
‘into account in determining the relative polluting values. 








Barley Steep. Washings. 


Potale. - : | Spent Lees. 











100 12 | 10 
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Mr. Robert But as the liquors are not discharged in equal volumes, _ values relative to each other, based upon the total organic 








Rattray but in the aforesaid proportions, their real polluting matter they respectively contain, will.be as follows :— 
TLatlock. : 
——— _ a { | 
23 Jan. 1906. Potale. | Barley Steep. | Washings. Spent Lees. 
Sth pageant | 
100 | 5} 34 "02 








So that the collective polluting value of the last three 
is 9 against potale 100, or about 7:th. 


It may, therefore, be fairly concluded that if these 
three liquors, the “barley steep,” the “ washings ” 
and the “‘ spent lees,”’ be judiciously discharged, uniformly, 
into a water-course carrying even a comparatively small 
volume of water, their effect on the latter would be free 


from objection. It will be observed that the only liquid 
discharged from the distillery is the distilled water from 
the quintuple effet evaporators. I have examined this 
and have found it to contain only *3 grain of total solid 
matter per gallon. 


(Signed.) RoBert Rattray TATLOCK. 


STATEMENT A. 


CoMPOSITION OF THE PoTALE RECOVERED AT TampHU DISTILLERY, SPEYSIDE. 





Specific gravity - é : i 2 s 
Equal to degrees of feciolias - - - - - 


1015 
= F = 2 2 a ‘ 3 


Grains per gallon. 








Organic matter - - ave Ye - - - : - - - - - . - 326°5 
Mineral matter - a nary te Re AGRE TOR AE PEE tetany oot, ethene 51°0 
Total solid matter - - - : - - - - - - - - - - - 377°5 4 
Containing nitrogen - 2 ‘ E : ¥ b £ 2 33:9 
mi phosphoric anhydride - - = J f 2 g 20°3 
4, (equal to tribasic phosphate ‘of lime) - - = - - SSE ae - - 44°3 | 
In Solution. 4 
Organic matter - - - - - - - - - - - - = - - 2,201°8 
Mineral matter = - - - - - - - - - - - - - . - 245°0 
Total solid matter - - - - - és : : 2 “ x A r c : 2,446'8 
Containing nitrogen - — - = RkS, 3S ee 0. LEE 1b4*1 | 
5 phosphoric anhydride - - - : 3 - = “ E 5 82°5 
4 (equal to tribasic Mga of lime) - - - - . - - - 180°1 
» potash ; +e Eo oe ol 103°7 
a free acid, calculated as ‘lactic - - - - - - - - - 491°5 
Tora. 
Organic matter = ee 2,528°3 
Mineral matter - 3 s 3 2 s : = 3 3 c f F ~ 96-0 
Potal'solid matter =~" -— = ee arene <> pene eae a 2,824°3 | 
Containing nitrogen - a 1 est RE oe = aha oiade eee 187°3 : 
Ps phosphoric anhydride - <n Puls Sp arpa -» = Se 102°8 
5 (equal to tribasic pena of lime) sy ilo Yiile <> Che iter ys AE ocean a : 224°4 
potash - wip ais 2) edocs ok ee 103°7 
ree acid, calculated as lactic - : - rn - - = 491°5 





(Signed) RoBert Rattray TATLOCK. 


STATEMENT B, ‘ 


Showing the Composition (average) of the Potale Manure produced at Tamdhu Distillery, Speyside, and 
Valuation, as per Highland and Agricultural Society’s Scale. 








i 


Per Cent. 
Nitrogen = - - - = = £ iu F e] ., ‘3 7 5°85 
Equal to Ammonia - ms . a ‘ et met - ‘ 710 
Phosphoric Anhydride - - E Mai Ae ‘ . a -: 5°62 
Equal to Tribasic Phosphate of Lime 2 | oo ees = 12°28 
Potash - = 3 “ oe 2 4°58 


i a eae ae, 
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Value, £5 5s. 5d. per ton of 20 ewts. 


$ 


This Valuation is based on the following Unit Values :— 


Ammonia, per unit per ton - - . 
Tribasic Phosphate of Lime - : - 
Potash - - “4 p ns A 





& Ba: 
oe Ngee, ee Per reer Sire 010 0 
a as Gal 
ai teas Batt A, 0 3 6 








(Signed) ROBERT RatTrRay TATLOCK. 


STATEMENT (. 


Showing the costs incurred in converting Potale into Marketable Manure, at Tamdhu Distillery, Speyside 
based on the treatment of 21,0C0 gallons of gaa in one week—the bye-preduct of 1,500 bushels of Malt. 





Coal, 7 tons 7 ewts. at 1€s. 9d. per ton, delivered 
Labour, 5 men at £1 2s. per week each - - - 
' Bags - - - - - - - - 


Sundries - is a: = x L. 3 s 3 


Tear, Wear, and Depreciation of Plant costing £2,000 (at the rue oh 5 Pe 


for 40 working weeks in the year, for one y week - 


Produce, 2 tons 6 cwts., at £5 5s. 5d. per ton of 20 cwts. - 2 - = - ie e 


This is for the product in bags, and shows a balance on the loss side, on the week’s working, of 











Fa Be te 
ag ae eee siete dtals Guide 
© Bede dpet att lle adatnat Sailers ae 510 0 
OS: DARE Eerw (2 8t gud te 09 4 
eat OS, pei an etid-satlz orBr'O 

cent. for 52 weeks) 
: a AR ES ag ae 115 6 

14 5 10 

12 2 4 
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26638. Refuse from distilleries may be divided into two 
classes, the ,burnt ale or pot ale on the one hand, and 
the steep Sater spent lees, and wash water, on the other ? 
—Yes, sir. 

26639. Shall we speak of the burnt ale, first ?—Thank 
you, sir. 

26640. That can be used by being put upon the land ?— 
Yes, it has been so used, sir. 


26641. Have you anything to state to the Commission 
about that method which has been in certain cases quite 
- successful ?—Yes, if too much is not used. 


26642. That is, if an adequate quantity of suitable land 
is available in the immediate neighbourhood of the dis- 
tillery, and the application is made properly, a very large 

_ quantity of the burnt ale may be disposed of in that way ? 
—yYes, sir, the land takes up a certain amount. 

26643. But in certain other cases land treatment is not 
available ?—That is so, sir. 

26644. Then the other methods which have been used 

are in the first place what perhaps we may speak of as 
torrefaction method where the burnt ale is reduced in 
certain cases to a dry powder which can be easily carted 
-away ?—Yes, sir. : 

26645. What have you to say about that process ?—If 
that process is properly conducted and the product is 
carefully made, I think it is an excellent process. 

- 26646. The process, I gather, may be badly conducted ? 
—Yes, sir, it may be burnt or-it may be underdone, and 
the product then will not be marketable. 


_ 26647. Are there any very great difficulties in carrying 
out the process properly ?—I think not, sir, if the proper 
plant is used. 

26648. Now, in that process the whole of the water and 
the potale is evaporated into atmosphere ?—Yes, sir. 

26649. So that the water which is removed from the 
adjoining stream by the manufacturer for his process is 
not returned to the stream ?—Yes, sir, it is returned in the 
form of condensed water. : 

26650. But what proportion of the total appears as 
condensed water ; a very minute portion, is it not 7—No, 
sir, I should think that 95 per cent. at least is returned. 


6225—Ap. I. 


26651. (Sir William Ramsay.) May I just suggest there 
is a possibility of confusion. When you speak of torre- 
faction you are thinking of evaporation and torrefaction 
afterwards: is that so ?—Yes. 


26652. (Chairman.) We are speaking of the whole 
process. 


26653. (Sir William Ramsay.) There are two ways of 
doingit. The first is distillation by multiple effect, and the 
second, torrefaction. Consequently, torrefaction from the 
beginning, running the potale down hot chambers ?—Open 
chambers. 


26654. (Chairman.) Such as is carried on at Tamdhu. 
Let ts take the process at Tamdhu. Could you describe 
briefly again to refresh our memories about the process at 
Tamdhu ?—The process at Tamdhu is by evaporation n 
a multiple effect, and nearly the whole of the water is 
returned in the form of condensed water to the stream, 
and the product appears at that stage in the form of a 
thick syrup containing very little water, and that is 
torrified by exposure to heat in the flues. 


26655. Then there is relatively little loss of water ?— 
Quite so. 

26656. Certain vapours come off in doing the process of 
torrefaction ; are they likely to be a nuisance at all ?— 
Well, I have not observed anything more than a slight 
smell. I have heard that complaints have been made, but 
I believe that is all over, and nobody has any com- 
plaint to make now. That arises from the burning of the 
material, and it is entirely against the interests of the 
distillers to burn the material, because the valuable 
ammonia is dissipated if it is burned. At first, of course, 
that was inevitable. 

26657. May we say then that if the process is adequately 
earried on there will be no nuisance in the vapours from 
the chimneys ?—I’ believe that is the case, sir. 

26658. Then other methods of disposing of this potale 
are by filters and the bacterial method ?—Yes, sir. 

26659. The simple filtration methods have invariably 
proved ineffective, I believe ?—I believe so, quite in- 
eflective. 

26660. Have any of the bacterial methods proved in 
effective 7?—I really cannot say. I am aware of one 
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being tried on the Spey—I have not seen the results of 
it—at Mortlach Distillery. Ihave not seen the results and I 
am not able to criticise any other process except that at 
Tamdhu, and now at the four distilleries.at Rothes treat- 
ment works; I have seen some of them. 


26661. At the one at Mortlach the potale is first treated 
with lime and precipitated. It is then thrown on to a 
series of contact beds and finally on to a percolating filter, 
and by that means an effluent can be obtained, which even 
at present I mean cannot be called a bad one; it very 
nearly reaches the Mersey and Irwell standard ?—Quite 
so; I have not seen the effluent. 


26662. Can you give the Commission any statement 
as to the comparative cost of the evaporation and torre- 
faction method as compared with the filtration method ?— 
Not as compared with the filtration method. I know 
the actual cost of the torrefaction method, but the others 
I cannot give any details about with regard to cost. 


26663, And the cost of the torrefacton method, what 


can you say about that: about the whole process ?— 
Well, it was thought at first that it actually covered— 


26664. You utilise the waste heat from the stills ?— 
Not at Tamdhu. The only ground available at Tamdhu 
for putting down the treatment works was so far away 
from the stills and the flues that the waste heat could 
not be utilised. If it could there would be a great 
advantage from the results at Tamdhu. 


26665. But still, with that disadvantage of not being 
able to utilise the waste heat of the stills, what is the cost 
of the process ?—The price obtained from the manure 
very nearly covers all outlays, and it is expected that it 
will completely cover them as the process comes on. 


26666. May we infer, then, that you are of opinion that 
where the waste heat can be utilised the cost would be 
more than covered ?—I think so, sir. They are ata great 
disadvantage at Tamdhu with regard to not being able 
to use the waste heat of the stills. 


26667. Then turn to the other refuse, the steep waters, 
and the wash waters and the spent lees. ° They are rela- 
tively small compared with the potale ?—They are rela- 
tively small compared with potale. 


26658. Do you think they can be discharged into 
streams without any treatment whatever ?—I think, if it 
were properly done, it would be a pity even to filter them. 
The worst of them is the barley steep which varies very 
considerabiy according ‘tothe kind of barley teing used 
at the time; it is the worst, but the objection to the 
filtering is really that whenever you begin filtration you 
cannot avoid producing disagreeable odours in the vicinity 
of the filter beds. It soaks through the soil more or less 
and begins to putrefy and decompose, and if it could be 
got rid of suitably by carrying it into the bed’ of the 
stream uniformly during the twenty-four hours I do not 
think on the Spey there can’ be any objection. 


26669. You do not think they would give rise to a fungus 
in the stream ?—I do not think so if it was done in that 
way, but to let it off all at once I think is not good. 


26670. You think that in any distillery, if all’ these 


wastes were collected and held so that they could be dis- - 


charged uniformly into the stream, that might be done 
without any ill effect whatever ?—I think so, sir, It 
would involve storage tanks to let it off uniformly during 
the day and night. 


26671. Would there be any putrefaction taking place ' 


in these storage tanks ?—Not for the twenty-four hcurs, 


26672. Do you think the riparian Owners would be 
content with that ?—I really cannot say, ‘sir. T think 
at one time if they thought that the successful treat- 
ment of the pot. ale was in prospect they ‘would® have 
been content, but now that that is achieved they, ‘may 
look for something more. 


26673. Do you know the’ steps which have been taken 
at Dailuaine with regard to this kind of refuse, steep 
waters and so on ?—Yes, sir, I have seen that. 


26674. There they take the trouble of passing it’ after 
precipitation. through a series of contacts ‘bed 2—Yes, 

26675. And produce ~an’ excellent effluent ?—T? have 
no doubt. jt 


26676. But do you think that is really necessary ?— 
I am just afraid that in the course of time these beds 


MINUTES OF . 


EVIDENCE ; © 


may cause trouble. You will have putrefactive fermenta- 


tion taking place. 


26677. Is that likely to occur if they are properly | 


managed ?—Still, if there is percolation: of this liquor 
into the soil it will almost certainly. 


26678. ‘These are contact beds ?—-Yes. 


26679. They are cemented ?—Oh, they are cemente1; 
I did not know. Well, if these are properly managed 
they could give an excellent effluent. 


26680. We have had evidence from Dr. Readman 
that he exposed fish (trout) for a week to a fluid which 
practically was the steep water and the wash water in 
the spent lees, after being simply passed through a sand 
aud gravel filter, and of the-e fish one died at the end 
vi six days, but the other was perfectly well, and he 
deduces from that that this effluent was not noxious to 
fish. Does that commend itself‘to you ; do you know 
of the experiment ?—No, I do‘ not know of the experi- 
ment. - nem a 

26681. But it is what you would expect ?—I would ex- 
pect that.. In the first place the difficulty is as regards 
time. 


26682. This was rather a powerful experiment, was 
it not, making the fish live in the actual effluent itself 7— 
Oh, yes, that was. ; 


26683. But we may take it that it is your opinion, 
and you have had very great experience and made a 
great many examinations ‘especially with fish life, within 
all these waste waters, that if they are uniformly carried 
into the stream as you suggest, they would have no bad 
influence on the fish of the river ?—That has always been 
my opinion. 

25684. Have you paid any attention to that fungrs 
which appears from these refuses ?—I have seen much of 
it and examined it. 


26685. Do you know anything about its natural 


history ; [suppose it comes from the seeds of the barley ? - 


—Yes,-very much, The potale will produce it also. 
26686. Potale will produce it also ?—Yes. 


26687. We have been told that the phosphates which 
are present in that are essential to the growth of the 


fungus ; do you know any observations on that point ?— — 


Not particularly, but it is very well known that phosphates 
are essential to plant life of any kind. 


26688. That is a general inference, is-it not, that it 
is the phosphates; you do not know of any exact ex- 
periments ?—The only thing I know is in regard to the 
growth of yeast, sometimes the phosphates are put 
in to encourage it. 


26689. Each fungus has its own laws, has it not ?~ 
I have no doubt. 


2660. You do not know of any experiments of this 
particular leptomyses ?—No, sir, I do not. 


26691. (Sir William Ramsay.) You speak of the 
torrefied product being made marketable and also of the 
possibi ity of its being burnt or overdone; what is its 
selling price ?7—Well, it has been fairly into the market 
now. According to the Highland and Agricultural 
Society’s valuation it ought to bring five guineas 
per ton; they have been getting, I believe, as much as 
£5 10s. for it. 


26692. Is there a’ prejudice amongst Scotch firms 
and several others against black manure ?—Well, there 
may be; I am not certain that there is. At one time 


_I believe firms had some objection to manure made from 


spent charcoal. 1 think they did not like the idea of its 
having been. made from spent material, and that was 
black charcoal, but that is the only connection I 
can think of. 


26693. 1s it necessary to mix this black product with 
anything in the shape of super-phosphates ?—No, sir, 
nothing at all. It has been used experimentally by 
some of the firms or agriculturalists who have got it, 


“mixed with other things, but the producers of it never 


mix anything with it at all. | 

26694. Is it sticky or dry ?—It is perfectly dry 
and powdery. ~ 

26695. Is that what we saw at Tamdhu, the brown 
charred powder ?—A brown powder. 
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26696. 1s it. possible to collect the ammonia which 
is given off the fina] torrefaction, or whatever one may 
call it ? Is there much escapes ? Is it worth troubling 
about ?—I understand that is under investigation just 
now. Attention was called to it recently. It is to the 
the interest of the distiller that he should allow as little 
ammonia to escape as possible... There will always bea 
little. If it could be collected suitably it certainly would 
go further to cover expense. 

_ 26697. 1t would not be very troublesome to collect it 
i think ?—Perhaps not. 

26698. You were telling Sir Michael about the con- 
densed water from the multiple effect evaporators. “It has 
been suggested to us thatthis condensed water will putrefy 
if kept ; do you think that is the least likely ?—I do not 
think that is the least likely. .It cannot. 


26998. There/are traces in it of ammonia 2—There are 


traces in. it of ammonia and a little free acetic acid. -—: 


26700. (Chairman.) Any other organic acid; volatile 
organic acid ?—I do not know of any there ; there is acetic 
acid. . 

26701. (Sir William Ramsay.) It would be incredib’e 
that it should putrefy ; a distillate of that kind—1 cannot 
understand it; it has-been at the boiling point; and there 
is practically no organic matter in it. I do not think that 
is at all possible. 


26702. If there was any organic acid, there might be 
bacterial action ?—The acetic acid will not. putrefy or 
change in any way, and there is no organic matter. I 
‘have not a copy of my report with me, but I analysed that, 
and itis better than the. burn water as regards solid 
matter. 


26703, Another question-which has been suggested to 
us.is one upon which I should very much like your opinion, 
as.to whether it would be a feasable way of disposing of 
pot ale itself to use it as a medium for the cultivation 
of yeast ; to grow yeast upon it and make it serve as a 
sort of bed where yeast can be cultivated, to be sold or dis- 
posed of in any way that may appear desirable-?—I have 
not heard of that at all. 


26704. Do you think it is at all likely it should work ? 
I should have said on first principles that it had already 
been fermented in the manufacture of the whiskey and 
given up all. it could ?—The~ yeast - plant © during 
alcohol fermentation performs:a function... It converts 
saccharine substances, as you: are aware, into alcoholic 
carbonic acid and it grows itself at the same time, and if 
it does not perform its life’s work I do not see how it-can 
grow. 


26705, The only thing to be. said in its favour is that 
the potale contains a considerable amount of phosphates 
and ammoniacal substances, Is it conceivable that the 
yeast might be induced to grow up upon these and multiply 
without necessarily causing fermentation in the ordinary 


way ?—I cannot say as to that; I am not sufficiently. - 


acquainted with the life and functions of the yeast plant 
to know whether it would grow without performing 


these functions or not, simply because certain things — 


were present while it: was performing its functions. 
26706. Of course these substances haye. been destroyed 


by-the previous action of the yeast ?—The great objection’ 
to a liquid such as potale is the nitrogenous bodies. “If. 
these could be got rid of by any process whatever, 


of course everything would be moré or less innécuous: 


26707. There is another possibility which strikes. me, » 


and that is if the yeast requires sugar as a food, would 
it be possible to. mix the potale with a certain amount of 
sugar-and use it for the production of yeast ; not'for the 


production. of aleohol, but. forthe production of yéast ?—' 


I have very little:doubt the yeast: would‘grow, but yeast 
is very largely a drug. «it could:be made in almost ‘un: 


limited quantities if distillers! wished to make it, and some 
of ‘them make it and sell it in “hundreds of tons. It ~ 
process for : 


may ‘be easily made at a distillery, and any 
making more of it would be at a disadvantage. 


been no market for all that can be made, so much so that 
only'a few distillers make it. . 
26709. Have you.any choice between the two pro- 


cesses of getting rid of the potale, the multiple effect. 
followed by incineration,-and the plan of passing the». 


liquid pot ale upa trap into the flues from which hot gases 
6225—Ap, I. 


_ that’ isa feasible 
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are. escaping, partly the waste: heat from. the stills Mr. Robert 
Rattray . 


-and partly supplemented by coal ?—Well, that depends 


upon the product. At Tamdhu they make a very 
marketable article, an article which is capable of being 
stored and used under. all conditions. I have not seen 
any product corresponding to that from any other. pro- 
cess. 


26710. Itissticky stuff that comes out at the bottom ?— 


' 1t.is sticky stuff and unprofitable as a, market commodity, 


but. if they can succeed. in other places. in making a 
marketable manure such as they have at Tamdhu, they 


Tatlock. 
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will have the advantage of the waste heat from their 


stills, which Tamdhu has not at’present. 
26711. (Chairman.) There they lose all the water do 
they not ?—Yes. 
26712. And: if it»were.a small; stream that might, be 
a serious difficulty, might it. not, taking: away the: water 


* from the stream and not returning any back to it. ?—l.am 


afraid -Imisunderstood the: question. ..I. think -1 -said 
at Tamhu the- greater proportion of the water was 
returned ' 

26713.. I mean at-Tamdhu ?—I. did not think of: it 
in that ight, but I see it would be a disadvantage. 


26714. (Sir William Ramsay.) Tne product is in fact’ 


not marketable at present. There is this to be said 
against it; there must be a considerable expense at 
Tamdhu ?—Oh yes, the price got for. the manure barely 
covers the outlays, but it is hoped it will cover them a 
little more shortly. 


26715. What is the plant they are putting up at 
Rothes ?—It is the same. 


26716. Only they are uniting several a isillaries and 
working them altogether ?—Yes, they are uniting four 
distilleries, and they are being connected to-day; one 
of them, Glan Grant, has been connected for a fortnight, 
and, the other three are being connected to-day. 


26717. Dr. Readman told us the manure is worth £3 
a ton; there is'an analysis which is given; I wonder 
whether you could tell us even very roughly what the 
value of such a manure would. be.; would it be possible 
to say so without a long calculation ?—Well, first it would 
depend on the character of the manure whether it, was 
marketable, even with these ingredients having nominal 
value init. _ Very dry cinders work out at £5 17s. per ton. 


26718. Tuat. is very considerable ?—And_ the. other 
about £2.10s... Oh, I observe that is medium dry. paste, 
which is not marketable. 


26719. Nor marketable, but the dry cinders would: be 
of market value ?—They would be marketable; if not 
for manure, at any rate for some purpose they would be 
marketable. 

26720. Then another question I should like to ask ; 


it has been suggested to us that this process might be ap- 
plied for the treatment of pot ale:—first of all, evaporation 


by multiple effect to a syrup, then the addition of sul- 


phuric acid to that, I presume oil of vitriol’; then the 
addition of phosphate of:lime very rich’ in carbonate, 


' containing 60 or 70 per cent, of carbonate, avery poor 
‘| phosphate; the result would be to form gypsum from the 
- sulphuric acid, and the gypsum-would take up the water, - 
. drying: the whole material, and it-is suggested that here 


would be produced an article containing, sulphate. of 


lime, a considerable amount of phosphate, the whole of © 


the ammonia which was given off in the evaporation, and 
that it would be a valuable manure. Do you think 
process ?—It would require 
calculating out, but it does not look well to begin with, 


- making’ sulphate of lime from sulphuric acid. It is very 


expensive. Sulphate of lime is a drug‘in the market: 
Then it strikes me at first that the valuable ingredients 
would beso diluted.that carried froma highland centre like 
that to-centres where it could be largely employed would 


be costly, but I would not say positively without having 
x4: Paiva , ~ an opportunity of working it. out. . 
26708. There has been no market for it ?—There has _« 


26721. I think the-feature of the process was the idea 
of drying it by the formation of sulphate of lime ?—Quite, 


“ but.itseems tome that the proportion of water in sulphate 
. of lime is so small that you would require to, produce an 
, enormous amount of sulphate of lime to combine with all - 


the water present seeing there are only two molecules of 
water as hydrate in gypsum. 
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26722. (Cheirman.) We have haa an analysis made 
of the distillate at Tamdhu. This was made on 25th 
April, 1904, and in 100,000 parts the oxygen absorbed in. 
four hours wa3 4°70. Tnere is the analysis (exhibiting 
analysis to witness) ; that is hardly distilled water, is it ? 
—No, sir. 

26723. You are producing a very large quantity of 
that ?—Yes, almost equal to the amount of pot ale. I have 
analysed the spent lees for other substances than solid 
matter, and the spent wash the same, and I find that 
a good deal of the ethers and heavier alcoholics remained 
in the spent pot ale, and it strikes me this oxygen absorbed 
may correspond to these. I have analyses here of spent 
wash I have made for these components for another 
purpose. 

26724. But that oxygen absorbed has a different signi" 
ficance there from what it bas applied to an ordinary 
sewage effluent ?—Yes, sir, | think these higher alcohols 
will be probably converted into higher acids there. 


26725. At ordinary temperature within four hours ?— 
Well, I should think so; not completely, perhaps, but 
whenever those higher alcohols are treated with perman- 
ganate of potash, that I observe is the process used, they 
are converted into corresponding a‘cohols. 


Mr. Joun H. Fuuuarton, M.A., D.Sc., called in ; 


26734. (Chairman.) Mr. Fullarton, you were formerly 


scientific adviser to the Fishery Board for Scotland ?—I - 


was, sir. 


26735. @And you have given considerable attention to 
the pollution of streams, especially by whiskey distilleries ? 
—Yes, I have. 


26736. And you have given evidence on this subject 
in courts of law ?—I have given evidence. 


26737. The refuse from whiskey distilleries are of two 
great classes ; there is first pot ale, and then there is the 
steep water, wash water, and spent lees 7?—Yes. 


26738. Let us take the pot ale first. 
have been devised for the disposal of that ; 
it by land, it being put on land ?—Yes. 


Various methods 
first to treat 


26739. I suppose where there is an adequate quantity 
of suitable land in the neighbourhood of the still, and the 
pot ale is applied with judgment, a very large quan- 
tity may be disposed of in that way ?—Yes, that is so, 
and to the improvement of the grass crops. 


26740. Being what is often called a strong manure it 
requires careful application ?—It does. 


26741. But with that care it may be largely used ?7— 
It may be. 


26742. I suppose if in the neighbourhood of each dis- 
tillery there was an adequate quantity of suitable land, 
that would be the best way of disposing of it ?—Oh yes, 
that would be the cheapest way. 


26743. Then there is the method by evaporation, fol- 
lowed by what we may speak of as torrefaction, and there 
is another method which is simply torrefaction, the pot ale 
is poured into a large tower and subjected at once to heat 
without previous evaporation. You have paid consider- 
able attention to that process ?—Yes, I have. 


26744. You can speak favourably of it ?—Yes, I have 
erected a plant. 


26745. In the first process where there is the evaporation 
and then the torrefaction of course the water of the 
evaporation is returned back so that there is no loss of 
water 7—I presume so. 


26746. But in the second process, which is torrefaction 
alone, the whole of the water is discharged into the at- 
mosphere as vapour ?—Yes, it is all discharged as gases— 
the whole of the pot-ale barring the sediment. 


26747. If that still is in the habit of drawing its water 
from a relatively small stream and does not return to that 
stream any of the water it takes from it, that may become 
a serious objection in this simple torrefaction process ?— 

I do not know any stream where it becomes much 
of an objection because the supplyof water is so adequate ; 
it is more than adequate. 


MINUTES OF EVIDENCE : 


26726. Taois means that besides acetic acid there is a 
number of aleoho!s ?—Oh yes, sir, but they are not putre- 
factive. 


26727. Tne amount of dissolved oxygen is also rather . 


high you see ?—(Dr. McGowan.) At the same time the 
volume that would go to the stream would be very small. 


26728. (Chairman.) It is the whole of the pot ale at 
Tamdhu. (The witness.) Dissolved oxygen taken up? 


26729. (Dr. McGowan.) At about 65° Fahrenheit, and 
I see that is given in three days ; you may divide it by 


three for one day ?—Tnat is a feature I am not very ~ 


familiar with, the absorption of oxygen. 


26730. (Chairman.) Is it not possible that your con- 
densed water is different from distilled water and requires 
some attention ?—Yes, it may require some filtration ; 
I do not think there is anything putrefactive in it. 


26731. It will take up oxygen in a stream ?—Yes, I 
think it would. 7 


26732. (Colonel Harding.) To an te extent ?— 
Yes, probably, with time. 


26733. (Chairman.) 4:7 in four hours in 100,000 gallons: 


and Examined. 


26748. Can you make any statement about the nature 
of the water after condensation which comes from the 
evaporation ?—Well, I will tell you what I have done. 
Ihave taken the waste heat of the flues and utilised it by 
means of a suitable heater to heat the pot ale, and I have 
divided the liquid mechanically after it has been what I 
might call superheated and discharged it into the hottest 
part of the stalk several feet above the entrance of the flue. 
The result is well seen, for example, when you put on a new 
fire. Formerly black smoke was given off from the 
stack, but the smoke no longer is black, it becomes blue, and 
when the fires get red all you see is steam issuing from the 
top of the stalk. I have never attempted to capture the 
gases given out of the stalk. 


26749. When you have the evaporation which 
is taking place before the torrefaction begins, the 
water of that evaporation, the condensed water of that 
evaporation comes back ?—Of course I have not spec‘ally 
examined that, though I have seen it at work. 


26750. Can you speak of the vapours which are sent off 
by this process of torrefaction as being at all noxious 7— 
No, I do not think they are. 


26751. They can be smelt, can they not, in the neigh- 
bourhood ; have there not been complaints of the odours 7 
—I did hear a complaint once upon a time at the very 
beginning, but -they raised so many bogies about what 
was likely to happen that I paid no heed. In the first 
place we were to pull down the stalk by discharg'ng the 
heated liquid into it. I do not pay much attention to that. 
I never was able to smell anything. 


26752. If that were, it would be an imperfection in the 
process; the combustion would not be adequately com- 
plete ?—I think the combustion is so perfect that you 
really cannot smell anything. At least that is what I 
find. 


26753. Now can you make any statement as to the cost 
of this process? In some cases, is it not 80, the heat of 
the stills can be utilised ?—Yes. 


26754. And in some cases it cannot, and the whole of 
the process has to be carried on by independent combus- 
tion of coal ?—I have not seen it, except in one instance. 
Ihave seen it at work at one distillery, but generally speak - 
ing the method that they adopted on Speyside, which f 
know pretty well, is an uneconomice] method. Working 
by the pot still is an uneconomical method. When I saw 
this method at work I at once concluded that there was a. 
great deal of waste heat here. Is it orisit not possible 
to tap that waste heat without amy additional cost for 
fuel ? And after making experiments I first ascertained 
the quantity of coals—had them measured—which went 
into the furnace of the copper and stils; I had two 
small stills to deal with and the still wash and also the coal 
to the boiler. Well, I could tell exactly from the Excise 
returns the quantity of work to be done in the stills and in 
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the copper, but it was not so easy to ascertain the quantity 
of work to be done by the power boiler. I made up my 
mind there was a great loss of heat. I could not quite 
condescend on the exact figure, but the coal bill was some- 
thing like forty-two tons per week, and I concluded there 
was a loss of heating power. I forget whether I took eight 
or nine pounds of water evaporated per Ib. of coal, but I 
concluded there was a loss of heating power to the extent 
of about seventeen tons. 


26755. Out of forty ?—It was seventeen or thirtecn, I 
could not be exactly sure at this moment. I have not 
been home for a little time to get my papers. All that 
heat cannot be lost by radiation ; it must be lost in some 
other way, and when you see red hot flame belching forth 
at the top of a sixty foot stack, you can only come to the 
one conclusion. Therefore I asked myself what is the easiest 
method to get hold of this waste heat and make it do fur- 
ther work? At this stage I associated with myself a 
mechanical engineer—I am not an engineer—and we have 
devised a coil for placing in the flues. Through this coil 
was passed ale from the burnt ale tank, which was received 
in the burnt ale tank at something like 175° Fahrenheit, 
but which lost heat so thalt it was only about 130° Fahren- 
heit when it came toourcoil. Then wehad the coil made 
of solid drawn copper, so that it would stand a very high 
pressure, with the object of course of getting the material 
superheated. We then took and divided it mechanically 
and discharged it into the stalk, and the results after some 
weeks’ working came out exactly as I anticipated; we 
were able to do what I had promised we could do, and we 
destroyed for I forget how many weeks 100 tons of ale per 
week. Sometimes I admit we were behind in the destruc- 
tion of the ale produce; sometimes we were ahead. I 
remember within ten days we had actually to let cold water 
into the ale tank to keep our pipes filled. We had to 
have the liquid continually circulating through the heater. 


26756. Where was this ?—This was at Ben Rinnes dis- 
tillery. 


26757. Is it still carried on there ?—It is still carried 
on. It was carried on under skilled management for 
some weeks. I was peculiarly situated. I was 
retained by the Duke of Richmond and other riparian 
proprietors against the distillers. I went up there; I 
wis interested in the question; and I had made some 
experiments with a view to the recovery of the material, 
and the distillers there made a proposition to me, 
whether I could help them or not. I said I believed 
I could, and I got the consent of the proprietor’s agent. 
I got the contract signed on 23rd December. Our proof 
came on early in February, I had to have everything 
erected in a few weeks’ time; everything was erected and 
it was reported on by the agent of the proprietors—the 
‘superintendent of fisheries—for the proprietors. On 17th 
January we had done exactly what we had promised. Since 
then the apparatus has been in unskilled hands, but I con- 
sulted recently the superintendent of fisheries, the repre- 
sentative of the proprietors, »nd he admits that in good 
weather we destroy three quarters of the ale produced, 
and that, mark you, without 1 lb. of additional ccal 
consumed. 


26758. The waste heat is adequate to destroy at least ? 
—In this instance at least, I cannot speak for others; 
of course I have not gone into their, figures. 


26759. And what is the product there of the destruc- 
tion ?—It goes into the atmosphere. We drove asmall 
door into the bottom of the stalk, and we have now 
about on an average a barrowful, well, not 1 cwt., of 
practically carbon at the foot of the stalk in the week ; 
that is all the material unconsumed. 


26760. And the water of the potale goes into the 
atmosphere ?—The water of the potale goes into the 
atmosphere ; you see the steam issuing from the top of the 
stalle and I have no doubt there are other gases along 
with the steam. 

26761. I suppose the loss of water i; a matter of no 
consideration at all, because there is abundant water 
everywhere ?—Oh, it is neither here nor there. 

26762. Have you any experience of other treatments ?— 
Yes. 

26763. For instance, by filtration or by bacterial beds ? 
—I have seen both beds at work and examined the pro- 
ducts; not I mean tosay chemically, but I examined the 
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bacterial effluent by putting my hands in it and smelling 
them afterwards. I have seen the filter beds also at work. 


26764. Simple filter beds ?—Simple filter beds. 

26765. Those are ineffective ?—Quite ine‘fective. 

26766. Are you acquainted with the plans adopted at 
Mortlach ?—Yes, I am; I saw those beds after they were 


put down; I am not sure whether it was under Mr. 
Thuddicomb’s management, but I saw those beds in April. 


26767. Have you seen them recently ?—No, I have not 
seen them recently, but of course my objection to them is 
a biological objection that here you have got a very acid 
product, and it is continuously producing acid, at least for 
a considerable time, and as far as I know anything of 
bacteria, they do not want an acid medium if they are to 
Jive and thrive well. 


26768. As at present worked the pot ale is neutralised by 
lime and precipitated before it is thrown on to a number of 
contact beds, seven, I think, innumber in succession, and 
the effluent from the last seven contact beds is thrown on 
to what is called a percolating filter, a final percolating 
filter, and by that means they assert that they got an 
effluent which at all events is a very fair effluent, and 
coming very nearly within so satisfactory a standard as 
that of the Mersey and Irwell Rivers Board ?—Yes, well I 
cannot say. I have had such statements made to me 
several times. While I was there I said, let us see your 
analyses and then we can deal with it. 


26769. The analyses ; the absorbed oxygen, for instance ? 
—Well, of course I am not a chemist. 


26770. Is very nearly if not quite within the Mersey and 
Irwell standard, showing that at all events if not perfect, 
it is a process which cannot be ignored ?—If itis a partial 
purification process, there can be no doubt about that. 


26771. Then with regard to the other, the steep waters 
and the washings and the spent lees, we have been told 
that those, if they were discharged uniformly into astream 
of adequate volume, might be so discharged without 
creating any harm at all. Is that also your opinion ?— 
Well, 1 would hardly say that. I do not think it is a 
good thing to discharge them uniformly. It would be 
much better to discharge them with a splendid spate in the 
rivers, if that could be obtained. 


26772. (Col. Harding.) Store them until such time as 
there is a spate ?—That wou'd even be better, I think, 
than discharging them uniformly, no matter what the 
rainfall or the flow of the burn may be; so far as fish is 
concerned, I know that is what I should desire. 


26773. (Chairman.) Are these waste materials in- 
jurious to fish ?—Oh, yes. I think the most injurious 
of all is tte barley steep water. I made experiments on 
fish eggs. 


26774. Can you make a statement of those experi- 
meats ?—Well, it is so long ago that I have not the details 
of them, but I can state them, roughly speaking. 


26775. We have been told of an experiment by Dr. 
Readman in which he exposed a couple of trout to the 
effluent itself; that is to say to the steep water, the 
wash water, and the spent lees, joined together, simply 
passed through a sand and gravel filter, a continuous: 
sand and gravel filter. That effluent was carried into 
a tank and two trout were placed in the tank and left 
there for a week. One died on the sixth day, and the 
other was in perfect health on the seventh day in the 
actual effluent itself. Does that correspond with your 
own experience ?—Not quite; I made certain experi- 
ments with the view of giving evidence in the Macallan 
case. 

26776, May I ask this question first of all: is there 
anything in these effluents which is actually noxious to 
the fish themselves, or do they become noxious to the 
fish because they give rise to the formation of fungus ?— 
Weil, they become noxious to the fish in the first place 
from the want of oxygen in them. 


26777. But then if you are discharging these in ade- 
quate quantity into the stream, would they so reduce 
the oxygen of the stream as to any have effect upon 
the fish life ?—Not in a large body of water. But with 
reference to the fungus, what happens is that when 
the fungus becomes loose it gets entrapped in the gills. I 
experimented with gold fish and found this—that the gills 
got blocked up and a process of inflammation was set up 
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Mr. John H. 0d the fish died. But with reference to the. effluents 


Fullarton. % themselves, 


I have experimented with al! of them and J 


M-A., D.Sc. cannot say w ith what result at this moment, but I remember 


that the b barley steep water was the most poisonous of the 
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26778.. But. to what extent was it poisonous ?—If 
you put in, for example, a.parr, which is the young of the 
salmon or salmon kind, within a very few seconds it 
was. dead. 

26779. That is to say into the untreated waters ?— 
Into the untreated waters and the barley steep. 

26780. As it is coming from the barley ?—Coming 
from the barley, that is. so. 

26781. (Sir William Ramsay.) Is it due to the-want of 
oxygen in the barley steep water ?—I do not think:so, 
because for example the old fish does. not die. anything 
like so, quickly in. the effluent. without oxygen. I do not 
think that the want of oxygen would kill it so quickly ;. 
I do not know whether it was even in consequence 
that it was killed; it was more like an active poison ; 
what the poison is I do not know. 

26782. (Chairman.) Would that poison survive. after 
the effluent had been ‘treated in various ways, do -you 
think ?—I think it would’ be quite possible to SS sare 
the poison: somehow. or other. 

25783. You cannot give us any very exact statouvenee 
about that save that-you remember ?—About the barley 
steep ? 

26784. Hor instance, you did not oxygenate the steep 
water and then see ?—Oh, no; of course, there were 
various other experiments, but. that. was with the two 
fluids, to ascertain which had the most deleterious .in- 
fluence. 

26785.. This. striking, experiment of . Dr. Readman, 
these trout. living apparently for a whole week, in the 
undiluted effluent ?—In the one effluent or the mixture ? 

26786.. The mixture ?—Yes. 

26787. Toe volume.of water in the steep water is 


greater than any other than the wash water and certainly 


than the spent lees; ‘in the spent lees it is very small ?— 
In the spent lees it is very small. I do not know what 
factor youallow, but it is something like 123 to 15 gallons 
ale per bushel malted. 

26788. 1 was asking what was the relative proportion 
of. the washings to the steep water ?—Well; I am afraid 
that you cannot strike any figure for barley steep water. 


26789. Here it is, 12,000 gallons of barley steep to 
6,000; it is about twice the volume, and the steepwater 
is about twice that of the washings ?—Well, it is some- 
times nearer twenty times, because in steeping barley 
they.sometimes retain the water; in other cases they 


simply allow the water to run right through. 


26790, (Sir William Ramsay.) Then, of course, you get a 


larger, volume ?—It quite depends on the mothod of 


steep:ng. 

26791, In. Dr,. Readman’s experiment. it is only ‘fair 
to say-it was run through ?—Well, you never can_ tell 
in, that,case the.exact amount, J have seen a very: very 
strong stream going through, and. I have seen it, without 
any stream. 4 

‘26792. (Chairman.) Is this fungus a single fineus or » 
more than one species ?—The one I saw was, Le}4omitus, . 
or Apodea lactea, the same species; with adie. ent 
generic name. Itvis one of those. white fungi. 


26793. It is one fungus ?—It is one fungus; that is 
the only fangus I examined ; that is the chief oae. 


26794. (Str William Ramsay.) Is it the only one 
found ?—-No, I think there is another one—Leptothrix. 

26795. (Chairman.) That is the important one ; the 
other isin smaller quantity, under or mary circumstances’ : 
-— Yes, fee 


26796. I suppose the spores are in the barley ‘ ?-—That 
is assumed so. 

26797. Do,you. know anything about what are the.con- 
ditions .which determine its growth 2?—Well, not except 
the ordinary conditions of moisture, certain. Aemaporatires 
light, and what not. 

26798. It has been stated to us oh one occasion that 
the presence of phosphate is necessary for its existence. 
Do you know of any accurate observation as to that ?— 


EVIDENCE; 


I know none whatever. -I.only examined it fromthe: 
standpoint of fish ; not chemically at all. We use chemis-, 
try as a handmaid. 


26799. Then briefly, these various refuse of which we 
are speaking, the steep water and.the wash water and the 
spent lees,;which are very. small, ‘might te discharged” 
into the stream without any injury to the fish provided” 
that there is a due proportion observed ‘between ‘the 
quantity discharged at any moment and ‘the quantity: 
of water into, which it is discharged ?—Yes, quite so ; it 
will not be very deleterious if you bags an enormous 
volume of water, 


26800. (Sir, William Ramsay.) Heyer you fished in the 
Spey ?—Yes, I have. 

26801. Do you notice that iene is naxtotietivctisila 
between, what it is now and what it used to’/be ?2—I have> 
not fished in it to.that extent. , I know the allegation on” 
one side and the other, but one does not: always: ets 
what one side or the other says. 

26802. How is one to know what is thé truth of it? Is" 
there much of this fungus growing ?—When I examined 
it in 1898, and one or two years after, we had certain 
places immediately below small pools, at: Ringoom and’ 
Bogandine receiving effluents from the distillery, anda 
fairish’ quantity remained there. ‘It ‘can’ be kept quite’ 
clean when the distilleries shut down, but I have seen the’! 
Fiddich for over a mile clothed from bank to bank with © 
fungus. 

26803. What is the Fiddich ?—It’ is a little stream 
that goes into the Spey at Craigellachie, and there are 
about seven or eight distilleries on it. I have seen it” 
clothed for months from bank to bank with fungus. 


26804. (Colonel Harding.) When . was that ?—1899_. 
and 1900. 


26805. (Sir Walliam Ramsay.) a there been any ‘ 
improvement in the Ficdich since ?—1 have not seen the 
Fiddich for some years. I have no doubt there is an, 
improvement, but I cannot say. 


26806. In your experiments on the destruction of ‘fish ‘ 
by the fungus, did you expose them to the fungus, or 
were they put into the river, or how ?—I put the fungus in _ 
Loch Katrine water in a laboratory in Glasgow along 
with goldfish. 


26807. (Chairman.) In regard to these experiments i 
with fish, you have your notes at home 1—Yes. 


26808. Can you get them ?—If I can get:my precogni- 
tion as given to the agents in the case 1 could give you — 
all the information ;:I do:not know whether I have the- 
notes handy or not. 

26809. When you correct your. evidence, perhaps you : 
will put in as-an appendix seme exact statement i—If i : 
can get the proof from the pursuers’ agents. 

26810. It will be an advantage to us to have your. 
exact experience ?—Yes. 

26811. (Sir William, Ramsay.) .Do.fish spawn-in the. 3 
Fiddich, for example ?—Yes, ; 

26812. Does the presence .of. this eons! destady ‘chosen 3 
eggs, or does it destroy the young fish ?—The only» 
destruction I could find was of the fish bhemeekvesa| elt 
gets into their gills and round their gilla.. contact wid veel 

26813. It is mechanical.?—It. has a mechanical effect” ~ 


26814. I romember we were‘told the fish do not’come 


' up. to spawn: as-usual for several reasons. “First, they ° 


know. it is:a dangerous place-and avoid it; and. Me 
they feed.at the mouth of the Spey, and. theys get out of © 
the habit.of coming up to. spawn... But it-has-béen said”. 
that they do not come up to spawn inthe way-that they! 
used to. ?—Well, Ido not know., .You will get very, eae 


. statistics in Macgregor’s reports .to the, .Fishery.. Board, 


part 2.. He counts, what he calls spawning. beds.in AR ~ 
tributary of the Spey as.seen by his watchers, and 1 think . 
they will give you a very good index whether there.are . 
fewer beds or not in the Fiddich than usual. 


26815. But you do not. happen, to bee ; as do not... 
happen to know. 
fishing and netting and that sort of thing. The Duke of 
Richmond has taken off several miles of nets about Orton, 
and that ought to improve matters, 


26816. Does the scum on the river do- any harm — 
Yes, it is quite possible. There is a pool, which is below . 


I. know...the..allegation. about the 


anda 
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Macallan Distillery, at the tunnel, wh’ch is tetween Cra‘gel- 
lachie and Aberlour, and while the ale was being discharged 
into the river there was always a great quantity, perhaps 
six inches thick of frothy scum, which is very much like 


this moment; it was continuously forced through; it came Mr. John H. 
out from this and went into a smaller pipe, a three-quarter Fullarton, 
inch pipe, I think ; then it was discharged into the chimney V.A., D.Sc. 


after going through a rotary motion at the nozzle. 98 Fis 1906. 


what you see on the coast when a heavy sea has been 
beating on the shore, where there is plenty of seaweed. 
I presume it is due to the albumen. 


26817. But does it do any special harm ?—Oh, you 
cannot fish the place. 


26818. While the scum is there it is not perpetually 
there; only when they turn out pot ale or one of the 
' ‘products ?—It-was there’ continually in 1898 when I ex- 

amined before the distillers did anything towards dealing 
with the effluents. ’ 


26819. Youare sure it isconnected with the distilleries ? 
—TI never saw any fallacy in the argument which led 
one to that conclusion. You only get it where you 
get albumen or some such material coming in and you 
only get it below those discharges ; it is lost, quite lost, 
after you get down stream. 


- 26820. (Charrman.) Mr. Macgregor’s report are reports 
to the Fishery Board ?—They are reports to the Fishery 
Board. POI 

_ 26821. Ordered by the Fishery Board; he is their 
inspector, I suppose ?—No, he is not; he is the inspector 
of the Spey District Fishery Board and the Salmon In- 
spector asks for reports and he only gets them by favour. 
He year by year reports on the condition of the fishing 
of ‘the Spey.: %/2:/> ' 

_ 26822. Who are the Spey Fishery Board ?—The pro- 
prietors of salmon fishing on the Spey, with the Duke of 
Richmond as Cha‘rman as the largest proprietor. 


26823. They alone form the board ?—Yes, they form 
alone the board. 


26824. There is no other representative on it only the 
riparian owners ?—Only the riparian owners. 


26825. (Sir William. Ramsay.) To come back to your 
process, how did you manage to get this potale into the 
chimney. Was it dammed up ?—The potale ran from the 
large still to the ale tank, where they had a Worthington 
pump, and we filtered it. Of course, we could only in 
such a short time make use-of the plant which they 
had ; theirs was a very old ale tank; after being in the tank 
we got most of the material in suspension out and it was 
driven then by force through those’coils, about eighty to 
100 feet- long of -copper,—solid drawn copper coil—two 
and a-half inches I think it was in diameter ; I cannot say at 
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‘they had twenty-four openings 


26826. Discharged at a higher point in the chimney ? 
About six feet, if I remember rightly, above the top cf 
the flue and it was discharged, in theform of fine rain, like 
Scotch mist, 


26827. Yes, quite, these coils were heated by the waste 
heat of the flue ?—The waste heat, yes. 


- 26828. Were there any obstructions in the coils; did 
they admit of blocking ?—No, there were coils in there 
before we went; they were very amateurish indeed ; 
to the air, I think; 
I forget: how many ; twenty-four openings discharging the 
steam with the result that the coils became coated inside 
in a very few days and then they were burned. We tried to 
prevent that by keeping the liquid in motion, to prevent 
it becoming gaseous, until it got into the hot part of 
the stack. It must be maintained as a liquid under 
great pressure or great. heat,-and then of. course once 
it gets exit at the point of the stalk it at once becomes 
gaseous. 


26829. Was there anything to show that the chimney 
became coated over with deposit ?—Yes, the chimney 


did become coated over with a deposit slowly as it, 


impinged on the inner wall as it went up; if I remem- 
ber rightly the particular size of nozzle we had could 
discharge it at about sixty pounds pressure, fifteen feet 
in a ver ical direction. It impinged on the sides, and 
there was a tarry-like material on the sides very soon ; 
when the chimney was sufficiently hot and sufficiently dry 
this took fire. 


26830. That is how they got rid of it; the mineral 
matter must have fallén’to the bottom’; I suppose it 


' would be very small ?—A very small quantity. 


26831. There is a phrase which caught my eye which 
I think we might ask about: the difficulty of combatting 
trickery of distillery servants at Speyside ?—I have been 
acting on both sides, and I am very sorry to say trickery 
is not confined to one distillery. They put in private 
pipes and humbug the watchers till they are caught. 


26832. Is it not possible for the owners of distilleries, 
who we presume are perfectly honest, to guard against 
that ?—If they dug up every pipe; but it is impossible 
unless they take up every pipe to see the connections 
just as the excise officers see them. 


MR. FULLARTON’S EVIDENCE. 


EXPERIMENTS TO DETERMINE THE EFFECTS OF DISTILLERY EFFLUENTS, VILLAGE SEWAGE AND VARIOUS WATERS 
FROM STREAMS ON FisH LIFE. 


1. Ejfluents filtered through gravel and sand for about 50 feet verticelly and £0 yards horizontally. 


The Hffluents 


comprised Barley Steep Water, Burnt Ale, Spent Lees, Washings of Vats produced -at a Distillery along with 


ordinary rain water. 





——— = 














Date. Fish. Result. 
1898, December 13-' =|; Minnow” - - ~ - - | Died in 8 minutes. 
Dae ” 15 - - | Parr - : = = = : fy 2 ” 
br ekiate Hina alor - | River Trout - - - - rr aad " 
3 5 22 - - | Salmon Eggs - = : » » less than 2$ hours. 
a »  24-  -| Salmon Alevin - - | - — -/| Heart’s action slowed in 7 minutes and ceased in 
‘ 40 minutes. 
a ba 25 - - is A; te eae - | Heart’s action slowed in 7 minutes and ceased in 
23 minutes. 
. » 4. 25: s - | Spey Trout - + = + | Lay on side in 3 minutes; all movement ceased in 
: 25 minutes, 
oe 4 25 - - | Salmon Alevin - - - - | Heart’s action slowed in 6 minutes and ceased in 33 
minutes. 
a Seo - = | Spey Trout - ,- ¢- =| Dead in 3 hours. 
_ % 27 - - | Clean Male Salmon, weighing 6}°| Lay on side in 4 minutes; ‘all movement’ ceased irr 
lbs. 28 minutes, 
i - 27 - - | Clean Female Salmon, weighing | Lay on side in 3} minutes; all movement ceased 
64 lbs. in 22 minutes. - 
= za 28 - - | Male Salmon direct from Sea, | Lay on side in 2 minutes; all movement ceased in 
weighing 6 lbs. 9 minutes. 
“ »  28-  -| Male Kelt Salmon, weighing 15 | Lay on side in 3 minutes; all movement ceased in 
lbs. 12 minutes. 
1899, January 12 - -|Salmon Parr -~ - - - | On side in 2? minutes ;_ died in 13} minutes. 


2. Similar Effluents treated with Milk of Lime and filtered. 


1891, December 28- — - | Salmon Alevin - -  - 


- Dead in 4 hours, 


S 


NR A 


Date. 


MINUTES OF EVIDENCE : 
3. Liquid By2-prod.«cts from Distillery. 


(1) Burnt Ale. 





Fish. Result. 








1898, December 22 - - 


23 - - 
25 - - 
1899, January 10 - - 


” ” 


13- - 


” ” 


1898, December 22 - - 
23 - - 
25 - - 
1898, J anuary 10 - - 


” ” 


13 - - 


1998, December 28- —- 


1899, January 10- - 
13 - = 


3 ” 


1899, January 11 - - 
12 - - 


” ” 


1898, December 22 - + 


i 28 - - 
1899, January 10 - - 


“ 5. Water of Tatil Rac 


1898, December 22 - : 
” 0 23 a a= 
1899, January8 -~— - 


6. Water from Stream above Point of Discharge of Distillery Efluents into it. 


1899, January 8° - - 


Died in less than an hour, as determined by opales- 
cence. Embryo inside egg dead sooner. 

Ditto. 

Died in 10 minutes. 

Turned on its side in 34 minutes. 
ceased in 26 minutes. 


Salmon Eggs” - - - - 


Ditto - awit a e - 
Salmon Aleoin 
Salmon Parr 2 2 2 A 


Ditto- -  -  -. - _ -{| Turned on its side in 24 minutes. All movements 
(Ale stood in vessel in air for ceased in 43 minutes, 
3 days.) 


(2) Spent Lees. 


Died in less than 1 hour, 

Ditto. 

Died in 18 minutes. ; 

Exhibited nervous twitchings of head at once, then 
turned on its side in 5 minutes, and all move- 
ments ceased in 42 minutes. 


Salmon Eggs” - . - - 
Ditto - - - - - ~ 
Salmon Aleoin 
Salmon Parr - - - - 





Ditto- - - _-| Turned on its side in 23 minutes. Movements 
(Lees stood in vessel in air for entirely ceased in 2 hours. 
3 days.) 
(3) Mizture of Burnt Ale and Spent Lees. 
Spey Trout - -  -  -| First placed in village of Aberlour sewege for 6 


hours, where it was quite lively and apparently 
healthy, then in above mixture, when it died in 
13 minutes. 


(4) Barley Steep Water. 


Turned on side in 14 minutes. 
ceased in 13 minutes. 

Turned on side in 4 minute. 
ceased in less than 1 minute. 


Salmon Parr - -. - : ~All movements 


Ditto - - - - All movements 
(Stood for 3 days in open 


vessel in air.) 


(5) Washings of Vats. 


Died in 17 hours. 
Lay on side in 1 hour. 
1} hours. 


Salmon Parr a - - 2 
Ditto - - - - 
(First washitigs onlge ) 


All movements ceased in 


4. Sewage, Domestic, from Village of Aberlour. 


Began to be hatched on 28rd. All hatched by 27th, 
and Alovins continued healthy. 

Healthy till taken from liquid in 6 hours, when 
placed in mixture of burnt ale and spent lees, 
where it died in 13 minutes. 

Healthy at end of experiment, viz., 3 days after- 
wards. 


Salmon’ Hggs 9-9 = "= “= 


Spey Trout- — - - - - 
Salmon Parr = 


e (said to contain no Distillery Byz-products, except very Dilute Barley Steep Water). 


Died in less than 4 hours. 

Ditto. 

Turned on side in 2 hours 55 minutes, and 
20 minutes thereafter all movements ceased. 


Salmon Eggs - - - - 
Ditto - - . - - - 
Salmon Parr - = 
(To water was added anal 
quantity of Fungus. Apodea 
lacteas.) 


in 





(No Fungus in Water.) 


Fish perfectly at ease, with gill-covers and fins 
moving in normal rhythm. Remained there for 
26 hour s, when experiment ceased. 


Salmon Parr = a bs 





7. Water from same Stream €O0 yards below Entrance of Distillery Effiuents into it, but without other aaditioncl 


1899, January 8 © - . 
A 9 


” 


Lijjiuents entering it. (Fungus present in Water.) 


Turned on its side in 19 hours ; died in 22 hours, 
Sick in 24 hours ; died in 63 hours. 


Salmon Parr S - - ~ 

Salmon Parr = = = E 

(After water had remained 29 
hours in vessel open to air.) 


8. Spey Water, 10 yards below Entrance of Stream, Carrying Distillery Effiuents, with a small quantity of Fungus 


1899, January 12 - - 





coating a Stone placed in it. 


Died in 6 hours. Fungus was entrapped in the gills. 
Living 24 hours afterwards, 


Salmon Parr - - - - 

River Trout - - . - 

(Water from same place, but 
Avithout Fungus.) 





All movements ~ 


| 
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EIGHTY-FIFTH DAY. 


Thursday, 8th February, 1906. 


PRESENT. 
The Right Hon. The Eart of Ipprsie1GH (Chairman), 


Sir MicnHarnt Foster, K.C.B., F.R.S. 
Major-General CoNSTANTINE Purprs Carky, C.B., B.E. 
Colonel T. W. Harprine, J.P., D.L. 


presiding. 
Sir WittramM Ramsay, K.C.B., F.RB.S. 
Mr. W. H. Power, C.B., F.B.S. 


Mr. F. J. Writs (Secretary). 


ALSO PRESENT. 


Dr. A. C. Houston. 
Dr. Grorce McGowan. 


Mr. JAMes Henprick, BSc., F.I.C., called in; 


26833. (Sir Michael Foster.) Mr. Hendrick, you are a 
Bachelor of Science, University of London; a Member of 
the Council of the Institute of Chemistry; the Lecturer 
in Agricultural Chemistry, University of Aberdeen; the 
Chemist to the Highland and Agricultural Society of 
Scotland; and the Public Analyst for the Counties cf 
Aberdeen, Banff, and Nairn ?—Yes. 


26834. For several years you have paid very close 
attention to the distilling industry and its products ?— 
That is so. 


26835. You have been kind enough to put in a memor- 
andum. Would you be willing that that should be 
printed ?—That statement is a mere sketch and I hope 
to supplement it considerably now. : 


26836. Perhaps it is rather too imperfect to put in as 
it is now, you think ?—Yes; but 1 have prepared a con- 
siderable number of tables which give analyses of effluents 

and bye-products, and I shall be glad to put these in. 


26837. The elements which may cause pollution are, 
first, burnt ale or pot ale; then spent lees; then steep 
water; and, finally, wash-up water ?—Together with 
general sewage. 


26838. I believe you can put in analyses of these 
various effluents ?—Yes. I have ‘prepared tables cf 
analysis of all these effluents. 


26839. I think the Commission would desire that ycu 
should put them in as evidence ?—I shall be pleased to 
do so. (Appendix I.) 


26840. The first, and perhaps the most important, in 
one sense, of these pollutions is the burnt ale ?—Yes ; 
it is more important than any of the others, both in its 
polluting power, and in its value as a substance from 
which by-products may be recovered. 


26841. You have paid considerable attention to the 
composition of burnt ale, have you not ?—Yes, I have 
made some investigations into the composition of burnt 
ale. . 


26842. It contains a very large quantity of nitrogenous 
matter, and also of non-nitrogenous matter, does it not ? 
—That is so. It-is a very concentrated effluent to be 
allowed to escape into rivers. The late Sir Edward 
Frankland pointed out as far back as 1868 in a report to 
the then Royal Commission on the Pollution of Rivers, 
that it contains about thirty times as large a proportion of 
polluting material in solution and suspension as ordinary 
sewage. I should be inclined to say from my analyses 
that it is from thirty to fifty times as great in polluting 
power as average town sewage. (See Appendix I. Tables 
I and IL.) 


26843. Have you made any study as to what the various 
nitrogenous matters are ?—I have, to some extent, and I 
have a statement here of the nitrogenous matters in 
two samples of burnt ale of which I made a more detailed 
study. I must say that I failed to identify a very large 
portion of the nitrogenous matters by any of the ordinary 
means of separation. (See Appendix I., Table VIII.) 
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Mr. G. B. Kersuaw. 
Mr. C. GC. Pryn. 


and Examined. 


26844. I take it that it is a very complex substance ?— 
It is a very complex substance indeed, containing nitro- 


Mr. James 
Hendrick, 


genous matter in all stages from proteids down to am- B.Sc., F.I.C. 


monium compounds. 


26845. Would you briefly state a few of the more im- 
portant nitrogenous substances that you could recognise 
as constituents of this burnt ale ?—I will take a particular 
sample of btrnt ale concentrated to syrup which had 
almost 2 per cent. of nitrogen. 


26846. It had been artifically concentrated ?—Yes, it 
had been artifically concentrated after being filtered. 
Proteids, which were salted out by zinc sulphate, repre- 
sented 0°65 per cent. of nitrogen of the total 1-99 per cent. 


26847. They would be what kind of proteids ?—They 
seemed to be very complicated ; and I did not attempt 
to identify individual proteids. Some experiments 
which I made in their precipitation by various re-agents 
appeared to indicate that they formed a complicated 
mixture. (AppendixI.) Similarly, peptones, precipitated 
by phospho-tungstic acid from the solution from which the 
proteids had already been removed 0° 19 per cent. of nitro- 
gen; then amido compounds 0°14 per cent., and ammonium 
compounds 0°15 per cent. But that still left in undeter- 
mined compounds, by difference, 0° 86 per cent. I may say 
in this particular solution I used a number of different 
methods of precipitation, both for proteids and for de- 
termining peptones and other classes of nitrogenous 
substances, and found that every agent I used produced a 
different result. If I precipitated first with phospho- 
tungstic acid and afterwards with tannic acid I would 
get one set of results, while if I used the same reagents 
proceeding in the opposite direction different results were 
obtained. I arrived at the conclusion that we had a 
very complicated mixture of proteids and of their decom- 
position products in all stages of disintegration (Appendix 
1.) 


26848. From what we may call the natural proteid 
right down to very simple ammonium compounds ?— 
Down to very simple ammonium compounds. One could 
hardly draw a line anywhere and say there was so much 
of one and so much of another compound present, because 
we were dealing with compounds undergoing disintegra- 
tion and representing all degrees of molecular complexity. 


26849. And carbohydrates are in considerable quan- 
tity ?—Yes, there are carbohydrates in considerable 
quantity, apparently chiefly as dextrin. 


26850. Chiefly dextrin ?—Chiefly dextrin. I conclude 
that irom the fact that after the removal of the proteids, 
alcohol gives with burnt ale a gummy precipitate, which 
dissolves readily in water and is strongly dextro-rotary. 
On hydrolysis with mineral acids the dextro-rotation 
diminishes, and the copper reducing power increases. 


26851. Is there a great variety of dextrins ?—I take it 
there is a great variety o1 dextrins. There is no starch, 
and the sugar is practically a very small quantity. 


26852. A small quartity of sugar ?—A small quantity 
of sugar. 
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26853. What kinds of sugar ?—I did not identity them. 
But I made some determinations of the cupric-reducing 
power of samples of burnt ale from which proteids had 
been removed, and came to the conclusion that a small 
quantity of a reducing sugar was present. f also esti- 
mated that the total carbohydrates in solution were 
about 4 per cent. of the burnt ale. 

26854. You speak of the pot-ale as decomposing very 
slowly. Of course the pot-ale that comes from the pot or 
still contains no living organisms whatever ?—No; it 
is free from organisms. 

26855. But you say that even when it is exposed to the 
action of decomposing organisms it resists decompositon 
largely ?—Yes. Comparatively speaking, it decomposes 
slowly. I came to that conclusion taking samples and 
patting them into vessels which h:d already contained 
decomposed samples and which were contaminated with 
the organisms which cause decomposition. In the experi- 
ments in question I was imitating on a small. scale the 
septic tank, and I found that as compared with ordinary 
sewage the decomposition of burnt ale was comparatively 
slow. But that, 1 take it, might be anticipated from the 
much greater concentration and from the chemical 
composition of burnt ale. 


26856. You have not made any observations with a 
very diluted pot-ale ?—No. The burnt ale with which 
1 worked was only diluted with proportional quantities 
of lees, steep water, etc., to represent the total effluents 
of a distillery. 


26857. The probability is that if it were diluted it would 
rapidly fall a prey to the decomposing organisms ?—I have 
no doubt it would. But there would be more difficulty 
than in the case of urine, which Liwas taking asa standard 
substance which forms a large portion of the. polluting 
matter of ordinary sewage. Urine will undergo change 
to afimonium compounds without any necessary supply 
of oxygen, whereas in pot-ale there is very little nitro- 
genous matter which would not reyuire oxidation to 
break up the molecule and produce simple compounds 
like ammonium compounds. 


26358. What makes you think so, not having accurate 
knowledge of whatits- constituents are ?—I conclude, trom 
what I did, that the nitrogenous constituents are of a 
much more complicated nature than urea, and so far as we 
know, compounds like proteids and the more complicated 
products of their breakdown. require some oxida- 
tion or else complicated anaerobic changes, producing 
a variety of products, before they yield simple inorganic 
compounds. 


26859. The decomposition which you might expect 
would not be so simple as that of urea ?—A very large 
part of the nitrogenous matter of ordinary sewage is 
derived from urea. 


26860. But from its very varied constitution this pot- 
ale would seem to present a very suitable pabulum or 
medium ?—I. did not mean to convey at all that it 
is not a suitable medium for the growth of organisms, 
and if I have done so I wish to correct such a false im- 
pression at once. If you introduce organisms into it 
it decays rapidly. What I had in my mind was 
a comparison with sewage, and especially with the urine 
of sewage, where the change to ammonium compounds 
takes place so very easily. 

26861. So that supposing there were organisms present 
in the place to which this pot-ale was discharged, especi- 
ally if the pot-ale is- very largely diluted, you would 
expect a very considerable quantity of decomposition? 
—Exactly ; complete decomposition, if the conditions 
are favourable. 

26862. And therefore no nuisance ?— And no nuisance. 
I hope to deal with that further on. 


26863. Then the steep water.. That varies in quantity, 
does it not, according to the method adopted in steeping ? 
— Yes, according to the method: adopted in © steeping. 
When I first came into contact with this question, all, or 
nearly all, the distilleries steeped. by using two steeps 
or three stzeps. The first steep water was always much 
the dirtiest and the most liable to decomposition; the 
second was less so, and the third’ was almost clear water. 
But now some ‘distilleries, at any rate, use continuous 
washing with water. There is a great quantity of water 
used, but the water itself is less polluted. 


MINUTES OF EVIDENCE ¢ 


26864. That.is per unit of water ?— Per unit of water 
Some of the samples that I have analysed of the con- 
tinuously running water show hardly any difference 
from ordinary running water, except that at the very 
start of the steeping there is a little pollution. 


26865. But if the whole of that steep water is collected, 
the whole mass represents very considerable pollution ?— 
Yes. The first steep water may represent a very con- 
siderable amount of pollution, especially in the case cf 
foreign barley. In one analysis which I have here 
the total solids from American barley were 0°493 grms. 
per 100 c.c. From another, also foreign barley, they were 
only 0:066, and from another, a home barley, they were 
0°0092. Those figures show a very great variation in the 
amount of solid matter which may be present in the steep 
waters from different barleys. (See Appendix I., Table V.} 


26866. Will you put in those analyses ?—Yes. 


26867. Then steep water, mm contradistinction to pot- 
ale, does contain a very large number of organisms ?— 
Yes, a very large number. It contains a very large 
number of fungoid organisms, derived from the barley, 
I presume. One generally finds that it undergoes decay 
rapidly, and the more polluted samples which very soon 
decay are filled with fungoid growths. 


26868. Is it probable that the spores of the fungus— 
the Leptomitus—comes very largely from this steep 
water, do you think ?—I am not able to say. 


26869. Have you studied that fungus at all ?—I have 
merely recognised it nearly everywhere where there was 
distillery pollution, but I have not studied its life-history. 


26870. You have not formed any opinion as to whether 
the spores are yery widespread ?—No; except that 
I have found it everywhere where there is distillery 
pollution. 


26871. But where there is distillery pollution there is 
probably steep water being discharged ?—That is so. 


26872. It is at least possible that that steep water 
contains a large quantity of the spores of the fungus ?— 
Yes. 


26873. Which, meeting with a proper element, more 
especially the polluted pot-ale, thrive to a very large 
extent ?—That is so. I examined one particular sample 
of steep water after allowing it to settle in order to tind 
out whether there was Leptomitus present, andI did 
not find it. I found a variety of other organisms, but 
nothing which I could recognise as Leptomitus. I may not 
have been giving it the proper conditions for growth—very 
probably not. 


26874. Then as to the methods of disposal of these 
various effluents. They have been and still are—at any 
rate, pot-ale is to a certain extent—used as a food for 
cattle ?—That is so. It is still used just round dis- 
tilleries as a food for cattle. But the difficulty arises 
when the distilleries become large or increase in number 
in a limited area, The whole of the burnt ale cannot 
then be disyosed of as food for cattle. At one 
time it was considerably used as a food for pigs. 
Some of the distilleries had large piggeries about the 
distilleries themselves, and considerable quantities of pot- 
ale were used. But the use of it for such purposes is 
limited; it does not contain a large enough percentage of 
nutrients, and-it is very séur. 

26875. And have these piggeries been given up ?— 
Yes; so far as I know, almost entirely. - 

26876. Do you know why ?—No, I do not. 

26877. But where it can be so used it is a very useful 
food, is it not ?—Up to a certain point. There is scme 
difference of opinion upon that point. Most of thcse 
in the neighbourhood of distilleries who use it for cattle 
think that it is a useful food ; on the other hand, a number 
of those who have tried it hold rather a different opinion. 
I know one gentleman in particular, a well-known farmer, 
who made some quite independent experiments with it, 
and came to the conclusion that it was rather harmful than 
useful. 

26878. It is very acid, is it not ?—Very acid. 


26879. And that perhaps is a drawback ?—That is 
drawback no doubt. I think myself, judging from its 
composition and from the account given of it by verious 
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evaporation is that you cannot reduce burnt ale to a Mr. James 
dry mass; it simply becomes a sticky paste, and mere Hendrick, 

evaporation by economical modern machinery will not B.Sc. F.I.C. 
take us further than a syrup. The use of such a syrup 


persons who have used it, that it may have some sort 
of tonic and appetising properties. Just as certain 
meat extracts which contain a number of the breakdown 
products of proteid are tonic in their properties with 
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human beings, or are held to be so, possibly it may have 
some properties of that kind with regard to animals. 


26880. This pot-ale has a certain analogy with meat 
extracts, plus additional carbohydrates ?—Plus a con- 
siderable amount of acid, which I take it is largely lactic 
acid, 


26881. Probably there are also a large number of 
acids ?7—There are other acids present undoubtedly 
but I satisfied myself that there was a considerable 
amount of lactic acid at any ra‘e. 


26882. (Sir William Ramsay.) Do pigs like to eat 
it ?—They take it quite readily, and so do cattle, but 
I think it is a mistake from the cattle point of view to 
attempt, as some distilleries did, to make cattle consume 
very large quantities. Even if it were fed lukewarm, so 
that there was no great waste of heat, it would be un- 
economical, if net injurious, to pass a great. excess of 
liquid through the animal. It would cause excessive 
excretion of urine, and excessive nitrogenous waste. 


26833. (Sir Michael Foster.) Then, its use asa manure is 
also limited by circumstances ?—Yes. Its use as a manure 
has started only comparatively recently, while its use as 
food is older. They apparently used it as food right 
back in the days when distilleries were very small, and 
they were able to dispose of the whole of it in that way. 
But I cannot find any evidence of its use as manure until 
comparatively recently, and there is still a very strong 
prejudice against its useas manure. There is a common 
idea that it sours and destroys the land, causes growth of 
fungus, and so forth. I take it that such opinions are 
derived from the fact that where it has been used it has 
generally been applied in excessive quantity. 


26884. It has been used chiefly as a top dressing, 
hos it not ?—Yes. 


26885. (Mr. Power.) Has it been ploughed in at all? 
—TI have seen it placed on ploughed land. In one case 
they ran it through pipes and carried it over a considerable 
area of land, both ploughed and grass land. 


26886. On the surface of the ploughed land ?—Yes. 
on the surface. 


26887. (Sir Michael Foster.) But it has not been 
ploughed in ?—No, that is not necessary as it would 
natur ly sink in and distribute itself through the soil. 


26888. (Mr. Power.) It has not been covered in after 
distribution on the surface ?—No. Iam of opinion that, 
generally speaking, distribution on the surface would be 
the most effective means of applying it to the land. 
Tnen its manurial constituents would be retained by 
the soil naturally. 


26889. (Sir Michael Foster.) But it has a much greater 
analogy with farmyard manures than with the ordinary 
m2nufactured manures, phosphates, and so on. The 
usual method of using farmyard manure is to put it 
on the land and plough it in ?—Yes—but of course 
agricultural practice varies greatly as to methods of 
applying farmyard manure. 


26890. But a very large quantity of farmyard manure 
is so used; it is put on the land and ploughed in ?—Yes. 
Farmyard manure, however, is mainly insoluble solid 
and requires to be mechanically mixed with the soil, 
while burnt ale is liquid, and will distribute itself. 


26891. May one say that there has not been any very 
large amount of actual observation as to the proper 
way of using this pot-ale as manure ?—That is the case. 
There have been very few careful observations. I have 
endeavoured, in some cases, to get accurate observations 
made, but so far I have not succeeded in getting reliable 
experiments carried out. 


26892. Another method of treatment is by evaporation, 
is it not ?—Yes. 

26893. Either by simple evaporation, the reduction 
of the fluid toa mere syrupy condition, or evaporation 
followed by a»process of drying, or what we may call 
torrefaction ?—Yes. 

263894. Have you any statement to make with regard 
to those methods ?—The difficulty with regard to simple 
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as manure would be very limited indeed, while for use as 
a food stuff it has the great disadvantage of containing 
a large percentage of acid. The percentage of acid, 
calculated as lactic acid, that I found in various s.1mples, 
averaged about 10; the total non-volatile matters of 
the syrup would average 45 per cent. 45 per cent. of 
nor-volatile matters with about 10 per cent. of lactic 
acid means a liquid so very sour as greatly to limit its 
applicability as a food stuff. (Appendix II. Table I.) 


26895. When the evaporation is followed by this pro- 
cess of torrefaction, by which the material is brought into 
a pulverisable condition, fairly dry—what have you to say 
about it in that case ?—It is capable of use for manurial 
purposes, and is, suitable for carriage and distribution 
through o:dinary trade channels. 


26896. And it has a very considerable value for manurial 
purposes, has it not ?—Yes. But a great disadvantage 
of the processes at present in use is that in torrefying or 
igniting it sufficiently to bring it into a pulverisable 


condition you lo3e nitrogen which, from a manurial point 


of view, is the most valuable constituent present. I 
have here a series of analyses of various products. 


26897. You will put those. in?—Yes. These are 
analyses of products which have been prepared with the 
idea of putting them upon the market as manures, 
and the amount of nitrogen in them varies according to 
the extent to which they have been burnt.. One sample 
contains under | per cent.— 0°32 per cent. (Appendix IT. 
Table IV.) 


26898. From what distillery material was that sample ? 
—It was a Longmorn distillery sample. 


26899. The samples you had from Tamdhu Distillery 
did they give you much less of nitrogen ?—They contained 
a considerable percentage of nitrogen. . But I have not in 
this paper distinguished the distilleries from which they 
samples came. In some cases- I do not know where 
they were from. 


26900. (Sir William Ramsay.) What. is the highest 
percentage ?—Over 8 per cent. The highest percentage 
I have here is 8°11. . 


26901. That nitrogen is lost during the process of 
torrefaction ?—There is no loss during evaporation ; even 
a gentle scorching heat does not drive off the nitrogen. I 
believe the heating may be so great as to cause a con- 
siderable amount of decomposition and carbonisation 
before there is any appreciable loss of nitrogen. 


26902. Would it not be possible to recover that nitrogen 
in the form of sulphate of ammonia ?—That is one of the 
things I was going to suggest. It should be possible to 
obtain all the ammonia by carrying over the gases evolved 
during the process of torrefaction, and absorbing them 
with sulphuric acid in suitable apparatus. The details of the 
process have not, so far as I am aware, been worked out. 
Such a process could only be carried out economically on 
a large scale. It would not do for small isolated distil- 
leries, but where very large volumes of burnt ale could be 
treated it would probably prove more economical, so far 
as utilisation of nitrogen is concerned, than any process 
that I know of at present in use. 


26903. (Sir Michael Foster.) You mean the process: of 
evaporation, followed by torrefaction, with the additions 
that you have suggested ?—Yes. The nitrogen of the 
manure at present market prices is worth several times 
as’ much per unit as any other manurial constituent. 
as compared with phosphoric acid, for instance, the 
nitrogen would be worth about 13s. at a moderate esti- 
mate, as against 3s. 


26904. Per hundredweight ?—No, per manuria] unit, 
which is 1 per cent. per ton. Again, a unit of potash is 
worth 3s. 6d. or 4s. as against 13s. for nitrogen. A process, 
therefore, which retained the nitrogen would be most 
valuable. The objection to the torrefaction process is 
that it drives off a large proportion of the nitrogen. In the 
analyses I have put in the nitrogen varies from almost 
nothing up to nearly 9 per cent. I have found that 
sampl:s which contained a large percentage of nitrogen 
were not in a fit condition to be put on the market 
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as manure; they were still quite sticky, and there- 
fore hardly fit to be made a marketable manure. 


26205. You have great confidence that methods are 
possible by which this evaporation and torrefaction 
process can be carried on without that loss of nitrogen 7 
—I have. In addition to the method mentioned already 
I have also suggested that burnt ale might be dried along 
with sulphuric acid. 'The resulting product, which would 
contain excess of sulphuric acid, could afterwards be 
treated with mineral phosphate. This would produce a 
good mixed manure in which part of the phosphate 
would be in water soluble condition. This is a mere 
suggestion, I have not been able to get trials made with 
the method. 

269-6. Or. at any rate, with a much diminished loss ? 
—With a much diminished loss, at any rate. 


26907. And that would make the process much more 
remunerative ?—I think so. But I do not think that 
any process of this kind could be made one which would 
pay the distilleries. 

26908. By utilising the heat from the flues might it 
cover the expense ?—Possibly it might cover the expense 
or at any rate be less expensive than many of the systems 
distillers are trying. IJ take it they would need to work on 
a large scale to recover all the manurial value of the 
nitrogen as well as the phosphates and potasn. There 
are large percentages of phosphates and potash as well 
as nitrogen in the burnt ale. The analyses in my table 
which have low nitrogen have high phosphates and potash. 
One which has only 0°32 of nitrogen has 17-12 of phos- 
phoric acid and 1€-°33 of potash. 


26909. With the retention of the nitrogen suggested. 
by yourself the manure would really be a very valuable 
manure, would it not ?—Yes, a manure of all round high 
value. 


26910. (Sir William Ramsay.) Would not the 
sulphuric acid be reduced by the temperature which 
would be necessary to make the stuff powdery ?7—There 
would be action of that kind. There have been no ex- 
periments made on the subject, and I am not sure at what 
stage it would be advisable to add sulphuric acid. One 
could go to a considerable length with the heat before 
loss of nitrogen began. 


26911. With sulphuric ?—Without sulphuric. 


26912. (Sir Michael Foster.) Then there is the bacterial 
method of treatment ?—Yes. 


26913. Mere filtration has always proved unsuccessful ? 
—That is so. 


26914. What have you to say about the bacterial 
method of treatment ?—It can be made successful ; and 
complete purification can be effected by means of it if 
sufficient area is allowed and sufficient aeration given 

26915. Do you know the works at Mortlach ?—Yes, 
I have seen those. 

26916. They are fairly successful, are they not ?— 
They have been worked so as to be fairly successful, I 
believe, but the amount of aeration required per unit of 
burnt ale is so great that any bacterial system for treating 
it must be very much more troublesome than a system 
for the treatment of a dilute liquid like ordinary sewage. 
I do not think enough attention has been given in such 
systems as I have seen to the question of aeration, the 
question of providing the maximum amount of air. The 
systems tried have all been on the contact principle, 
which supplies only a very limited amount of air. 

26917. In the Mortlach system there is a final per- 
colating filter which gives a good deal of aeration ?— 
Yes, that was introduced later, I understand. I do not 
think I have seen that. 

26918. That brings in the aeration that you require ? 
—No doubt. But I think that an intermittent sprink- 
ling system such as I suggested at a meeting at which Dr. 
Cowie was present is better and gives a greater amoun’ 
of aeration per unit of space. I made experiments on 
a small scale, working with sprinkling filters, and got very 
efficient purification in that way. But the amount of 
liquid applied to such a sprinkling filter had to be 
strictly limited. After a certain point was passed the 
purification rapidly fell off and/presently ceased. ‘The 
quantity applied has to be very much less than in the 
eee ordinary sewage (Appendix II., Tables VII. and 
IIL.) 


EVIDENCE ; 


26919. (Mr. Power.) What material did you use for the 
filter ?—Medium fine coke, with a little ordinary soil to 
infect it with the necessary organisms. In that case 
when only a comparatively small amount of burnt ale 
was applied, the quantity of nitrates which one could get 
through such a filter was very great indeed. ; 


26920. (Sir Michael Foster.) Can you describe one of 
your experiments and state what the composition of 
your material was ?—The effluent applied in the case 
of which I have the figures here was not a pure burnt 
ale. I had diluted the burnt ale with proportional quan- 
tities of all the other distillery effluents—spent lees, steep 
water, andsoforth. (See Appendix II, Table VIIL.) 


26921. What was the composition of that ?—After 
precipitation by lime, so as to remove material which was 
filtered off and worked up to make a by-product, the 
composition of one portion was as follows. ‘Lotal solids 
were 1,069°0 per 100,000. 

26922. This is before precipitation ?—After precipita- 
tion, but before treatment on the bacterial filter. Tota} 
solids 1,069 per 100,000; loss on ignition, 910 parts per 
100,000 ; total nitrogen, 42 parts per 100,000; free or 
saline ammonia, 3°2 parts per 100,000; and oxygen 
consumed 110° 4. 

26923. How did you treat that ?—That was then 
sprinkled on a small tank filled with coke which had been 
inoculated originally by mixing a little soil on the surface 
and gradually brought into cultivation by dressing with 
this diluted burnt ale for a few weeks. 

26924. What was the size of it ?—Simply a 10 in. dia- 
meter zinc tank about 18 in. deep. The first effluent con- 
tained only 147 parts of solids as compared with over 


1,000 to start with, of which sixty were lost on ignition, 


free ammonia 0:11 as compared with over three; oxy- 
gen consumed in four hours 0°660 as compared with 110, 
and the nitrate present 13°71. In this effluent so long 
as the quantity treated was comparatively small the 
nitrates were so plentiful in the effluent that they could 
easily be detected by ordinary laboratory tests. As the 
quantity was increased—I increased it until the dressing 
was equal to four gallons per square yard per day—the 
nitrates diminished though the effluent continued sweet, 
still contained nitrates, and did not undergo secondary 
putrefaction. When I increased the dressing to 5 gallons 
per square yard per day the nitrates fell off and ceased, 
and the effluent soon began to come through putrid. I 
attempted to give as much aeration as I could, but I do 
not think I had the maximum aeration I could have 
obtained by using a larger filter with artificial means of 
aerating it. The experiments were limited; I had 
merely very crude and insufficent means of carrying them 
out. (Appendix II., Table VIII.) 


26925. Then as to the method by precipitation; f 
think you have made a number of experiments on that ? 
—yYes. My idea is that if bacterial treatment is used 
at all it should be used along with precipitation treat- 
ment to remove as much as possible of the valuable con- 
stituents, especially of the burnt ale, before the effluents. 
are passed on to the bacterial treatment. I think, con- 
sidering the value from a manurial point of view of the by- 
product which can be obtained, it would pay to do so, 
first because you will get a by-product of a certain market 
value, and second, because you will render your effluent 
easier to treat afterwards; since you have removed a 
considerable part of the polluting materials from it. To 
begin with, burnt ale contains a considerable amount of 
matter in suspension which can be removed without any 
precipitation. That itself is a richly nitrogenous 
substance, largely consisting of yeast, and is a manuriah 
material of considerable value. (Appendix I., Table IIJ.) 
A great deal of it was allowed to go to waste about Spey- 
side. There used to be tons and tons of it, the sludge 
which collected in the old filter beds lying about 
simply causing a nuisance. I obtained some samples of 
this sludge which was lying about rotting and dried them 
to a marketable condition. The analyses (Appendix IT. 
‘lable III.) show that when dry it formed a valuable 
manure. Jt was easily dried to a marketable condition. 
IT recommended the distillers to have 1t drtea and marketed, 
but nothing was done. By adding lime to the burnt ale 
practically all the phosphate and a portion of the nitrogen 
in solution is precipitated. (Appendix II., Table V.) 
Theretoie by adding lime till the ale 1s alkaline you obtain 
not only all the yeasty matter but in addition a consider- 
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able amount of valuable manurial matter which was origin- 
ally in solution. Practically none of the potash is pre- 
cipitated. The precipitate I found amounted to about 
2 grammes per 100 c.c. of liquor,or practically 2 per cent. of 
the weight of the burnt ale that is treated. On the 
average it requires about } per cent. of lime of good quality 
to effect the precipitation. The precipitate settles readily 
and is easily filter-pressed. It can be dried by the waste 
heat of the flues and then forms a friable manure of which 
T have a number of analyses here. 


26926. You will be able to put those in, with a state 
ment of all the details 7—Yes. (Appendix II., Table VI. 


26927. May we say that that process seemed to you to 
be a promising one ?—I think it is a very promising 
process. 


26928. Precipitation enables you to get a considerable 
quantity of manurially valuable material, and at the same 
time facilitates purification by the bacterial process ?— 
And facilitates purification by the bacterial process. 
The effluents from the precipitation process should be 
allowed to undergo a preliminary process of decay in a 
septic tank, and should then be completely purified by 
treatment on intermittent bacterial filters with as great 
a degree of aeration as possible. 


26929. (Sir William Ramsay.) Is there any difficulty in 
regulating the amount of lime you add? I suppose it 
does not matter if you add a little too much ?—A little 
too much does no harm. At the same time it would 
require regulation, because the effluent has afterwards to 
be treated bacterially ; it is still very impure, and the 
lime if present in excess might interfere with that. 


26930. (Mr. Power.) I am not quite clear whether you 
are dealing with pot-ale per se, or with a mixture ?—In 
my experiments I dealt with the pot-ale by itself in the 
precipitation process. For the bacterial purification I 
mixed the effluent from the precipitate with a corre- 
sponding proportion of spent lees, steep water, etc., and 
treated all these together. In addition to the burnt ale, 
it might be well to include the yeasty washings from the 
“backs *2 in the precipitation process, as this liquid 
contains a sediment of high manurial value. (Appendix 
I, Table VII.). It is not necessary to include lees or 
steep water in the precipitation process. 


26931. You would propose to add these all the same ? 
—I propose to add them before treating bacterially. 


26932. (Sir William Ramsay.) The first steep water is 
very dark coloured and very polluted. Is it propor- 
tionate to the strength, or do you think the first steeping 
takes out some matters which are more easily fermented 
than others ?—Partly. I find the first steep water varies 
very much. In three samples of which I have analyses 
here, one fermented very badly, and contained 0° 493 grms. 
per 100 c.c. of solid matter. That was a turbid yellow 
liquid, and in two days was in a state of putrefaction. It 
was in the summer I got it, and it rapidly became stinking. 
The second sample contained only 0°066 of solid matter. 
In other words the total solid matter was only about 
one-eighth of the amount contained in the first sample. 
(Appendix I., Table V.) 

26933. That is also a first steep 7?—Yes, and also from 
foreign barley. 


26934. (Mr. Power.) Was there any great difference in 
the amount of suspended matter in the two samples ?—I 


« 


am speaking of the total solids. There was not a great 
difference in the amount of suspended solids in the two 


samples. The second also wasa turbid yellow liquid, and B.Se., F.1.C. 


of the total solids it contained 0°04 grm. per litre were 
suspended matters—0‘04 out of a total of 0-066. It putre- 
fied to a very small extent; it had no smell, and it did not 
become foul on keeping. The third sample, which was from 
home barley, did not putrefy at all. I tested for phosphate 
in the ash, and found alittle phosphate, especially in No. 1. 


26935. Does anything lead you to believe that the fungus 
will grow only in the presence of phosphates? Is 
it your experience that when the phosphate is excluded 
the fungus will not grow ?—I have no evidence of that, 
but as phosphorus is, so far as we know, an essential 
constituent of all organisms I should think it is probable 
that if phosphate is completely excluded the fungus will 
notgrow. ButI have really no experimental evidence on 
the point. I determined at one time the percentage of 
nitrogen in Leptomitus, and found, as is usual in fungi, 
that it is very high, I have no doubt it removes that 
nitrogen from the water. I did not determine quantita- 
tively the amount of phosphate it contained, but a 
qualitative estimation showed that it was small. 


26936. In the fungus ?—Yes. So that I take it it 
does not remove any very large amount from’the water, 
because the amount it contains in itself is small. 


26937. (Sir Michael Foster.) That small quantity may 
be very essential ?—Probably quite essential. 


26938. (Sir William Ramsay.) I calculate that the 
figure you gave—l3s. per unit—for the nitrogen works 
out at about £10 8s. per ton as sodium nitrate. Does it not 
sell at a much higher price ?—95 pec cent. nitrate of soda 
costs at present about £11 per ton at the principal 
ports. That is the ordinary agricultural quality. 


26939. Then you are taking a low figure ?—Yes, a low 
price. Even sulphate of ammonia would have a some- 
what higher price per unit than I was calculating. I was 
taking approximately the price at which nitrogen would 
sell in such manures as bones. 


26940. It would not pay to bring the pot-ale any dis- 
tance to make it undergo this treatment for manufacturing 
manure ?—Not unless it could be carried at the very 
cheapest rate, say by gravitation in pipes. : 


26941. There is a possibility of doing that, is there not ? 
—Where there are a number of distilleries within a com- 
paratively limited area it would be feasible to bring the 
pot-ale to a centre for treatment. 


26942. Would you recommend that the distillers them - 
selves should undertake this, or would it be a separate 
undertaking ? Would it pay anyone to get pot-ale from 
the distilleries, or to ask the distilleries for a small con- 
tribution ?—I donot think it would pay. As faras I hav 
been able to go into these matters I do not think that an 
process that I know of would pay in itself. 


26943. That means that the distillers must do it to pre- 
vent a nuisance ?—I take it that certain processes in 
which the maximum by-products are recovered might 
pay, or nearly pay, all expenses if carried out economically 
on a fairly large scale, but I do not think they would 
leave a profit. It would not be worth while for a syndicate 
to take the matter up in the hope of making a profit 


MINUTES OF EVIDENCE: 


APPENDIX’T. 
COMPOSITION OF DISTILLERY EFLUENTS 


TasBie I. 
Burnt ALE: MATTER IN SOLUTION. 








Sample | Sample | Sample 

ST NGS TNO. oe clcstN Oe ete 
Specific gravity at 15°C. - | 1018 | 1013 | 1016 

Grms. per 100 c.c. 

Total non-volatile matters - | 3°089 | 3°143 | 3°732 
Ash - - - - - | 0°489 0°421 0°458 
Total nitrogen - - - | 0°134 07142 0°160 
Albumenoid nitrogen - - - 0040 07042 
Phosphoric acid - - - | 0°188 0°167 0°131 
Lime - - - - sd eta a 0°015 
Potash - - - - | O141 0°132 0174 
Soda - - - - - = 0°009 0°066 
Acidity as lactic acid -  - | 1°053 | 1:200 | 0°990 


These samples were obtained from three different 
distilleries. 

No. 1 contained, in addition to the solids in solution, 
1°48 grms. per 100 c.c. of solids in suspension, or 4°569 
grms, of total solids in solution and suspension. 

The solids in solution, or, more correctly, the non- 
volatile matters in solution were determined by drying a 
thin layer in a steam oven. It is difficult to determine 
them accurately, as they lose the last of their water with 
difficulty, and if prolonged drying be resorted to, they alter 
in other respects. 

The albumenoid nitrogen was determined by Stutzer’s 
method with copper hydrate. 


TaBLeE II. 
Composition oF Burnt ALR, 





Sample|Sample|Sample/Sample 
No. 4.| No.5. | No.6. | No. 7. 











Specific gravity at 15°C.| 1°018 | 1:019 | 1°017 | 1°019 


Grms. per 100 c.c. 














Solids in suspension - | 0°20 | 115 | 0°72. | 0°99 

Non-volatile mattersin | 4°04 3°67 3°62 3°57 
solution. 

Total non-volatile mat- | 4°24 4°82 4°34 4°56 
ters, 

Total ash  - - - | 0°43 0°40 0°39 0°49 

Acidity as lactic acid - | 0°89 1°64 1°01 1°39 





I have made examinations of burnt ale, more or less 
complete, from eight different distilleries. Inno case did 
the total non-volatile matters fall below 4 per cent., or 
rise above 5 per cent. In several cases the samples were 
drawn by myself, and in all cases I endeavoured to 
secure a representative sample from a large bulk, generally 
a stil charge. If the burnt ale is not well stirred up 
before the sample is drawn it is difficult to obtain an 
average proportion of the suspended matters. 


TasxeE III. 
SuspENDED Martrer or Burnt ALE, Dry. 





Total nitrogen - - - - - 8712 9°03 
Albumenoid nitrogen . - : - 8°12 
Ether extract - - - - r - - 0-83 
Ash - - - - ~ - 5°20 7°02 
Phosphoric acid - - - -| 0°52 2°26 
RAN ihe eon - -| O15 0°60 








Sm eng 


This table gives analysis of the suspended solids from 
samples 1 and 2, Table I. These were filtered off and 
dried below 105° C. 

The suspended matters of burnt ale consists mainly 
of the solids of the dead yeast. They form a sticky 
substance very difficult to filter from the liquid. They 
readily settle to a bulky sludge, and where this is allowed 
to accumulate, as in the settling tanks and filter beds 
of distilleries, it soon acquires the consistency of soft 
cheese. This substance putrefies readily, and soon be- 
comes very offensive. It is highly nitrogenous, and 
consists largely of proteid matters. 


TaB_e IV. 


Spent Luss. 








a rer ae = 


——— == No. V2 No. 2. 





Appearance. _-  -  - | Opalescent.| Opalescent. 


Specific gravity at 15° C. - | — 09990 10013 


Grms. per 100 e.c. 


Acidity (as acetic acid) - 0°037 0°043 

Total solids . - - 0°029 0°0189 
TaN) weiter pei ae oe - 0°014 0°0086 
Containing copper = - Pe ; — -.0°0032 








No. 1.—The ash contained copper and traces of iron, 
calcium, phosphoric acid, and sulphuric acid. 

No. 2 contained traces of various 
including alcohol and acetic acid. oe 

It is sometimes stated that spent lees is a very noxious 
liquid, poisonous to vegetation and to fish. 

The sample No. 1 was watered freely upon growing 
seedlings of various kinds, and also upon mature plants. 
and did them no apparent injury. Some oats and grass 
seeds were sown in pots and watered with another sample 
of spent lees for several weeks. During this time no 
other water was given. They germinated and developed 
to all appearance quite normally. 


TABLE VY. 


SteEP WATER: First STEEP. 





No. 2. 








No. 1. No. 3. 
leciy American| Foreign | Home 

Barley. | Barley. | Barley. 
Time in Steep. - - | 24 hours | 24 hours | 24 hours 
Specific gravity at | 1°0030 _ 1:0003 

ISOS: 

Reaction - -»  - | Distinctly| Distinctly} Faintly 

acid, alkaline. acid. 


Grms. per 100 c.c. 








Total Solids - - | ,/0°493 0°066 0°0092 
Ash - - - - 0°240 0°037 0°0016 
Nitrogen - - - | 0°0174 0°0026 — 
Albumenoids(N x 6°25) 0°109 0°016 — 





No. 1 was a turbid yellow liquid. It was two days 
old when received, and was already beginning to putrefy. 
(The weather was warm.) It rapidly became stinking. 
The ash contained the usual ash constituents of plants, 
and was rich in phosphates. 

No. 2 was a turbid yellow liquid. It contained solids 
in suspension, 0°040 grm. per litre. It had no smell 
and did not putrefy on keeping. 

None of the samples gave any reaction with iodine. 

These samples illustrate the great variation in the 
composition of this liquid. No. 1 is probably exception- 
ally badly polluted. No. 3, on the other hand, is excep- 
tionally slightly polluted for a first steep water. 


organic bodies, — 











———— 
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WASHINGS FROM “ BACKS.” 

A sample of the washing from the “ backs”’ as nearly 
representative of the bulk as I could obtain, was a turbid 
grey liquid which frothed a little on shaking. It putrefied 
on keeping. It had a sour yeasty small, and a slightly 
acid reaction. It contained in grms. per 100 c.c. :— 





Tasie VI. 
Solids in suspension- - - - -- --- | -0°0582 
a solution - =}. = - - |: 0°0372 
meetesh = 4 =) =; - - ,° - 100090 
» uitrogen - - : - - - | 0°0072 
Albumenoids (N. x 64) - - - =| -0°0450 





In the case of another sample, the solids in suspension 


were allowed to™settle. They were then removed and 
dried. They gave the following analysis :— 














TaBie VIL. 
—— Per Cent. 
Moisture - - - 0s - - - 3°01 
Organic matter - Smeminooe Shecos anit 'o 8519 
Phosphoric acid (P,O,) > - - - 3°42, 
Lime- - - ate $y, chee 5°06 
Potash - - - ete tes Tris 0°61 
Containing nitrogen - - 0 o - 6°71 





The liquid was slightly alkaline, from the lime added 
in lime-washing the backs. As the analysis shows, this 
sediment is a substance of considerable manurial value. 
Nirrocenovus Marters in SoLutTion In Burnt ALE. 

TasLe VIII. 


Syrup From Burnt ALE, No. 2 (Tasie I.)—NIrRoGEN 


in NirRoGENouS MATTERS, 








Se Per cent. 
Sie aie wp i Se 2 
Total nitrogen - - - - - - 1°99 
Of which there was contained in— 
Proteids, salted out by zine sulphate 0°65 
Peptones, _ ag wait by phospho- 
—tungstic acl - - = - OF19 
Amido compounds - : : - 0°14 
Ammonium compounds . 5 - O15 
Undetermined compounds, by difference 0°86 
Burnt Att, No. 3 (Taste I.). 
<a Grms. per 
t 100 c¢.c. 
er 
Total nitrogen - - - - - - 0°169 
Of which there was contained in— 
Proteids, salted out by zinc sulphate - 0°033 
Peptones, Se Satay by _phospho- he 
tungstic acl - = = = 07053 
Amido compounds - - < - 0°015 
Ammonium compounds - - - | #6908 
Compotinds, undetermined: by difference)" 0°059 
1" a Niet 
: tion - = 0°053 


nee 


743 


In the above table the nitrogen in ammonium com- 
pounds was determined by distillation with magnesia. 
Bodies such as asparagine, yield half their nitrogen 
as ammonia on boiling with dilute mineral acid. The 
nitrogen of bodies of this kind, which I call amido nitroger, 
was estimated by boiling for one hour with 5 per cent. 
sulphuric acid under a reflux condenser, distilling with 
magnesia, and doubling the nitrogen so found after 
subtracting that originally present in ammonium com- 
pounds. 


The nitrogenous matters of burnt ale are very com- 
plicated. The soluble nitrogenous matters extracted 
from malt have been extensively studied by others, 
and are known to be very complicated. These are 
then altered in the mash tub and in the fermenting 
vats by action of: proteolytic ferments from the mait 
and by living ferments. The resulting liquid, which, as 
we have seen, contains a considerable amount. of acid, 
is then subjected to a prolonged process of hydrolysis 
in the stills. The resulting burnt ale contains, as we might 
expect, nitrogenous matters of all degrees of complication, 
from proteids down to ammonium compounds. The 
solids of burnt ale are, as shown already, very rich in 
nitrogenous matters. These are the most important 
matters contained in the burnt ale, whether we look 
at it as a putrefying and polluting material, or as a material 
to be utilised as food or manure. In the matters in 
suspension the amount of nitrogen is so great that, as 
shown in Table III., about half of the suspended, matter 
must consist of nitrogenous substances. These nitrc- 
genous bodies are almost entirely proteids precipitated 
by copper hydrate. : 


Burnt ale contains in solution about 0°15 per cent. of 
nitrogen. Multiplying this by the factor ordinarily 
used in food analysis, 6}, we find 0°94 per cent., or nearly 
1 per cent., of nitrogenous matters. Proteid reagents; 
however, precipitate only a fraction of this nitrogen. 
The larger portion is contained in decomposition products 
of the proteids. 


A series of experiments was made with the syrup 
from Burnt Ale No. 2 (Tab'e I.), which was treated 
with various re-agents which precipitate proteids. 


The results are tabulated, in percentages of nitrogen 
precipitated, as follows :— 


Experiment No, 1. 
Per Cent.. 


Copper hydrate in excess . - - - 9 84 
In the filtrate from this, phospho tungstic acid - 0°12 


Experiment No. 2. 


Copper hydrate in excess - - - - - 081 
Tn the filtrate from this, tannin - - - O'll 


Experiment No. 3. 


Phospho tungstic acid in excess - - -0° 74 

In the filtrate from this, tannin = - = Orit 
Experiment No. 4. 

Tannin in excess’ - - - - - - 0.66 


In the filtrate, phospho tungstic acid - - 015 


Experiment No. 5. 


Milk of lime, till quite alkaline - - - - 0-27 
In the filtrate, phospho tungstic acid - - 0°56 


In every case where tannin was used it was difficult to 
say when precipitation was complete. After adding 
excess of tannin and removing the precipitate, the filtrate 
always deposited more precipitate. In one case, other 
work called me away, and some tannin precipitations 
stood covered for four months. ‘They were then filtered, 
and after filtration the clear filtrates were allowed to stand 
a few days. Further precipitation then gradualiy took 
place. 



































744 MINUTES OF EVIDENCE: 
APPENDIX II. 
COMPOSITION OF BY-PRODUCTS FROM BURNT ALE AND DISPOSAL EFFLUENTS. 
R Tas_e I. 
CoMPOSITION OF BuRNT ALE SYRUP. 
ee jks | oe. 3} 4 D 6. a. 
Moisture - - - - - - 29°51 68°75 53°59 56°83 52°50 48°80 47°32 
Nitrogenous matters (N x 6°25) - 16°75 10°69 14°56 11°25 14°81 12°50 13°19 
Acid as Lactic acid - - - - 21°51 4°36 10°12 3°76 8°77 12°07 10°02 
Other substances, by difference - 23°77 11°89 16°03 22°78 17°32 20°46 23°74 
oly «= Araniectan, aches Sanh ee eis 8°46 4°31 5°70 | 5°38 6°60 617 5°73 
Tora .-= - 100°00 100°00 100°00 100°00 100°00 100°00 100°00 
Albumenoids (Stutzer’s method) — - _— 713 9°56 7°50 9°56 6°94 6°38 














No. 1, Prepared by open pan evaporation from burnt ale after removal of yeasty sediment. 


No. 2. Prepared by open pan evaporation, whole 


burnt ale including yeasty sediment boiled down to 34th 


of its original bulk. It contained Solids in Suspension 10°63 per cent., Solids in Solution 20°65 per cent. 
Nos. 3, 4, 5, 6, and 7 were prepared from whole burnt ale, including yeasty sediment, by evaporation in 


multiple effect vacuum evaporating plant. 


Nitrogen . = ° 

Lime - - - = cea 37 
Phosphoric acid > 7s OO ame ” 
Potash - = = 81°75 ” ” 


No. 4 contained :— 
1°80 per cent.—equal to Ammonia 2°19 per cent. 


», Tribasic Phosphate of Lime 4°36 per cent. 


TasBieE IT, 
Burnt ALE AND Drarr Frepine Cakes. 





Moisture - - - - - e A X 
Oil - - - = = ¢ = ae 
Nitrogenous matters - - : : 

Soluble Carbohydrates, &ec. 
Fibre - - - - . 2 : Y 





Acid as lactic acid 
Ash = = : - = u ‘ = 


Siliceous matter - = x J Z — 


1 2. 3 

16°33 11°47 12°57 
3°50 2°90 5°94 
18°50 18°50 22°11 
48°94 56°76 36°04 
8°48 5°97 8°83 
ies — 7°56 
4°25 4°40 6°95 
O77 0°87 1°30 





These cakes were prepared by mixing dried distillery 
draff and burnt ale syrup together and pressing the product 
into cake by hydraulic presses. In No. 3 a little cotton- 
seed meal was added to improve the composition and to 
prevent the mixture sticking to the plates in the press. 


SLUDGE OBTAINED FROM DISTILLERY FILTERING Ponps. 


This sludge consisted of the solid matters in suspension 
in burnt ale which settled to the bottom of the filtering 
ponds which were formerly used at Speyside distilleries. 

The accumulation of this sludge, in a more or less offen- 
‘sive condition, has caused much trouble about distilleries. 
A distillery mashing 2,000 bushels a week would, I esti- 
mate, produce a little over a ton of dry sludge per week, 
equal to about five tons wet. In some cases this has been 
disposed of in the wet state to farmers, but it is difficult to 
handle in this state, on account of its stickiness, and 
farmers aré suspicious of it as a strange substance of un- 
known value, and because in some cases where it was used 
it did harm rather than good. Such unfavourable results 
were probably due to over-application of so nitrogenous a 
manure, and to imperfect distribution on account of its 
sticky nature. In other cases considerable expense and 
trouble were incurred in burying ity or in deodorising it by 
means of antiseptics to keep down the nuisance. If it had 
been roughly dried, I have no doubt it would have com- 
manded a market as manure. Organic nitrogenous bodies 
which contain a good percentage of nitrogen, and decom- 


The rich odour of the partially decomposed substance 
would not have been a serious disadvantage for this 
purpose. 

I obtained some samples of this strong-smelling decom- 
posing material which was being allowed to go to waste. 
The analyses of three samples are given in Table III. 


Tasie III. 
DISTILLERY SLUDGE, Dry. 





el 





| 3 

Organic matter - | 65°05 80°72 75°02 
Containing nitrogen - 5°71 8°56 7°00 
Ash- = - = ~ 34°95 19°28 24°98 
Containing : 

Phosphoric acid - - 3°54 2°02 225 

Potash -—~ - - a 0°28 _ 

Silicious matter - -| 23°42 12°09 17°71 
Equal to tricalcium phos- 

phate = 4s Opa! “Soares 


pose readily, command a high price in the manure market. 





[eee eee eee 


’ 
: 
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matter. This .is.derived from the shallow sandy ponds in 
which the sludge was allowed.to settle... With a little care 
this sand could easily be excluded. This would increase 
the value of the sludge as manure. 


No. 1 was taken from a large sample prepared by spread- 
ing out the sludge, and drying it in the sun. Roughly 
dried in this way until fit to bear carriage it contained 
23°26 per cent. of moisture. , 

The ash of each sample is made up largely of sandy 























TaBLE IV, 
MANvuRE Propucts PREPARED FROM Burnt ALE. 

aE I 2 oe 4 5 6 7 
Moisture - - - ~ - 6°47 3°16 4°28 14°53 4°03 na =o 
Organic matter and carbon - -/| 7819 29°37 6°68 45°15 66°15 — = 
Taare - -2c.~| 098 1-27 110 ral ” = tf 
Potash (K,O) NC CEE te 3°28 15:19 16°33 1°88 1°09 0°83 6°75 
Phosphoric acid (P2035) i - - 3°91 19°60 17°12 4°99 3°92 5°00 12°15 
Siliceous matter - F - - O76 - 2°95 3°87 25°92 19°50 2°56 — 
Containing nitrogen - - - 4°39 wa3 0°32 2°89 811 317, 4°39 
Equaltoammonia- -~— - - 537 2°58 0°39 3°44 9°85 4°57 533 
Equal to tribasic phosphate of lime 8°55 42°79 37°38 - 10°89 8°56 10°92 26°53 























Nos. 1 and 2 and 8 were all prepared from whole burnt ale, which was first concentrated in mutiple effect 
evaporators. No. 1 was then heated to charring in an oven, and consisted of a dry, black, coal-like material. No.2 
was burnt to ash in a furnace. The ash contained a good deal of black cinder containing much carbon. No. 3 was 
burnt to ash in a rotary furnace, which had been previously used in soda recovery. It contained over one-third of 
its weight of carbonate of soda derived from the furnace. It contained 6°46 per cent. of phosphoric acid, and all its 


potash in a water soluble condition. 


Nos. 4 and 5 were prepared from whole burnt ale by the use of “ waste heat” from the flues behind the stills. 


No. 4 was a sticky substance with a sour charred smell. 
cinders. 


No. 6.—Black charred substance. A little sticky. 


No. 7.—A rather sticky powder, apparently consisting of charred burnt ale. 


in water 2°60 per cent. 
Lime PRECIPITATES OF BurNT ALE. 


Lime preciptates a certain amount of the dissolved 
nitrogenous matter of burnt ale. It also precipitates 
almost the whole of the phosphates, as well as some other 
matters. Burnt ale, No. 1, Table I., Appendix I., after 
removal of the suspended matters, was made slightly 
alkaline with milk of lime. The precipitate formed 
amounted, when dried, to a little over 10 grms. per litre. 
It was a light-coloured brittle substance which was readily 
dried and powdered. 

It gontained when dry :— 


TABLE V. 


No. 5 was a dry charred substance in appearance, like 


It contained phosphoric acid soluble 


Per cent. 
Potash - : e - 0°20 
Containing nitrogen - - - - 2°17 


The whole burnt ale, including its suspended matter; . 
when rendered slightly alkaline by lime, gives a heavy 
grey flocdulent deposit, containing both the suspended 
matter and the precipiiate. This can be filtered, or 
filter-pressed, much more readily than the suspended 
matter alone. It dries easily to a crisp grey solid which 
is éasily powdered. On the average it requires about 4 per 
cent. of lime of good quality, or fifty pounds of lime per 
1,000 gallons, to effect this precipitation. 



































Per cent. 
Organic matter - - - - - 45°25 ’The following table gives analyses of some samples... 
Phosphates, as tricalcium phosphate - 35°75 obtained in this way, dried to marketable condition. 
TABLE VI. or aa 
PRECIPITATE BY LIME FROM BuRNT ALE. 
tema re 2. 3. 4, 5. Mean. 
Grms. obtained per 100 c.c. - - - }2 2°5 3°6 1 = 2°25. 
Moisture - - = = - - - 5°35 12°40 6°18 11°27 9°46 8°93: 
Organic matter - 8 = - i = 66°20 56°15 74°25 52°39 58'03 61°40: 
Phosphates, as tricalcium phosphate - hy inde 16°20 11°07 20°11 17°60 17°66: 
Potash - “ . - - - - 0°79 0°95 — — os 0 87 
een tetiowes.avad ow geos-to fun wit a _ 1628 17-68 1698 
Containing nitrogen - . - - me Olle 4°98 4°13 5°80 4°02 478 4°74 
6225— Ap. L 5B 
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Nos. 1, 2 and 3 were samples prepared on a small scale 
in the laboratory. Nos. 4 and 5 were prepared on a 
larger scale at distilleries. They are, therefore, probably 
the most representative samples. No. 4 was filtered 
through a sack. No. 5 was filter-pressed. 

The filtrate after this treatment is still a very impure 
liquid, and is quite unfit to be turned into any water- 
course. The above treatment is not suggested, there- 
ore, as a means of getting rid of the pollution, but merely 
as a means of getting something of value out of the burnt 
ale, and at the same time taking a first step in the puri- 
fication, by removing all the suspended and a part of the 
dissolved solids. The filtrate is dark in colour, and 
froths very badly on shaking. Even when diluted with 
100 times its volume of water it still froths. If allowed 
to stand it soon begins to putrefy, and after a time stinks 
badly. It contains on the average nearly as much non- 
volatile matter in solution as untreated burnt ale. For, 
though we have removed a certain amount of solid matter, 
this is compensated for by the lime which has been added, 
and by the volatile acid which has been fixed as salt. It 
contains on the average about half as much nitrogen as 
untreated burnt ale with the suspended matter included, 
that is, about 0:12 grm. per 100 c.c. It contains very 
little phosphate, but nearly all the potash of the original 
liquid. It is, therefore, still a liquid of high manurial 
value, and has still a very much greater polluting power 
than ordinary sewage. 


Even when diluted with the spent lees and the other 
waste liquids of the distillery, the mixture is still a very 
noxious effluent. Mixtures of this kind, prepared from 
the filtrate of burnt ale after the lime treatment, mixed 
with spent lees, steep water, and wash-up water, all freed 
from any suspended matter, and mixed together in the 
calculated average proportions in which they are pro- 
duced at the distilleries, were prepared for experiments 
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TABLE VII. 
Mixture FOR BACTERIAL TREATMENT. 








Parts per 100,000. 


Total solids -~ - - =| 1,069°0 1,350°0 
Loss on ignition - “2 910°0 1,140°0 
Total nitrogen, Kjeldahl method 42°0 459 
Free or saline ammonia - - 32 59 
Oxygen consumed in four hours 110°4 | Very great, 
over 100. 
Chlorine - - - - - — 15°9. 





These liquids contain more than ten times as much 
solid matter in solution, and six or seven times as much 
combined nitrogen in solution as an ordinary sample of 
town sewage. They also show enormously greater oxy- 
gen absorption from permanganate than sewage. 

This mixture putrefies readily. It contains nothing to 
inhibit or diminish the activity of the micro-organisms 
which cause decay, but, on the contrary, contains just 
the sort of matter in which they flourish freely. In this 
it resembles sewage, and is dissimilar to many trade 
effluents, which are injurious to bacteria. This is, there- 


fore, a liquid which should be suitable for treatment by- 


irrigation, or by bacterial beds or filters. 

A small experimental filter bed was treated daily 
for a period of about eight months with gradually in- 
creasing quantities of these mixtures. In Table VIII. 

















on further purification by bacterial treatment. The analyses of samples of the effluents are given. The 
following table gives analysis of two such mixtures. mixtures were sprinkled on the bed intermittently. 
TABLE VIII. 
EFFLUENTS FROM BAcTERIAL TREATMENT. 
——— No. 1. No, 2. No. 3. No. 4. No. 5. 
Parts per 100,000. 
Total solids - - - - - - - 147°20 108°00 149°00 180°00 244°00 
’ td 

Loss on ignition = - - - - - - 60°00 40°00 23°00 24°00 54°00 
Free or saline ammonia - - at pe - 0°011 0°027 0°029 0°048 0°057 
Albumenoid ammonia - - - - - 0°067 0°092 0°144 0°209 0°440 
Oxygen consumed in four hours — - - - 0°660 0°88 1-33 1°89 3°22 
Nitrogen in nitrates - - - - = Ve vel 4°50 4°64 1°93 Absent. 








Sample No. 1 in this table is an effluent frcm the 
period when the mixture was being applied at the rate of 
i} gallons per square yard. During this period the nitrates 
reached their maximum. In some cases they were found 
to be as great as 20 parts of nitric nitrogen per 100,000. 
As the dressing increased they fell away. Apparently 
when the amount of organic matter increases beyond a 
certain point much denitrification takes place in the bed. 
In no case was more than a fraction of the combined 
nitrogen applied to the bed recovered in the combined 
nitrogen of the effluent. 

The dressing was then increased to about 2 gallons 
per square yard per day, given pix days a week. This 
was continued for about two/months. The mixture 
used at this time was No. 1, Table VII. 

The analysis of the purified effluent obtained during 





this period is No. 2. The dressing was then increased 
to three gallons per square yard per day, added in three 
dressings daily. The mixure used for this period was 
No. 2, Table VII. The analysis of the purified effluent 
is No. 3. After this had been continued a few weeks 
the dressing was increased to the rate of 4 gallons per 
Square yard per day, and then to the rate of 5 gallons 
per square yard per day. During both these periods 
the application was made in four dressings daily. The 
analyses of the effluents for these periods are Nos. 4 and 5. 
In the last of these we have reached the limit of the 
capacity of the bed. After the application at the rate 
of 5 gallons had been continued for four days nitrates 
ceased to appear in the effluent. A few days later the 
effluent began to smell a little. The experiment was then 
discontinued. It had lasted altogether eight months. 
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Mr. SrEvENSson Macapam, F.I.C., F.C.S., called in; and Examined. 


26944. (Chairman.) As far as I am concerned I merely 
ask you whether you will be good enough to allow us to 
print the statement you have supplied in our evidence ; 
a proof will be sent to you for correction ?—Certainly. 


I am a Fellow of the Institute of Chemistry of 
Great Britain, of the Chemical Society of London, of 
the Society of Public Analysts, London, ana of 
the Association of Public Analysts of Scotland. 


Tam Public Analyst for a number of counties and 
burghs, and hold other appointments which bring me in 
contact with questions concerning the disposal of waste 
products, including sewage and manufacturing effluents. 


For many years I assisted in the work connected 
with the carrying out of the North Esk Agreement, 
which exists between His Grace the Duke of Buccleuch 
and the manufacturers on the River North Esk (Mid- 
lothian), and I was ultimately appointed arbiter under 
that agreement. No distilleries come within the scope 
of this agreement, but it has afforded me considerable 
opportunity of studying |the effect of settlement, pre- 
cipitation, filtration, and incineration on waste polluting 
liquids as applied on a large and practical scale. 


I was first actively engaged in the special question 
of distillery pollution about the year 1897, and I have 
been more or less interested in the subject since then. 


Immediately before the date mentioned an exten- 
sive increase took place in the Scotch distilling industry, 
which naturally led to a large increase in the waste pro- 
ducts, and these were, as formerly, in major part, passed 
direct into the nearest stream without any attempt at 
purification. Matters went from bad to worse until it 


ANALYSES OF 


BARLEY STEEP 


became necessary for the riparian proprietors to estab- 
lish their rights at law, and several cases have since 
occupied the attention of the Scotch Courts, and I have 
been connected with some of these. 


In the preparation of whisky a large quantity of 
water is employed, and only a small proportion is ulti- 
mately retained within the distillery. The major part 
is discharged as waste product, and is highly polluting. 


The process of making whisky may be roughly 
divided into four stages :— 


1, Steeping of the barley in chests, or tanks of 
water. 


2. Malting and drying of the steeped barley. 
3. Infusion and fermentation of the barley. 
4. Distillation of the fermented liquid. 


Stage 1. Steeping of the Barley. 


This operation is performed by placing the barley 
in chests or tanks, and covering it with ordinary water. 
After the water has remained in contact with the barley 
for a given time it is run off to waste and a fresh supply 
added. 


A third treatment, and sometimes a fourth, is 
given, and the “steeping” is finished. During the 
process the barley absorbs a quantity of water equal 
to approximately one-fifth of what is added, and it loses 
to the water certain soluble mineral salts, and organic 
bodies, as well as any dirt, or grit, which is attached to 
or diffused through the barley corns. The liquid is 
usually of a dirty grey appearance, and is highly pol- 
luting, as the following results will show. 


WATERS. 














Grains in imperial gallon: 


Saline and earthy matter PE EE PE IEE ELA ot! 
Organic and volatile matter - : > b Li 
Total solid matter - - : d . E 


Of which in solution .: 
Saline matter - - & é = “ 2 e 


Organic and volatile matter - - a 7 : 
Totalsolid matter - - - - - - 


Of which in suspension ; 











Grains. 
= a is = = 138°40 to 59°04 
Lec, iar e 12768 ,, 52°00 
ielgivinhe whee Fe 26608 ,,  111°04 
ee. ee 113°44 |, 4656 
5: out ae page Nae 10656 =, «48°32 
Se es eens 22000 ,, 9488 


— ee 














Saline and earthy matter SR auToR ST i ee eae 24:96. ,, 12°48 
Organic and volatile matter - - : - ~ - - - - - QUAD mops 55 3°68 
Total solid matter - - - : > > - - - - - 46°08, 16°16 
SE SS EI aT 
Chlorine - - - - - : - - - - - - - - 20°65), «0 45 7°48 
Preiatpraetmeticacid= = = =~ = = = = Oe Fe ee ae 66720 _,, 44°48 
In million parts ; 
Free and saline ammonia - - - - - oh. - - - 2050" _* 5 10°00 
Albuminoid ammonia - - - - - - - - - - - 67°00 __—sy, 25°00 
6225—Ap. I. 5B2 
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The barley steep water is prone to rapid putrefaction, 
and from the considerable proportion of potash salts 
and phosphates, it is well suited for the propagation of 
the low forms of fungoid growths which accompany 
distillery pollution. 


8 Feb. 1906. 


ki. ——— 


Stages2and3. Malting and Drying of the Steeped Barley, 
and Infusion of the Barley. 


These stages do not directly produce polluting liquids, 
but they are responsible for a considerable share of the 
polluting matter contained in the general washing 
waters. The quantity and quality of such waters 
varies greatly in every distillery, but the following figures 
may be taken as fairly representative :— 


ANALYSIS OF WASHING WATERS. 

















= Grains. 
Grains in imperial gallon : 
Saline and earthy matter - - - 17°60 
Organic and>volatile matter --.* - 92°80 
Total solid matter = - - - 110°40 
Of which in solution : 
Saline matter - - - - - 14°72 
Organic and volatile matter - - 19°52 
Total solid matter - - - 34°24 
Of which in suspension : 
Saline and earthy matter - — - 2°88 
Organic and volatile matter - - 73°28 
Total solid matter - - - 7616 
‘Chlorine - - . - - - - 2°80 
Acidity as lactic acid - - - - 6°40 
In million parts : 
Free and saline ammonia - - - 11°00 
Albuminoid ammonia - - - 123°00 





Stage 4. Distillation of the Fermented Liquid. 
-At this stage three liquids are produced, viz. :— 


A. Burnt ale or pot ale. 
B. Spent lees. 
-C. Alcohol. 


‘The burnt ale and spent lees constitute the residues 
which are left in the stills after the distillation and 
redistillation of the fermented barley liquid. They are 
waste liquids which are run out of the stills after the 
distillations have ceased, and constitute a part of the 
general distillery refuse. The alcohol leaves the still as 
vapour, and after condensation it is received in the 
spirit receiver, and ultimately veaches the market as 
whisky. ; 

The average composition of burnt ale may be gathered 
from the following analysis. 
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or Pot ALE. 














ANALYsIS OF BuRNT ALE 
fe Grains. 
Grains in imperial gallon : 
Saline and earthy matter - -" - = 1 312°00 
Organic and volatile matter’ - - | 2603°20 
2915°20 


Total solid matter .-. = - sf 


Of which in solution: | 


Saline matter © - - - = = 297°60- 
- Organic and volatile matter © - - | 1857°20 
' Total solid matter  - 2 - | 2154°80  - 


Of which in suspension : 
Saline and earthy matter - - 
Organic and volatile matter  - — - | 


Total solid matter. ‘-) + = 


Chlorine - «- ai) spf 3 . i 


Acidity. as lactic acid ~ (ty deena 


In million parts : 
Free and saline ammonia - = eee 


Albuminoid ammonia = = = 





Burnt ale, or pot ale, as its name implies, is an ale, 
but it is minus alcohol,-and unhopped. It is a heavy, 
brown, organic liquid, and in its fresh state of not un- 
pleasant smell. It contains a considerable proportion 
of the mineral salts of the barley, and is usually accom- 
panied by a quantity of matter in mechanical suspension. 
It is a highly putrescible liquid, and can be best described 
as an excellent broth, or culture medium, for the lower 
forms of life. 

The spent lees are left as a residue in the second still, 
and are not so polluting as the preceding liquids. Their 
general composition may be taken as follows :— 


ANALYSIS OF SPENT LEES. 

















ae? Grains. 
Grains in imperial gallon : 
Saline and earthy matter - - - 112 
Organic and volatile matter - — - 16°32 
Total solid matter - - - 29°44 
Of which in solution: 
Saline matter - - - + = 11°68 
Organic and volatile matte - - 14°08 
Total solid matter - - - 25°76 
Of which in suspension : 
Saline and earthy matter - = - : 144 
Organic and volatile matter - - 2°24 
Total solid matter - = ail 368. = 
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‘ANALYSIS oF Spent LEES—cont. 
—-- Grains. 
Chlorine - - - - - = - 0°94 
Acidity as lactic acid - - - - 44°80 
In million parts : 
Free and saline ammonia - = - 1°40 
Albuminoid ammonia - - - 2°32 








The acidity is volatile, and is most likely entirely 
acetic acid, but it is calculated as lactic avid for com- 
parison with the other liquids. Copper is a common 
constituent of spent lees, and I have found as much 
as 1°85 grains in the imperial gallon when calculated 
as metallic copper. Though any proportion likely to 
be found. would be quickly lost in any reasonable body 
of water, the effect. on a domestic supply might be 
serious. 

The relative proportions of the different liquids pro- 
duced varies, but will in most cases approximate to 
the following, for each bushel of barley used.:— 











Gallons, 
Barley steep water eT ee es 18°12 
Burnt ale - - - - - - 13°12 
Spent lees - - - - - = 275 
Washing waters - - - - - 12°50 
Optima etcci th Seal puisidee- 2°05 

49°74 





In other words, each gallon of spirit made produces 
21-11 gallons of waste liquid. Taking a distillery 
using, say, 2,000 bushels of barley per week it will have 
to treat practically 95,000 gallons, or 424 tons of waste 
products, and will manufacture 4,500 gallons of spirit. 

There can be no doubt that the most polluting liquid, 
and the one most difficult to manipulate is the burnt 
-ale. In former times it was the practice for the dis- 
tilleries to keep cattle, or pigs, or both, on the premises 
for the purpose of consuming the burnt ale which forms 
a nutritious drink, and is consumed by animals with 
apparent relish. A certain portion was also applied 
to the land, and formed a useful liquid manure. It 
was, and I understand still is, freely given to neighbour- 
ing farmers for similar purposes. While the distilleries 
were of a reasonable size and output, a great part of 
the burnt ale was disposed of in such a manner, and 
any excess when discharged with the other polluting 
liquids was in a new and fresh state. Apparently 
little inconvenience was experienced from what then 
passed away, and I attribute this to the limited quan- 
tity, especially of burnt ale, and to the fresh condition 
of the liquids. Not only did the pollution increase 
with the extra production of spirit, but apparently the 
custom of keeping cattle began to die out. I have 
frequently seen the cattle sheds falling into more or 
less disrepair, but I do not remember ever seeing any 
cattle in them. The custom of supplying neighbours 
with such burnt ale as they will take still continues, 
but the quantity so disposed of is very limited, and 
for practical purposes may be neglected. 

I have rarely seen burnt ale applied to land, and I 
do not think the practice is very general. In any case, 
its use must be restricted to certain periods of the year, 
and the quantity app'ied must be within limits. 

When fresh distillery waste is discharged into a con- 
siderable body of fresh running water, I am of opinion 
that it has little tendency to form fungoid growths, 
or objectionable glut. It has, however, a marked ten- 
dency to produce persistent. froth, and I attribute this 
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in most part to the burnt ale... As a salmon and: trout 
angler I have no hesitation in saying that the fishing 
will suffer to a very great extent from such. Should 
the burnt ale enter into partial decomposition before 
it reaches the stream, it is certain to produce vast beds 
of the distinctive distillery fungus (Opodya lactea or 
Leptomitus lacteus).° This body is a low form of vege- 
table growth which spreads rapidly, and not only covers 
the bottom of streams with a heavy slimy deposit, but 
is constantly floating down in detached masses... It 
may be found in all stages of healthy and vigorous 
growth, and of decay, and putrefaction. When fresh 
it is most unsightly to the eye, and when decomposing 
it is equally objectionable to the senses of sight and 
smell. Beyond rendering the water within its influence 
quite unfit for primary purposes, it seriously interferes 
with healthy fish life. The detached masses disturb 
the fish both in pool and on spawning bed, and lead 
to a loss in sport and reproduction. The abundant 
growths are usually to be found in the shallower and 
quieter streams, such as form the natural spawning 
beds in a river. The presence of the fungus will either 
deter the fish from making use of such stretches for the 
spawning purposes, or it will materially influence the 
hatching of the spawn from the choking of the beds. 
The abstraction of the dissolved oxygen from the water 
by the fungus, and the substitution of poisonous gases 
instead, is a point of very considerable importance when 
considering the healthy life of fish, and the destruction 
of healthy vegetable. growths, and the various forms 
of larva and insect life need only be referred to. 

Anything approaching a satisfactory solution of the 
difficulty of rendering distillery refuse innoxious has not, 
in my opinion, been arrived at, and the labora’ory 
experiments’ which Ihave made have not been attended 
wiih success. 


Evaporation and Incineration of Burnt Ale. 


Everything, in my mind, points in incineration as the 
only solution, but the process is costly, and is attended 
by some trouble. The burnt ale produces a pretty hard 
carbon which is difficult to consume, and at high tempera- 
tures the potash salts tend to fuse to glasses. The first 
practical attempt at incineration was tried at Benrinnes 
Distillery, situated in the Aberlour district of the Spey. 
About the year 1899 attempt was made to consume 
the burnt ale by spraying it up the distillery chimney, 
where it met the waste heat from the still fires, and was 
resolved into an ash, which collected in the flue, and 
could be removed when necessary. It was claimed at 
the time to be a complete success, but very shortly it 
was found that the masonry work of the chimney was 
becoming seriously damaged, and the process was stopped. 
I had not an opportunity of testing the power of in- 
cineration, but I remember I did not credit the state- 
ments which were made regarding it. It was a good 


practical experiment, however, and the ash obtained | 


was in first-class condition for handling as a manure. 
I made an analysis of an average sample of the ash, 
and I obtained the following proportions in 100 parts 
by weight :— 


ANALYsIS oF Burnt ALE ASH FROM BENRINNES DIs- 
TILLERY CHIMNEY EXPERIMENS. JULY, 1899. 











Per cent. 
Insoluble silica - - - - - 6°68 
Soluble silica - - - - - - 1°56 
Oxide of iron - - - - - - 1°90 
Alumina - - - - - . - 1°10 
Lime - - - - - - - 22°08 
Magnesia - - - - - - 0°43 
Potash - - - - - : - 17°02 
Carried forward - - - - 


Mr. 
Stevenson 
Macadam, 

EEGs 
F.CS. 


8 Feb. 1906. 


Mr. 
Stevenson 
Macadam, 

PIG: , 
FCB: 


8 Feb. 1906. 








750 Z f 
ANALYsIS oF BurNT ALE AsH—continued. 
ca aes Per cent. 
Carried forward - - - 
Soda - - - - - - - 2°90 
Oxide of copper - - - - - 0°11 
Soluble phosphoric acid - - - - 0°64 
Insoluble phosphoric acid = - - 18°69 
Chlorine - - - - - - - 0°30 
Sulphuric anhydride’ - - - - 1°10 
Moisture - - - - - - - 18°06 
Organic matter = - - - - - 5°64 
Carbonic anhydride, ete. - - - - 179 
100°00 








The foregoing results demonstrate that the mineral 
residue left from the burnt ale is of first-class manurial 
quality, and worth about £5 3s. per ton. 

More recently it has been claimed that it is possible 
to evaporate the whole of the burnt ale produced in a 
distillery, by the distilleries’ own waste heat, but I 
doubt this very much. The matter is of great import- 
ance, and should form the subject of careful and thorough 
investigation. 

Suggestions have been made to evaporate the burnt 
ale and manipulate the residue as a cattle food. I have 
no faith in such a scheme. The evaporation must be 
conducted in such a manner as will prevent charring of 
the organic matters, and this necessitates steam heat. 
The most successful experiments that I know of in this 
direction were made by heating the burnt ale by means 
of revolving spiral steam pipes. The rate of evapora- 
tion to commence with was reasonable, but ultimately 
the tendency was for the material to “ felt’? on to the 
pipes, and practically stop the passage of the heat. In 
any such scheme the acidity of the burnt ale, and its 
tendency to putrefactive decomposition must be re- 
membered. 

Feeding cakes manufactured by incorporating such 
materials as wet grains, with the burnt ale, have nothing 
to recommend them. An analysis of such a cake gave 
the following results :— 


Se a a i i oe 








——_ Per cent. 

Moisture - - - - - - 17°85 
Oil - one - - - - 2°20 
Albuminoids . - - - - 21°22 
Starch, gum, sugar, é&e. - - - 46°43 
Woody fibre - - - - - - 6°90 
Ash <= - - - - - - 5°40 

100°00 
Acidity as lactic acid - ty Ee Se 2°47 





The acidity is objectionable, and the keeping properties 
very limited. 

In any system of evaporation the abstraction of water 
from neighbouring streams may become a serious ques- 
tion. In a distillery working 2,000 bushels a week; the 
burnt ale alone means a loss of 26,240 gallons, or 117 
tons of water, and if the other liquids are similarly treated 
the abstraction of water will be enormously increased. 
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Distribution of Burnt Ale on Land as a Manure. 


This method of disposing of burnt ale has been long 
in use, but the practice in recent years has apparently 
decreased. Burnt ale is undoubtedly a good liquid 
manure when applied at the proper time, and in proper 
quantity. - It is usual to sprinkle it as a top dresser by 
means of barrel or tank carts, and this is done in the 
early season when the crop is beginning to come away, 
and again in the autumn to encourage the growth of 
grass in the stubble. Over-application leads to burning 
of the young shoots, and the quantity applied must 
therefore be limited in amount. I have seen old strong 
pasture completely burned up, and rotted, in places 
where the burnt ale had, by natural circumstances, 
accumulated in undue proportion. The total quantity 
which can be disposed of in this manner is comparatively 
trifling, and during the greater part of the period which 
a distillery works the burnt ale is not required. Its 
use is also restricted to a small area surrounding the 
supply. 

Treated as Sewage by Irrigation. 
Attempts to treat burnt ale by ordinary irrigation 


on land, either alone, or along with domestic sewage, 


have been found useless. I first witnessed this at Macallan 
Distillery on Spey-side, where attempts were made to 
purify the distillery waste by distributing it over an area 
of land after much of the suspended matter had been 
allowed to settle in ponds. The ground selected was 
in many respects well suited for such an experiment, 
though it had not undergone any preparation. The 
distillery was situated on a flat at some considerable 
elevation, and at some distance from the River Spey. 
It was anticipated that by the time the liquid had per- 
colated down through the high bank and through the 
fields below that it would be rendered harmless, but such 
was not the case. The liquid issued in a highly putrid 
and offensive condition which gave rise to gross pollution 
of the river, and produced vast quantities of the usual 
fungus. The pollution ultimately became the subject: 
of the action of Seafield v. Kemp, in the Court of Session, 
Edinburgh, in January, 1898. : 

I observed similar results when inspecting the Dailu- 
aine-Glenlivet Distillery in 1899. For several years this 
distillery had been passing its refuse down to ponds. 
situated in a haugh adjoining the Spey. There was 
no outlet from the ponds, and they were separated from 
the river by a considerable extent of somewhat sandy- 
and gravelly land. The liquid from the ponds gradually 
filtered through this, and when it reached the river so: 
little purification had taken place that extensive 
pollution was noticeable for a long distance below. This. 
matter also came before the Scotch Courts. 

In 1900 Messrs. Geo. Cowie & Sons, of Mortlach Dis- 
tillery, Dufftown, endeavoured to compel the Police 
Commissioners to give them access to the public sewers 
for the distillery waste. The Commissioners were at 
the time preparing to treat the town sewage on a sewage 
farm, and they objected to take over the refuse from 
the distillery on the ground that it would injure the 
sewer pipes, and would prejudicially affect the disposal 
of the sewage by sale, or application to land. The 
position of the Commissioners was upheld by the First 
Division of the Court of Session, in December, 1900. 

During the course of this inquiry I visited, among 
other places, the town of Rothes, where they were en- 
deavouring to treat the refuse from the neighbouring 
distilleries along with the town sewage. The process em- 
ployed was to first treat the inflowing mixture with alum 
and lime, and to afterwards settle, and filter through 
ash beds. The effluent from the filter beds was then 
distributed over land, and the discharge passed to the 
Spey. I found the works in hopeless disorder, and prac- 
tically serving no useful purpose. The liquid leaving 
the filters was little better than when it entered the 
works, and the irrigation ground was completely covered 
and choked with beds of distillery fungus in all stages 
of growth and putrefaction. The liquid merely passed 
over the surface, and discharged into the river. The 
track of the liquid was clearly marked by a continuous 
bed of fungus and glut, which covered the bottom of 
the stream for a long distance below. 

With a view of ascertaining the probabie action of 
distillery effluents on the cement joints of pipes, I visited 
the North British Distillery, Edinburgh, and examined the 
cement work connected with the dreg storage tanks. 
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These tanks are constructed of brick, laid in a mixture of 
one part of cement to three parts of sand, and are 
** grouted ” over with the same material. I found the 
binding to be quite soft and sandy, and it could be easily 
removed by a knife. An analysis of a portion gave the 
following composition in 100 parts by weight :— 











—_ Per cent. 

Insoluble silica - - - = = - 81°06 
Soluble x BM Aeeo ots Suo- Jal < 2°44 
Oxide of iron - - - - - 2°14 
Alumina - - Oy SPs Oe 5°66 
Lime’ - @ Wael bhi $2 Leyte iow- 0°15 
Magnesia - - - - - - 0°08 
Yn Alkalinevsalts ,¢<» <0 ..- + -- | .-0°62 
Sulphuric anhydride - - - - 0°16 
Chlorine - - are - 0°03 
Organic matter - - - - '- 5°26 
Moisture -— - - + = - 2°40 
100°00 





The organic acids of the dreg had dissolved away 
practically all the lime, and left little else than sand. 

Each tank had an air shaft formed of ordinary glazed 
drain pipes, joined with pure cement, which was within 
the influence of the dreg. I found again that the cement 
was destroyed, and quite friable. I readily removed a 
portion and obtained the following results on analysis. 


Original burnt 
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For comparison I also give the analysis of an ordinary 
cement :— 





: Cement 
“Gemenb., | 2004.0» by 
Per cent. Per cent. 
Insoluble Silica - - - 1°10 69°84 
Soluble Silica - - -| 92°02 299 
Oxide of Iron -~— - - 4°09 2°26 - 
Alumina - - - - 7°75 3°31 
Lime-" - = = - 61°68 0°04 
Magnesia - ci 1°14 0°01 
Alkaline Salts - - - 0°16 0°70 
Sulphuric Anhydride- = - 1°24 0°04 
Chlorine - - - - — Trace 
Organic Matter - - - 0°48 17°72 
Moisture - -— - - 03°4 316 
100°00 100°00 














An average sample of the dreg showed an acidity equal 
to 276 grains per gallon, when calculated as lactic acid. 


Precipitation by Chemicals, and Mechanical Filtration. 


The effect of such general precipitants as alum and 
lime on distillery refuse are disappointing. This was 
observed on a working scale at Rothes Sewage Farm, and 
laboratory experiments corroborated the fact, as the 
following series of results with burnt ale will show :— 


Treated with 100 


Treated with 100 | Treated with 100 : 
grains alum and 


grains of alum | grains of lime 











ale. 100 grains lime 
per gall. per gall. per pall: 
Grains in imperial gallon : 
Simo matics = Pe ee TL 312°00 gr. 356°96 gr. 359°60 gr. 402°40 gr. 
Organic and volatile matter . - 2,603°20 ,, 1,842°40 ,, 1,850°40 ,, 1,845°60 ,, 
Total solid matter - - - - 2,915°20 gr. 2199'36 gr. 2,210°00 gr. 2,248°00 gr. 
Acidity as lactic acid - — - - - 667°20 gr. — — = 











Treatment by neutralisation with chalk, lime water, etc., 
are equally unsuccessful, either when the mixture is 
allowed to settle, or when it is passed through a mechanical 
filter composed of such materials as sand, ashes, or fresh 
or charred peat. A considerable quantity of the colour 
may be removed under favourable circumstances, and 
more especially if the burnt ale is previously somewhat 
diluted with water, but the effluent remains highly 
nitrogenous, polluting, and prone to active decomposition. 


Bacteriological Methods. 


Bacterial beds give reasonable promise of something 
reliable in the future, if applied in treating the less 
offensive distillery liquids, but I have not myself had the 
opportunity of establishing their power of dealing with 
such liquids as undiluted distillery waste, even when 
previously settled. Many claims have been made for 
different systems, which I am afraid are not borne out 
by actual authentic and continuous experiment. I have 
myself conducted no experiments in this direction. 


STEVENSON MACADAM. | 


26945. (Sir Michael Foster.) In this memorandum you 
take rather an unfavourable view of all the processes ?— 
Yes, except that of evaporation. 

26946. With regard to treatment on land, the success 
of that would depend upon the quantity of land available 
in the immediate neighbourhood ?—Yes. 

26947. And perhaps also on the method by which it 
was applied ?—Yes, and, of course, the nature of the 
land. 

26948. It is generally applied as a top dressing, is it 
not ?—Yes. 

26949. Has it been used to be ploughed in in the way 
one applies any farmyard manure ?—Not that I know of. 

26950. Do you think an adequate number of observa- 
tions have been made as to how far this can be utilised 
with care on the land ?—I think so, yes. 

26951. You think that all is known that can be known 
as to the use of it ?—I think so. You see there are such 
enormous bulks of it, and the carrying comes to a very 
considerable item. y 
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2952. I was speaking rather as to the way in which 
it should be applied to the land in order to get.the best 
results without injury to the land ?—Quite. 1 think 
that has been fully gone into. 


26953. Then with regard to the method of incinera- 
tion; that you think is the best method ?—I think it is 
the only method. 


26954. Is that complete incineration, or the process 
that is adopted in several places which does not go any 
further than what we may call torrefaction, where a 
pulverisable mass is produced ?—I think that is_ far 
enough to go. There are certain advantages in only 
carrying it to that length. 

26955. That, in your opinion, is the present best 
method ?—I think it is the only method. 

26956. Of dealing with the burnt ale alone or of all 
the other matters ?—I think that need only apply to 
burnt ale. 

26957. That is, evaporation to a certain extent, and 
then the thickened material is exposed to heat, so as to 
produce a black pulverisable mass ?—Quite. 


26958. By that means a very considerable quantity 
of nitrogen is lost ?—Yes. 
26959. And that you would neglect ?—That we must 
neglect. 
26969. Could it not be recovered in any way ?—T am 
afraid not—not to pay. 


26931. Can this process of evaporation and torrefaction 
be carried on so as to pay ?—I am afraid not. I have 
mide some calculations as to that, and I am afraid it 
cannot be carried on so as to pay. - 

26962. Can it be carried on so as to cover expenses*?— 
I am afraid not. 

26963. Not even when the waste heat.of the flues is 
utilised ?—It might come down to something like paying 
itself then. But in my calculations I have not had the 
opportunity of knowing what waste heat from distilleries 
might be utilised, and I have never included it; I have 
put in the cost of fuel. 


26964. Then as to the method by bacterial treatment. 
You regard that unfavourably ?—Yes. 


26965. Do you know the process adopted at Mortlach 
by Messrs. Cowie & Co.. where they firs* ofall precipitate 
the suspended matter, then put the c'arified fluid on the 
contact beds, ending with a percolating filter? It is 
said to produce an effluent very near the Mersey and 
Irwell standard ?—Yes, I have heard of it, but I do 
not know the process; Ihave not seenit working. But 
there has always been very considerable doubt. as to what 
was going in at one end of the filter and what was coming 
out at the other. 

26966. Have you considered a process by which a 
good deal of suspended matter and some other things 
are removed by precipitation, phosphates and so on, thus 
producing a precipitant which is a fairly valuable manure ? 
—Yes. 


26967. And also rendering the remainder very much 
more amenable to bacteriological treatment.?—I have, 
but that is not my opinion. 


26968. You still think unfavourably of that system ? 
—Yes, of the effluents from that treatment. 

26969. Generally, it is evaporation and torrefaction 
that you think is the method that ought to be adopted ? 
—There is a- great deal of loss by that means, when you 
come to calculate it out with a modern plant. I have 
calculated it out in different ways, and I find that to pro- 
duce a ton of ash—— 

26970. By “ ash ” you mean friable black material ; there 
is a good deal of organic matter still left in it ?—Yes, it is 
not a pure ash. [t comes to about £6 calculated on one 
basis—from £6 to £6 5s.—to recover a ton of ash. Or 
you may look at it in another way. A great deal depends 
on the expense of fuel and on the heat value of the fuel 
you use. Using poor dross it may run from £6 6s. to 
£8 4s.; using better coal I calculate it runs to from 
£6 8s. to £7 7s.; so that you get an average of about 
£6 or £7. I calculate the ash to be worth about £5, so 
that it would mean the loss of £1 or so. But the way I 
took at it you will only ha¥e to produce about one 
ton of ash per week for a 4, 000 bushel distillery, which 
isa big one; so that the whole expenditure would be about 
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£6 or £7, and you would get about £5-for your material. 
Hence it would only cost you about £1 per week, without 
taking into account: interest, depreciation, »and interest 
on capital. fs bs 
26971. (Sir William Ramsay.) Supposing the ammonia 
were recovered that. would increase the value, would it 
not ?—Yes. 


26972. Is it not possible by means of sulphuric acid ?— 
You see you have not the bulk. 


26973. That is another question. Would it not be 
possible to bring the pot ale from a number of works to 
one centre ?—If it was possible to concentrate a number 
of distilleries into one the cost would be very much de- 
creased. 


26974. Might it be done by pipes, perhaps ?7— Yes. 


26975. If you are going to incinerate, it would not 
matter whether it were really fresh or a little putrid ?— 
If they were- collected it would have to be at a centre 
where you could get a number of distilleries, as they 
are doing on the Spey just now. J think: that one 
machine would do for the whole lot. But reaily my. 
difficulty there, is that you have such a lot of water in this 
material. There is such a lot of water to evaporate before 
you get the solid residue that you run away with a tre- 
mendous amount of heat. You must put in a pretty 
good machine, and. the difficulty is to get a very good 
machine of small enough size to deal with the quantity. 


26976. From a single work ?—Yes. If you collected 
it, and kept the machine running night and day, keeping 
up the maximum feed, you would do it very much cheaper. 


26977. The ammonia would make a difference of two 
or three pounds in the price, would it not ?—It is the 
most valuable constituent, and it is worth 10s. a unit, 
while the constituent next in value, potash, is woth 
about 3s , and you have phosphates which I take at about 
ls. or 1s. 3d. 

26978. I understand that the amount of nitrogen in 
the pot ale is something like 13 or 14 per cent ?—I spilt 
no analyses of that. 

26979. If anything like that amount could be retained in 
it, the price would obviously be very much greater ?— 
You increase a constituent which has three times the 
value of the next most important one. 


26980. So that there would be a prospect of its paying 
if the products of various works could be broug’:t to 
one spot ?—I am afraid it would not be practicable, 
but that would be the result if it could be done. 


26981. You mean lack of agreement between pro- 
prietors ?—Besides, many of the distilleries are very 
isolated. 

26982. Another point which you. mention in your 
excellent proof of evidence is as regards barley steep 
waters. You say there is a considerable amount of phos- 
phates present, and that therefore it is well suited for 
the propagation of the low forms of fungoid growths. 
Have you made any practical observations to show that 
such fungoid growths will not live unless there are phos- 
phates present ? We have been told so, and that is why 
I ask you ?—I am afraid I cannot say that. That is my 
general information, but I cannot swear to it. 


26983. You have not any proof of it ?—No. 


26984. Another point I made a note of there is the fact 
that there is a considerable amount of metallic copper 
in the pot ale ?—There may be; sometimes it is entirely 
absent. . 

26985. Does that come from the stills ?—Yes. 


26986. (Colonel Harding.) You have expressed a strong 
preference for the system of evaporation ?—Yes. 


26987. Have you formed any opinion as to the best 
method of dealing with steep and wash waters? Do you 
think they require treatment ?—Yes. 


26988. What sort of treatment seems to you to be the ~ 
best ?—The best treatment I think is to add lime and 
allow them to settle. Then I would treat the effluent 
from that very much like sewage. Taking the effluent 
from that I would treat it by broad irrigation or inter- 
mittent filtration on land. ' 

25989. Or probably, by bacterial beds ?—I am rather 
unfavourable to bacterial beds from what I have seen 
in practice. The bacterial beds would remove the residue 
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of the organic matter, but they would not have very much 
effect on your potash or your phosphates, they would pass 
through, and they would still be included for the pro- 
pagation of any form of life afterwards. 1 think the best 
way to dispose of it is to distribute it on land, grow a 
crop on it, and let the crop absorb the phosphates, and 
you get practically land drainage. 
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26990. That is not always practieable on accourt of the 
levels, is it ?—It might not be, but it might be made 
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practicable almost everywhere; it would be a question Macadam, 


of pumping, and that again would lead to expense. But 
these distilleries are generally situated in country districts 
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purposes. 


Mr. F. Wauuis Stoppart, F.1.C., F.C.S., called ; and Examined. 


26991. (Chairman.) I have only to ask you whether 
we may print this statement of yours in our evidence and 
have it on the Minutes of the Commission? A proof will 
be sent you for correction ?—Yes. 


The information I have to lay before the Royal Com- 
mission relates to the treatment of sewage in tanks as a 
preliminary to its application to filters, and consists of a 
statement of the results of certain experiments instituted 
primarily with the object of ascertaining whether improve- 
ment could be effected in the removal of suspended solids 
without having recourse to the use of chemical precipitants, 
That sewage can be satisfactorily treated, so far as its 
liquid and dissolved constituents are concerned, by 
simple application to a natural or artificial oxidising 
bed is, I think, clearly proved by recorded experiences 
on both the small and large scales ; but that some method 
of removing the suspended solids before filtration is 
necessary, and that the effect of filtration is more perfect 
the more complete the removal of the solids appears to 
be equal'y plain. 

- Under the impression that the septic tank effected 
the desired separation of solids, I carried out some experi- 
ments at Exeter in the winter of 1898 with the permission 
and co-operation of Messrs. Cameron, Commin & Martin. 
The filter used was an elementary form of the Con- 
tinuous Filter, the medium however being a fine breeze, 
which speedily became choked with the suspended solids 
. contained in the tank effluent; and appreciating that 
no improvement in this respect could be looked for, the 
experiment was abandoned, my time being occupied with 
the construction of the filter. I was able to return to 
the question of tanking in 1903, and at. first employed 
a submerged clinker bed, as this had been favourably 
reported on by various experimenters, and in one case 
at least within my knowledge was giving good results, 
though a considerable amount of offence was occasioned. 

As earlier experiments had shown the impracticability 
of maintaining an upward flow in beds of this kind owing 
to accumulation of solids at the base, in this instance 
the liquid was made to pass horizontally through a bed 
of clinker graded from three inches to one inch in the 
direction of flow. The experiment was started in March 
and abandoned in the following September, as it was 
found impossible to produce as good results as with a 
simple tank of the same size, the liquid produced being 
by no means devoid of solids, but being highly offensive 
and comparatively insusceptible to the oxidising process, 
whilst a very luxuriant growth of sewage fungus took 
place at the outlet. These phenomena, the cause of 
which was not very clear at the time, were abundantly 
explained by later experiments. 

A tank was then constructed with three submerged 
walls alternating with scum boards, the intention being 
to produce an undulating flow, and so to encourage the 
deposition of solids in the compartments. A clarifier, 
consisting of a bed of clinker one foot thick, was placed 
at the outlet end. The inlet was a submerged T pipe, 
and the outlet was a simple sill. The net capacity of 
this tank was 4,385 gallons, and the quantity of dry 
weather sewage passed through it per diem was 5,000 
gallons. This tank acted extremely well, and in its main 
features was identical with that now in use; but as a 
result of watching its performance it was decided (1) that 
the submerged inlet was a disadvantage, as it produced 
_ a disturbance at the point at which the sewage entered 

the tank, driving the deposit forward; (2) that the 
_ clarifier was ineffective, as it became so clogged with 
growth that the passage of liquid took place at one cr 
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two points only; and (3) that a good deal of trouble FP, Wallis 
arose in the filter from the floating up of masses of Stoddart, 
deposit, and the detachment of matter from the under ‘F-..1..C., 
surface of the scum, the solids from both sources travelling -C.S. 
forward with the current, and ultimately passing out 3 Feb. 1908. 
upon the filter. These observations were confirmed oor 


at the installation at Knowle, where there were two 
distinct tanks worked in series. It was there found that 
when the second tank was fairly clean, so that no great 
amount of fermentative action was going on, and it acted 
merely as a settling tank for solids coming forward from 
the first, much better results were obtained than when 
septic changes were gcing on vigorously in both. 

It was thought that it would be better to raise the 
submerged walls to a level as near the surface as possible 
with a view to intercepting these floating masses of solids. 

About this time I began to make systematic inspections 
of a variety of sewage works, in some cases opening 
up filter beds of different types that had become more 
or less ineffective, and was struck with the close similarity 
between the deposit which coated the medium, even 
where no tank was used, and that which could be seen 
passing away from the tank under observation. This 
deposit is obviously not sewage solids, nor the simply 
exhausted residue of such solids after digestion, because 
it consists very largely of substances not present in the 
original sewage at all, prominent amongst them being 
a gelatinous ferrous sulphide, plainly a most unsuitable 
substratum on which to develop oxidising organisms. 
It was noted, further, on comparing the features of the 
works inspected, that the production of this deposit, 
which occurred in widely different appliances, such as 
septic tanks and contact beds, agreeing only in sharing 
the “holding up” principle, was very closely. con- 
nected with the length of time the sewage was detained 
in a stagnant condition, and was coincident with the 
disengagement of offensive odours when the resulting 
liquid was exposed. 

The subdivision of the experimental tank already 
described allowed also of the observation of the character 
of the deposit in the successive compartments, and it was 
seen that whereas the material in the first resembled in 
appearance precipitation sludge, and was not markedly 
offensive, that in the last consisted of the black deposit, 
and was much greater in amount than might have been 
anticipated, being sometimes indeed more than in the 
earlier compartments. 

All these observations pointed to the common origin 
of the objectionable phenomena in excessive putrefaction, 
and to the inadvisability of detaining the sewage longer 
in the purification plant than is necessary to free it suffi- 
ciently from suspended solids ; and I was so impressed by 
the absolutely imperative necessity. of preventing the 
diffusion of offensive odours and the formation of second- 
ary deposits, that I was inclined to think that it would 
be profitable to partly forego if necessary the advantages 
of the destruction of sewage solids by septic action, if by 
accelerating the treatment this result could be reached. 
A second tank of 5,000 gallons capacity was therefore 
constructed and completed on June 21st, 1904, for the 
purpose of observing the effect of different rates of flow. 
It differed from the first tank in having the inlet three 
inches above the surface of the liquid, in the absence of a 
clarifier, and in having the free margins of the 
walls and scumboards nearer the surface. The older 
tank, which had become sludged up to a depth of thirty- 
two inches in nine months, was altered to match, and Loth 
presented the construction shown in the section produced, 
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These tanks were then used at constant rates of flow 
from one tankful per diem upwards, and it was found that 
whilst with a rate of two capacities and upwards no evi- 
dence of over-putrefaction was observed, very little, if any, 
difference in the rate of accumulation of solids or in the 
effectiveness of the total treatment by tank and filter 
could be detected up to a daily flow of 15,000 gallons, 
or three capacities; but that at 32,000 gallons or six 
capacities sludge began to accumulate faster, and the 
filtrate began to deteriorate, whilst at 45,000 gallons 
or nine capacities, when the tank effluent contained 
between forty and fifty parts of suspended solids per 
100,000, the appearance of the filtrate was such that it 
could not be considered satisfactory, although it is 
interesting to note that nitrification was even then well 
marked. 

These experiments were defective in one respect, namely, 
that the gradually increasing deposit of sludge and diminu- 
tion of tank capacity rendered the conditions less favour- 
able as they progressed, that is as the higher rates of flow 
were reached. This was not appreciated at the time, 
and it would be of great interest to repeat the observations 
with a tank kept at constant capacity ; unfortunately the 
imminent closure of the works renders this impossible. 

Whilst then the acceleration of the tank treatment 
up to the point of a daily flow ejual to three times the 
capacity of the tank was found not to involve the accumu- 
lation of a greater quantity of sludge, the diminished 
degree of putrefaction was found to do away entirely with 
offensive odour, with the formation of seum and of second- 
ary products. Up to this point all the experiments had 
been conducted with a constant rate of flow ; and the next 
step was to arrange a tank to be fed at the naturally 
variable rate. As the increase above average dry weatlter 
flow at the most active time of day is about 50 per cent. 
and it did not seem desirable that the rate at such times 
should much exceed three capacities per day, it w as decided 
to feed the tank daily with a quantity of dry weather 
sewage, namely, 10,000 gallons, equal to twice its ecapacity 
and to allow diluted sewage up to 30,000 gallons pr day to 
enter the tank during rain. 

This quantity was taken by a bye-pass from a box of 
100 gallons capacity, the contents of which were kept in a 
constant state of agitation by the discharge of the sewer 
into it, so that the sewage treated fairly represented in all 
respects the bulk of that brought to the works for treat- 
ment. 

One other modification in working was introduced. 

The first experiments in which the quantity of sewage 
tanked per day was, in accordance with the usual practice, 
equal to the capacity of the tank, had resulted in sludging 
up the latter in nine months to an extent which interfered 
with efficient clarification. Thjs is perhaps a shorter 
period than is observed with LEN: of less concentrated 
character than that at Horfield ; but experience at Knowle 
and elsewhere goes to show that with ordinary domestic 
sewage the tank becomes so full of deposit in from twelve 
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to fifteen months as to cease to perform its functions 


satisfactorily. Not only is the net capacity of the tank 
materially diminished, but larger and larger quantities 
of deposit begin to pass away with the tank effluent, 
and interfere with the efficiency of the filter attached. 
The process of cleaning out the tank being an unpleasant 
and troublesome one, it is frequently unduly postponed. 
It seemed preferable, therefore, to arrange for the with 
drawal at short intervals of smaller quantities of sludge 
and it was decided in the final experiment to remove the 
contents of the first compartment when necessary, for 
















which purpose a chain pump was fixed in position, and a _ 


small plot of ground was trenched to receive the sludge. 


One of the tanks then was cleaned out and started to 
work on November 18th, 1904. On December 22nd— 
thirty-four days later—sludge had accumulated in the 
first compartment to a depth of nearly five feet, and 
being pumped out measured 135 cubic feet. After this 
the sludge was pumped regularly from the first com- 
partment monthly, and has measured on the average 125 
cubic feet. There has been a small quantity of sludge 
in the second compartment from the early stages of the 
experiment, but it has not increased, and the third and 
fourth compartments are perfectly clean after the lapse of 
fourteen months. The depth of sludge has been measured 
most satisfactorily by a system of pointed cups arranged 
in spiral fashion upon a rod at intervals of aninch. This 
instrument is placed vertically in the tank, left for five 
minutes and withdrawn, when an exact record of the depth 
of sludge, and samples at all depths are obtained. 


The dry solid matter removed per month represents 
about 20 per cent. of the raw sewage solids; it is by no 
means Offensive and, as it contains an appreciable quantity 
of nitrogen and phosphates, can be beneficially applied as 
a manure. 


The tank effluent contains on the average fourteen 
parts per 100,000 of suspended solids, and varies in this 
respect from eight to twenty parts. It is consistently 
free from smell, and from the other evidences of putre- 
faction. About the middle of August the tank assumed 
the usual septic appearance, a firm scum forming on the 
surface, and the effluent becoming of a dark colour, though 
there was no appreciable amount of black deposit in the 
channels. It was found that, owing partly to continued 
drought and partly to the temporary withdrawal of 
troops, the quantity of sewage had fallen and the quantity 
actually passing through the experimental tank was only 
6,000 gallons per day. On opening the bye-pass to admit 
more sewage all the indications of over putrefaction dis- 
appeared except the scum which, though much thinned 
and broken, has not entirely vanished. I am of opinion 
therefore that the appearance of a true bacterial scum is 
the first indication of over-putrefaction, and that by 
maintaining the rate of flow through the tank at a point 
which falls just short of permitting this development the 
most common and forcible objection to the establishment 
of sewage works, namely, the diffusion of offensive odours, 
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can be entirely obviated, whilst the efficiency of the 
works as a whole will be distinctly promoted. 


But whilst this presents no serious difficulty when 
dealing with the sewage of a population of a certain size, 
the extreme variations in the output of very small popu- 
lations of a dozen persons or so render the adjustment a 
matter of considerable difficulty. So much so indeed 
that whilst I am convinced the efficiency of these works 
can be advanced by a proper regulation of tank capacity, 
I am inclined to doubt whether the production of offensive 
smells can always, and under all conditions be prevented 
by these means. Fortunately this is easy to effect on the 
small scale by enclosing the entire plant, and arranging a 
through current of air from the outlet of the filter through 
the latter and the tank to a suitable ventilating pipe. In 
this way not only is smell prevented but the necessary 
conditions for the proper purification of the sewage are 
observed. 


In the course of these experiments two observations 
were made as to the rate at which sewage sludge will 
disappear in si‘u in the tank if left to itself. In the first 
case the depth of sludge diminished from thirty-two to 
nineteen inches—a reduction of 40°6 per cent. in three 
months; and in the second case from forty-four inches 
to thirteen inches, a reduction of 70 per cent. in twelve 
months. It was hoped that the destruction would be so 
complete that by providing alternative tanks it would be 
possible to dispose of practically the entire sludge in this 
simple way, but the results did not encourage this idea. 
In the second of these experiments the tank was under- 
drained to a valve in order that, after syphoning off the 
top water, the sludge might be drained, but the residue 
was too tenacious to be treated in this way. 


26992. (Sir Michael Foster.) Your view is that the septic 
tank leads to such conditions as produce that black tena- 
cious stuff which clogs up the filter ?—Yes. 


26993. Have you any idea of what that is and how it is 
brought about ?—It is unquestionably precipitated from 
solution by the inter-action of sulphides and carbonates 
resulting from the change in the sewage with the iron and 
other elements present in the sewage in solution. I am 
speaking of the black material which deposits in the later 
part of the tank and on the particles of the medium in the 
filter, but I am not speaking of what are commonly called 
blacks coming away from the coarse continuous filter. 


26994. (Sir William Ramsay.) Have you any analyses 
of the sludge of tanks in which the septic action has not 
been thorough or has not gone on to the ordinary extent ? 
In what way does the composition of the sludge differ 
from the sludge in tanks which are run for much shorter 
periods ?—Chiefly in the presence of ferrous sulphide in 
considerable quantities. 


26995. What becomes of the sulphuric compounds ; 
are they not decomposed at that stage—there are sulphates 
reduced to sulphides ?—Yes. 
26996. I suppose that is theory ?—That is theory, yes. 
26997. But the reduction does take place ?—Yes. 


26998. Is that owing to the organisms not being there 
or not having time ?—Both to some extent, I think. 


26999. (Sir Michael Foster.) Would not some sulphide 
come from organic matter ?—Of course, sulphide may be 
derived from organic solids, but I think the bulk of the 
sulphide is the result of simple reduction of sulphate. It 
is a difficult matter to prove absolutely, of course. 


f 27000 (Sir William Ramsay.) I notice that in your pam- 
phlet you say: “Precisely the series of phenomena de- 
scribed may often be observed where sewage is discharged 
into running water. Immediately adjacent to the outfall 
there is a deposit of sewage solids and a luxuriant 
growth of sewage fungus but no marked discolouration or 
offensive odour. Further down stream, and often separated 
from the outfall by a perceptible interval, the black de- 
posits and offensive odours, popularly attributed to the 
sewage itself, but really due to the products of its decom- 
position, are to be observed.’ Can you give us instances 
of any spots where that has been noticed ?—It was very 
noticeable in the water course at Knowle before the estab- 
lishment of the works in 1899; it is no longer there, be- 
cause the works have been done away with. 

27001. I merely wanted to know where it had been 
observed ?—That is the instance I had in my mind when I 
wrote that paragraph. 
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27002. Why is it objectionable that a septic tank should 
cover itself with a thick bacterial scum ?—Because me- 
chanical troubles result from the detachment of the under 
surface of the scum, the particles detached passing on with 
the flow and lodging in the upper part of the filter. That 
is my chief objection to it. 


27003. The coverings I have seen have been very com- 
pact, tough sorts of coverings. But you think they are 
constantly detaching pieces from the lower surface ?— 
The lower surface is anything but compact. With a tough 
scum it is quite easy to cut a sample with a spade, which 
will be perfectly firm on the upper part, but when it is 
withdrawn from the liquid it is generally found to have a 
number of long filaments which break away. It is im- 
possible to remove the sample of scum without leaving 
behind in the water stringy particles detached from the 
under-surface. 


27004. Which are constantly being taken away by the 
flow and deposited in the filter ?—Yes. 


27005. You make a remark as to opalescence which is 
rather striking. You speak of feeding the tank at a con- 
stant rate with dry weather sewage, and you say: “ At 
thirty to thirty-five gallons per cubic foot (five to six 
capacities) the filtrate began to deteriorate, as shown by 
the appearance in the filtrate of the persistent opalescence 
characteristic of sewage and tank effluent, whilst at fifty- 
six gallons (nine capacities) the filtrate was hardly distin- 
guishable in appearance from tank-effluent, although there 
was still a fairly strong nitrification. This opalescence is 
perhaps the most valuable of the rapid tests for final 
effluent, as its appearance invariably indicates the ap- 
proaching breakdown of the filter.” That is very interest- 
ing ; but what kind of instances have you to show that this 
opalescence means the breakdown of the filter ?—‘‘ Break- 
down”’ is perhaps ambiguous. I mean that the filter is 
becoming over-taxed with the quantity of liquid applied. 
All tank effluents, so far as I know, with the exception of 
one or two very completely clarified chemical effluents, 
have this pers‘stent opalescence which refuses to clear if 
the liquid is allowed to stand for twenty-four hours. Ina 
good filter effluent, in my opinion, there should be nothing 
of that sort ; there should be solids in suspension, but they 
should completely clear rapidly. If a filter is treated with 
gradually increasing quantities of tank effluent one 
arrives at a point at which the final filtrate refuses to clear 
rapidly ; the coarse particles which are still present do 
subside, but there remain in suspension very minute solid 
particles which give this opalescence. Directly that 
appears it seems to me that the tank effluent is going 
through insufficiently treated, and that view is supported 
by the ordinary details of analyses, when we find the 
analyses of the filtrate deteriorate in other respects. A 
final filtrate showing a little of this opalescence may be 
imputrescible, but when you are brought to a point at 
which it begins to be putrescible then I say it is a rough 
and ready indication of the condition of the effluent. 


27006. That is colloidal matter in suspension, I suppose, 
which would otherwise be affected by the filter ?—It is 
matter in suspension; I should hesitate about c.1 ing it 
“ eolloidal.’’ 


27007. Have you any theory as to whether the substance 
in such suspension is at{acked by passage through the filter 
or whether it requires to be in solution first ?—I have no 
absolute proof either way, but my impression very strongly 
is that this finely divided suspended matter is intercepted 
by adhesion to the filter, and is there either destroyed or 
converted by the living organisms in the filter, so that it no 
longer appears in the final effluent in the shape in which 
it arrived in the filter. 


27008. You mean that it is converted into soluble 
compounds ?—I am speaking rather theoretically now, 
because I cannot advance experiments in proof. I 
think it is part of the feeding of the living organisms 
in the filter; if it is applied in reasonable quantities 
it is broken up and converted, and no longer appears 
in the shape in which it appeared in the filter. I do 
not think the suspended solids in the tank effluent should 
pass through a filter in good condition in the state in 
which they are applied to the filter at all. An almost 
corresponding amount by weight may pass away from 
a filter in good working order, but it must be entirely 
altered in constitution; microscopically it is entirely 
different ; the solid deposit from the filtrate is entirely 


. different in character; although it may be almost equal 
a 


5c 2 


Mr. 

F.. Wallis 
Stoddart, 
FIGs, 
F.C.S. 





8 Feb. 1906. 





Mr. 

F. Wallis 
Stoddart, 
Fil .Cs 
F:C.8. 





8 Feb. 1906. 





756 


in amount to the suspended solids applied with the 
tank effluent. I think the finely divided matters probably 
adhere to the particles of medium very much as in the 
case of the sand filters of the water companies, although 
the thing is worked on rather a different system, and 
that the organisms actually live upon them together 
with the constituents of the sewage. The organisms 
forming this scum upon the particles of the filter un- 
doubtedly do shred away, because microscopically we 
find that particles which come away with the final filtrate 
are identical with matters which you can scrape off 
the particles of the clinker in the filter in good working 
order. You get infusoria of a great number of types, 
organisms which are altogether absent from the incoming 
solids, and which are presumably being developed upon 
them. ‘ 

27009. Have you ever examined the opalescent liquid 
microscopically ?—Frequently. 


27010. Can you see the particles ?—You see a great 
number of bacteria, but you are doubtful how far the 
opalescence. is due to bacteria or to other matter. 


7011. (Colonel Harding.) In the first compartment 
of your settlement tanks you must necessarily obtain 
a scum which is formed largely of light matters floating 
on the surface ?—Yes. 

27012. You draw a distinction between that and 
what you speak of as bacterial scum ?—Yes. 


27013. What is, in your view, a bacterial scum ?—It 
is a very complex matter, but it is largely formed of 
new growth, of filamentous fungoid growth, growing 
upon and living upon the sewage. The scum which 
forms in the first compartment consists largely of corks, 
match-sticks, fruit-skins, and other matters obviously 
introduced as such with the sewage. 


27014. But you speak with dissatisfaction of the 
formation of a bacterial scum, and I wanted to find 
out exactly what was the difference between your bacterial 
scum and this—I am afraid—unavoidable scum which 
arises in the early part of the tank ?—The difference 
is that the bacterial scum is a growth in the tank, formed 
only after the sewage has remained in the tank for some time. 
The longer the sewage has remained in the tank the thicker 
and the more voluminous is the bacterial scum. If 
the sewage is passed at a sufficiently rapid rate through 
the tank, the bacterial scum does not form. I object 
to the bacterial scum chiefly on mechanical grounds— 
the difficulty it introduces into the filter. I look upon 
the scum as an indication that the process of resolution 
is approaching offensive putrefaction. J do not so 
much object to the scum from its unsightly appearance, 
but I object to the offensive smells from the tanks, and 
as far as my experience goes the time of offensive smells 
is approaching when the scum becomes well developed. 


27015. Why do you call it bacterial ?—I am afraid 1 
have taken that from reading the name by which it 
is generally known. I think everybody recognises 
the bacterial scum of a septic tank. It is quite true 
that bacteria form only a small part of it probably, 
but it is a very complex growth. 


27016. You look upon it as an evidence of having 
reached or of being about to reach the putrefactive 
stage ?—Yes, precisely. 


27017. There is an evolution of gas in the deposits at 
the bottom, and this development of gas probably raises 
particles to the surface; is it the evolution of gas that 
you deprecate ?—No. I do deprecate the formation 
of gas for other reasons. The evolution of bubbles 
of gas obviously disturbs very much the contents of 
the tank, and prevents the object of the tank. 


27018. Suggesting as you do that the accumulations 
may and do remain for many months, can you avoid 
the evolution of gas? If the liquid passing through 
is not putrefactive, surely the deposits in the tank which 
remain for many months—twelve months as you suggest— 
must become putrefactive ?—My proposal is not to 
allow the deposits to remain for anything like as long 
as twelve months. At the rate of flow which I advocate 
in the paper to which you refer the putrefactive changes 
are not so active as obviously to result in the production 
of bubbles of gas. The expression “‘ putrefactive change ”’ 
must cover, I am satisfied, a very great variety of changes 
indeed, only some of the later of which result in the 
production of the offensive matters which have drawn 
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one’s attention particularly to this tank question. I 
think, to begin with, the amount of simple soluble matter 
in excrement and sewage solids has been under-estimated 
very much. J had some experiments—they were not 
carried out so completely as I wished—but I had some 
experiments showing that quite considerable quantities are 
soluble in water under circumstances which did not allow 
any putrefactive change whatever. The extraction 
of such matters by chloroform water for instance shows 
that a very large amount is just soluble without any 
further putrefactive action at all. Then beyond that 
the changes included in the expression “ putrefactive 
changes’ must be of a widely varying character—must 
constitute a series of changes one after another. But 
I conceive that it is quite possible to carry out the earlier 
changes in a long series, and to avoid the later changes 
which are accompanied by the production of gases and 
offensive matters. 


27019. Notwithstanding the increase in the flow which 
you suggest as a proper course to take, there must be some 
putrefactive change in the deposit ?—Unquestionably 
it is going on. 

27020. The interest of what you have brought before 
us seems to lie in this, that you think it is a mistake to 
leave the sewage in a tank for what has been the usual 
septic period of twenty-four hours ?—Yes. 


27021. And that it is better to pass the sewage through 
the tank more rapidly, but you point out that notwith- 
standing that more rapid passage there is in your opinion 
as great a digestion of suspended matter as there would 
be if you left it for the longer period which is usual in 
septic tanks ?—I do not think I quite said that. - 


27022. I thought you had expressed a rather strong 
opinion to that effect ?—May I just say that I think the 
destruction of sewage solids is probably progressive. If 
the sewage solids are left for twenty-four hours more are 
destroyed than in twelve hours. But I do not think the 
difference is very appreciable, and I think that that 
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difference is counterbalanced by the formation of new ; 


solids. 


27023. Secondary. products. You suggest to us that 
by leaving the sewage for a shorter period in the tank 
you avoid the formation of those secondary products ?— 
Precisely. 


27024. And that although there may be some additional 
digestion in the longer period of tankage there is the 
disadvantage of getting these secondary products formed ? 
—Exactly. : 


27025. What are the secondary products ?—The 
secondary products are of two or three kinds. There 
are solid actual  precipitations formed as a result of 
leaving the sewage longer than is desirable in the tank. 
There are soluble very offensive matters which give an 
offensive odour to the ordinary septic tank effluent. There 
is a great deal‘of gas formed, which I do not think is of 
very much importance, because gas which is evolved from 
these tanks is practically inoffensive, at any rate in an 
open tank. The objectionable secondary matters formed 
are the new solids, comprising, as I think I show, a con- 
siderable amount of ferrous sulphide which in consequence 
of its great appetite for oxygen is a most objectionable 
thing in an oxidising filter ; and secondly I object to the 
offensive smells which result probably from the formatior 
of organic sulphides as a result of the overdetention of 
the sewage in the tank. 


27026. If by your more rapid flow you avoid this 
formation of secondary products, what becomes of the 
matters which give rise to these secondary products when 
you pass them forward in the filtrate in solution or in 
colloidal solution on to the filter! Do they then in the 
filter settle out and come into suspension ?—I think not 


necessarily. It is a very difficult subject you are putting 
to me. ' 
27027. I want your opinion upon this. If by your 


more rapid flow you avoid this deposit in the tank, what 
becomes of the matters which give rise to the deposit ; 
do they give rise to suspended matter in the discharge 
through the filter, which suspended matter is possibly 
acted upon by bacterial life, but the greater part of which 
comes out with the filtrate ?—1 think not—not at all, 
Take the instance of the ferrous sulphide. Assuming there 
are sulphates in the sewage under ordinary conditions the 
sulphate is reduced to sulphide, the iron in solution in 
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the sewage deposits in the later part of the tank ; in the 

» channels of the filter on the medium of the filter is a black 
solid uniform substance. If you hurry the sewage through 
the sulphates remain sulphates, and the solution passes 
through ana no harm is done. Do you not find that in 
passing through the percolating filter there is a consider- 
able discharge of matters from solution to suspension ? 
I think you yourself said in an answer to Sir William 
Ramsay that in some cases you got as much or more 
suspended matter, though in a different form, than went 
in ?—I do not think I found more, but I found nearly 
as much. 


27028. Do you not think it likely that there is a con- 
siderable amount of matter discharged from solution 
into suspension ?—I am not in a position to contradict 
that, but there is evidence by other investigators tending 
to show that this colloidal matter, if it exists, does assume 
visible shape on points of contact, but I do not think that 
my experiments show that necessarily. I think I can 
sufficiently explain the presence of the suspended solids 
in the final effluent by assuming that they are derived 

‘from the shredding away of the growth upon the particles 
of the medium. It is quite true it may be the case that 
the growth is in the first instance a mere deposit of solids 
resulting from colloidal matter in the tank effluent settling 
on the medium and becoming afterwards permeated with 
these organisms which the microscope shows you are 
there and are probably eating up and destroying this 
matter. That is a very nice point, and although as regards 
the practical treatment of sewage it does not very much 
matter it is a point we would like to decide. 


27029. Coming to an essentially practical matter, do 
you foresee that there would be much advantage in sub- 
stituting your more rapid flow for the slower septic flow 
seeing that the amount of suspended matter in the tank 
“effluent will be about the same, and that the amount of 
suspended matter in the filtrate will be about the same ; 
do you see that there is any great advantage in substitut- 
ing the more rapid flow for the smaller flow, apart from 
the question of nuisance ?—No, not apart from the 
question of nuisance. 


‘27030. The avoidance of nuisance is the only ad- 
vantage that you suggest would arise from having a 
more rapid flow into the tank ? 


27031. (Sir Michael Foster.) I thought your position 
was that the filter acted better on the tank effluent in 
the absence of the dark and later decompositions ?—I 
was about to get that in reply. The offensive bodies 
are in themselves inimical to satisfactory filtration. 


27032. (Sir William Ramsay.) You are doing a lot of 
work which has afterwards to be undone. Is not that 
the whole thing ?—Exactly. 


27033. (Sir Michael Foster.) Is it not rather that you 
are producing in your septic tank in these later stages 
things—to speak in a general way—which interfere 
with the proper action of the filter ?—Yes. Those are 
the two points I raise in my paper—the offence and the 
difficulties introduced. — 

27034. (Colonel Harding.) The special advantage in 
your opinion is the advantage to subsequent filtration ?— 
Yes. 

27035. (Sir William Ramsay.) And also the matter 
of tank capacity. If you give it only half as long you 
require only half the capacity. 

27036. (Colonel Harding.) What I really wanted to 
know was what you thought became of the matters 
which give rise to the secondary products in the septic 
tank ?—I think they largely remain in solution and 
are unobserved. 

27037. In fact, do you not think that there is in the 


filtrate, either from the septic tank or from your quicker . 


flow tank, a considerable amount of suspended matter ?— 
In the effluent ? 

27038. In the filtrate ?—There is, in all cases. I do 
not know a single coarse filter of the type I approve of 
that is not giving such a filtrate. 

27039. Then it is necessary in these cases to have a 
final sedimentation of these matters ?—We are experi- 
menting a good deal upon that. I have not been very 
successful with a settling tank. One was constructed 
at Horfield; we got rid of the blacks to a very great 
extent, but they did not settle as rapidly as we had 


757 


anticipated.. At several places —at Salisbury, as I think 
you are aware—they have been separating the deposit 
from the final filtrate on fine shallow beds with con- 
siderable success, except that it involved a certain 
amount of labour. 


27040: Do you think the amount of suspended matterin g. Feb, 1906. 


such a filtrate would be too great to be allowed te go into 
the stream ?—I think it would depend upon the special 
case in point. I should not suggest anything of the 
kind with regard to Bristol sewage if the Corporation 
chose to deal with it in this way. ; 

27041. About what amount of suspended matter have 
you in the filtrate per 100,000 ?—More. 

27042. Six ?—Well, five. 

27043. Do you suggest that that might safely be 
allowed. to go to the stream ?—In certain streams. 


27044. In the condition of Bristol ?—Unquestionably. 


27045. Because you have there a large stream and 
tidal ?—And not likely to be used for drinking purposes, 
and Bristol not being so situated as to cause trouble to. 
places below. 

27046. In regard to quite small installations, for either 
small village communities or mansions, or institutions, 
have you any experience of having put up little plants 
with tanks followed by filtration ?—I should like to give 
you a description of one such plant. 


27047. Where is it ?—At an institution four miles. 
out of Bristol—at Almondsbury. 

27048. How many ‘persons does it provide for ?— 
It is a convalescent home and village club and a place of 
resort for a great number of cyclists and other visitors 
from Bristol, so that the population is an exceedingly 
variable one. The permanent staff is five nurses and 
commonly four or five patients, but the visitors on public 
holidays. amount to hundreds. 

27049. Have you carried out any installations such 
as I mentioned, for about twenty persons—a more 
regular population than in the example you were de- 


scribing ?—Yes, I have been concerned in a great number: 
Ido not actually con- 


of schemes of about. that size. 
struct the works. 


27050. Are you able to give us any experience in 
regard to such works carried out on your lines—quite 
small installations ?—Great numbers of private houses 
and places of that sort are fitted with filters of this 
character, but this question of the tanks has only 
recently been developed. 


27051. If you had a flow of 500 gallons a day your 


tanks would be exceedingly small—two feet square in 
these compartments ?—Yes. 


27052. Does that work practically ?—No, I am afraid 
it does not. I.am afraid that a tank of less than 500 
gallons capacity cannot be satisfactorily worked upon 
this principle. And more than that; these very small 
installations are subject to this trouble, that the popula- 
tion fluctuates enormously. In a country house for 
instance, the occupants, with the exception perhaps of a 
caretaker or two, will go away for a month, and the 
whole thing will become exceedingly stagnant and putrid. 
There are several additional complications in regard to 
very small installations, and I am inclined to think that 
the proper course to adopt is that which was adopted 
in the case of the institution I commenced to describe 
just now. Briefly, it consisted of enclosing entirely the 


whole thing, establishing a current of air through the 


whole system from the outlet of the filter to the ventila- 
tion pipe on the sewer. It can be done quite easily 
without any prejudice to the action of the system as a- 
whole, and the effect is the entire abolition of smell so far 
as the people are concerned. 


27053. May I take it that your experience does not 
enable you to recommend to us any system of sewage 
treatment for either very small communities or small 
institutions and mansions where there are no sewers ?— 
I cannot accept that, because I have frequently recom- 
mended systems, and many of them are working very 
well. ‘ 

27054. Can you recommend to us one that would be 
suitable ?—Unquestionably. I would have brought with 
pleasure a tracing of the plans of a system for a dozen 
people. 
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27055. You suggested that it was not practicable to 
ase a tank system for less than 900 or 1,000 gallons, did 
you not? Or did I misunderstand you ct am. sorry 
if I conveyed that impression. I think I said that this 
suggestion of making a tank equivalent to half a day’s 
ow cannot be carried out inits entirety on asmall scale. 


27056. For between 500 and 1,000 gallons a day can you 
on your plan suggest a plant to deal satisfactorily with 
so small a flow ?—Oh, yes, for a flow of from 500 to 1,000 
gallons a day undoubtedly. 


27057. For 500 gallons ?—Five hundred to 1,000, 


es. 
27058. You can ?—Yes. 


27059. What sort of plant would you use ?—Simply 
a tank and a filter. 


27060. Have you instances where such plants are at 
work and have been for some time ?—Yes. 

27061. Would you refer the Commission to them ?— 
Certainly. 


27062. If you would give Mr. Willis the addresses at 
which such plants can be seen, I think it would be of 
interest to the Commission ?—I will do so with pleasure. 


27063. (Sir Michael Foster.) Is it an open tank in these 
eases ?—They vary. In the case of the institution I 
was describing just now the tank is, in a sense, open ; 
it is not a covered tank in the usual sense, but the whole 
installation, tank and filter, is enclosed in a brick chamber. 
Another one not very far from the same spot has the tank 
constructed of the size I am suggesting, of only 450 
gallons capacity, but it is roofed in exactly as a septic 
tank ordinarily is, and the filter is exposed at some 
distance. 


27064. In none of these cases are you prepared to 
apply the system you have spoken of in your memoran- 
dum ; you allow a longer stay in the septic tank ?—Not 
because I desire the longer stay, but because the con- 
ditions, the variation of flow, and so on, compel one to 
compromise to a certain extent. 

27065. (Colonel Harding.) In such cases you have 
to deal with an average, and you cannot help at times 
bringing about putrefactive conditions ?—Exactly. 
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27066. And to avoid the evils resulting from that you 
suggest that the tank part of the plant should be covered 
up ?—The whole plant. 


MINUTES OF EVIDENCE : 


27067. Including the filters ?—Including the filters. 
The trouble arises from the exposure of the tank liquor 
as it is applied to the filter ; that is where the real trouble 
arises. The smell very seldom arises from the open 
tank, in my experience, but the little disturbance result- 
ing from: the application of the tank effluent to the top 
of the filter—whatever means is adopted—seems to be 
sufficient to liberate the smell, 


27068. On so small a scale would you recommend a tank 
capacity of about half the daily flow ?—At the present 
moment I think the capacity cannot well be less than 
about 500 gallons; I think there are difficulties with a 
smaller capacity. 


27069. That is what you advise with a small installa- 
tion ?—Yes. 

27070. And would you. advise the same division into 
sections that you show in your little pamphlet ?—Not — 
so many sections, of course, in so small a tank. They 
are generally constructed with one median submerged 
wall and two scum boards. 


27071. We should be interested if you would give our 
Secretary the addresses at which such small plants, work 
ing satisfactorily, on your lines could be seen ?—Very good. 
Might I just show the Commissior a simple arrangement 
for sampling the sludge? (Model produced.) This is 
made in suitable lengths for the depth of the tank. .A 
rod is provided with little pointed cups at intervals, and 
on being placed vertically in the tank the cups fill up 
to the top of the sludge, giving the exact measure of the 
condition of the sludge at different depths. It is far 
more reliable than the glass tube. 


27072. (Sir William Ramsay.) One question as regards 
a difficulty experienced in the flow through the tank. 
For example, do short cuts occur? Does your liquor 
take short cuts, going through particular channels 
without making use of the whole tank ?—That is undoubt- 
edly the case, and it was with the idea of meeting that that 
these scum boards and submerged walls were introduced. _ 
You can readily see that the liquor is actually taking a 
short cut by watching the top of the submerged wall ; 
you see the particles passing much more rapidly immedi- 
ately over the wall. 


27073. Is there any special shape of the tank to prevent 
these short cuts ?—I have generally made them three 
or four times long as broad. 


27074. And put in these boards ?—Certainly. 
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Mr. Grorcz Rein, M.D., D.P.H., County Medical Officer of Health, Staffordshire, recalled ; and further Examined. 


Me. 27075. (Chairman.) I tkink, Dr. Reid, all that I 
George Reid, have to ask is, you put im this pamphlet and it will go 
M.D., D.P.2. down upon our minutes of evidence ?—Certainly. 

In my previous evidence before the Commission, I 
29 May 106. gave particulars of the working of a sewage disposal 
plant at Hanley, which had been constructed in order 
to determine whether single Altration of septic tank 
effluent through 4 ft. 9 mm. filters would produce a good 
effluent in the case of the sewage in question. The filter 


plant, it will be remembered, consists of two beds, cir- 
cular and rectangular, each having an area of quarter of 
an acre, and the filtering medium is broken saggers, 
graded to different sizes in four sections for comparative 
yurposes, the distribution of the sewage on the filters 
being effected by highly efficient power driven appar- 
atus, working at a delivery rate of 200 gallons per super- 
ficial yard per twenty-four hours. 

It was proved by numerous analyses, extending over a 
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period of eighteen months, that the best results were 
obtained from the fine grain sections of the filters (} in. 
particles), and these effluents were of a very high standard 
of purity. As the Commission, in view of the entire 
absence of suspended solids in the filter effluents, desired 
to have fuller information regarding what became of the 
solids—both organic and mineral—during the different 
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tests with special reference to that point. I also tapped 
the + in. grade section of the rectangular filter at different 
depths, introducing four rectangular shallow trays with 
perforated covers, from which pipes were carried through 
the filter wall; I was thus able to collect effluents from 
1 ft., 2 ft., 3 ft., and 4.5 ft. depths. 

In order that the results from the lower depths might 
not be affected by the presence of the trays above, the 
trays were placed obliquely, from above downwards, so 
that no tray had another in a vertical line above it. 

In analysing the sewage and effluents, in addition to 
the estimation of the mineral and organic suspended 
solids, the process was carried further than is usual ; 
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stages of the treatment, I have since conducted further 


Parts per 100,000. 





759 


for example, both the nitrous and nitric nitrogen were 
estimated at the time of collection, and again when the 
fuller analyses were made—in every case the day after 
collection. 


Samples of air were also collected from the filter at 
different depths for the purpose of estimating the amount 
of carbonic acid present ; also the amount of solid organic 
matter in the interstices of the filter at different depths 
was ascertained. 


The period covered by the analyses extended from 
July to December 1905, inclusive, the filter at the end 
of that time having been in continuous use for a period 
of three years, dealing with the septic effluent at the 
rate of 200 gallons per superficial yard. 


In the following table the mean figures of analyses 
are given, and the diagram attached shows, graphically, 
the percentage reduction in the free ammonia, albuminoid 
ammonia, and oxygen absorbed figures at different 
stages in the treatment, as well as the actual nitric 
nitrogen figure expressed in parts per 100,000 :— - 
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760 MINUTES OF 


COMMENTS ON FIGURES OF ANALYSES. 


1. With regard to the suspended solids, it will be noticed 
that a reduction of 73 per cent. is effected in the detritus 
tanks, and that a further reduction of 15 per cent. takes 
place in the septic tank, making a total reduction of 
88 per cent., and resulting in an effluent being passed 
on to the filter containing 7.6 parts per-100,000, exactly 
one-half of which is mineral matter. This suspended 
matter, it will be seen, is practically all retained in the 
top layer of the filter where the organic portion is liquefied, 
in all probab:lity by aerobic organisms. {The mineral 
matter, however, must remain in the filter, and in time, 
no doubt, it will be found necessary to remove the filtering 
medium to a depth of a few inches for the purpose of 
washing it, but so far, after over three years’ constant 
working, no such necessity has arisen. As a matter of 
fact, if the total mineral suspended solids passing on to 
the filter during the three years were deposited in a 
uniform layer over the whole surface the depth of.the 
coating would be less than 1} inch. 


2. The reduction of the free ammonia at a depth of 
one foot is remarkable, especially considering the fact that 
the change has been effected in about-twelve minutes— 
the time occupied by the sewage in passing downward 
through the first foot of filter. In my experience it 
is not unusual to find the free ammonia figure reduced 
almost to an equal extent in effluents from fine grade 


filters, but, hitherto, I had no conception that the change 


was brought about by so shallow a depth of filter. 
I may here mention that the rate of travel downwards 
of the sewage through the filter was found, as the result 


-of several observations, to vary in accordance with the 


depth as follows :— 


From surface to 1 ft. - - 12 minutes. 
at tft, to-2-ft.—- “© . 12 33 
a5 Ott to 3 ft. - - = 6 2” 
6 Olt bol4tt) On) ee - 5 ” 
ie Total :- - |35 minutes. 


This is a slow rate of travel, compared with the rate in 
the case of large particle filters, which, in my experience 
in some cases, allow the sewage to pass through the 


entire depth of from four to five feet in about four 
“minutes 


The free ammonia figure presents one other interesting 
feature. It will be noticed that the progressive reduction 
which takes place during the passage downwards through 
the first 3 feet is suddenly interrupted, a considerable in- 
crease in the amount being recorded at a depth of 4 feet 6 
inches. Accidental error in analysis does not explain this, 


for the increase was invariably recorded, and, as a matter 


of fact, I verified the accuracy of the results by a second 


-analysis in the case of the first few samples until it became 


quite obvious that no such explanation of the occurrence 
was feasible. I shall refer to this phenomenon later in 
dealing with the general arguments and conclusions. 

3. As regards the albuminoid ammonia figure, it will be 
seen that a highly satisfactory reduction is effected by 
filtration through one foot only. In fact, this figure and 
the oxygen absorbed and nitric nitrogen figures considered 
together indicate a very high degree of purification which 
precludes the possibility of subsequent putrefactive change. 

4. It will be seen that the reduction in the oxygen 
absorbed is, stage by stage, proportionate to the albumin- 
oid ammonia reduction, and the rapidity of the change in 
this case also is equally marked. 

5. With reference to the oxidised nitrogen, the figures 
are very startling, for, not only are they indicative of ex- 
tremely healthy and active biological conditions, but con- 
sidered in relation to the other figures, they also demon- 
strate conclusively, in the case of the sewage in question at 
any rate, that the work of purification is practically com- 
pleted within a few inches of the surface of the filter. I 
must say that this result surprised me very much. Theo- 
retically, one expected to find that the process was a more 
gradual and progressive one, nitrites being formed chiefly 
in the superficial layers of the filter and nitrates in the 
deeper layers, but this did not prove to be the case. At 
the same time, I do not suggest that the change is not 
gradational, but rather that the two sets of organisms are 
at work side by side, and in this case the absence of more 
than a trace of nitrous acid in the one-foot effluent, 
although the tests were applied at the moment of collection, 


may be accounted for by the preliminary stage of the 
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oxidation process being an extremely evanescent one, 
owing to the highly efficient working conditions. _ 


GENERAL COMMENTS. 


In advocating the use of fine filtering medium when 
discussing the subject from time to time with engineers 


‘and. others interested in the question, the objections almost 


invariably urged against. such fine medium. are (1),the risk 
of clogging from suspended matter, and (2) the alleged 
defective eration. According to my experience, which is 
by no means confined to the work embraced in this paper, 
clogging is more likely to occur with large than with fine 
grade medium, owing to the fact that the suspended solids 
in the former case are not retained in the surface layers, 
where it, would seem the active zrobic liquefying changes 
are effected, but are washed into the deeper layers where, 
in place of being liquefied, they accumulate and ultimately 
fill up the interstices. For this reason, if I were compelled 
to sacrifice my convictions and make use of large filtering 
medium, my inclination would be to adopt the suggestion 
which was the outcome of a long series of experiments at 
Leeds, and use such a large size as would allow of the 
suspended solids being washed through, and face the cost 
of providing means for their removal from the effluent 
afterwards. In other words, in my opinion, if clogging is 
to be avoided, the filtering medium must either be fine or 
very coarse; the solids must either be retained and 
liquefied on the surface or washed through and mechani- 
cally removed afterwards. 

With reference to the second objection—the difficulty 
of zration—I fail to see why it should be advanced, in view 
of the incontrovertible fact that high nitrification is ob- 
tained by means of fine medium filters. Personally, I am 
satisfied that if it were desirable, which I think it is not, to 
use much finer medium than } inch, there is no reason, 
from an eration point of view, why we should not do so. 
The only argument which weighs against the efficiency of a 
smaller grade medium than 4 inch is, that with very fine 
material the suspended solids are apt to be retained on the 
actual surface, where rapid liquefaction cannot take place 
unless frequent raking and forking is resorted to. _ On the 
other hand, the suspended solids are in a sufficiently fine 
state of division to permit of penetration into + inch 
medium, and being thus, I suggest, brought. into intimate 
contact with highly active ewrobic liquefying organisms, 
resolution is rapidly effected. 

The three essential factors in the final changes are time 
air, and organisms, znd, given a sufficiency of air, the 
greater the number of organisms present the larger the 
amount of work dcne, provided tie organic matter, both 
in solution and suspension, is brought into intimate 
contact with the organisms. The factor which governs 
the bacterial population is the area available for growth, 
and this may be increased by two methods, either by 
enlarging the cubic capacity of the filter or by sub-dividing 
the filtering medium. In the case in point, as, indeed, 
in all cases in Staffordshire, the latter was the expedient 
adopted, and the sub-division was carried as far as it was 
thought possible to carry it without preventing the 
superficial penetration of the suspended solids into the 
interstices. In view of the results, it is needless to 
discuss whether the reduction in the size of particles 
resulted in an inadequate air supply. 

The relative amount of carbonic acid in the air of the 
filter at different depths also shows the highly active 
oxidising changes which take place in the superficial 
layers. A series of samples of air aspirated from different 
depths by means of iron tubes driven vertically into the 
body of the filter while in continuous use yielded the 
following mean results :— 


Carbonic Acid in parts per 1,000. 


2 ft, 3 ft. | 


1 ft. 


19°5 21°5 


An interesting fact bearing upon the aeration of the 
filter was incidentally made apparent by the method at 
first adopted of collecting the air. The distributor passing 
backwards and forwards over the filter was found to 
interfere considerably with the collection of the samples, 
and, to obviate this, the apparatus was periodically 
stopped for varying periods during the operation. Owing, 
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however, to extraordinary discrepancies in the results 
thus obtained, measures were taken to overcome this 
difficulty and enable the air to be collected without 
interrupting the regular flow of sewage on to the filter. 
The results, of which the figures just given are the means, 
were then found to be remarkably uniform, whereas in 
the case of the earlier samples the carbonic acid varied 
in amount according to the intervals which elapsed 
between the stopping of the distributor and the collec- 
tion, short though these intervals were, from 2°8 to 
26°1, showing how free was the current of air through 
the filter. 

If, then, by using fine-grade particles, the depth of 
filter may be greatly reduced, the resulting economy 
would dictate such a course, but there is another im- 
portant consideration, which, other things being equal, 
tells in favour of shallow filters, from the point of view 
of aeration. The air travels through a filter from above 
downwards, the direction of the current probably being 
mainly due to the percolation downwards of the sewage, 
and its more rapid flow along the effluent drains. The 
air, therefore, as it passes downwards, carries with it 
the products of the combustion which has taken place 
above, and thus has an asphyxiating effect upon the 
organisms below, and it is possible that even an aerobic 
fermentation may be revived in the bottom layers. The 
sudden increase in the free ammonia figure, noted in the 
case of the effluent from the lowest tray, may possibly 
be accounted for in this way, because the albuminoid 
ammonia figure does not represent the total organic 
nitrogen present, therefore there is an unrecorded margin 
of nitrogenous organic matter available for the revival 
of the ammonia change should this explanation of the 
phenomenon be the correct one. 

Be this as it- may, however, the phenomenon does not 
appear to be accounted for by fouling of the deeper 
strata. At the end-of the observations the filter was 
opened and carefully examined throughout its depth, 
when it was found that the dark discolouration from deposit 
was confined to the surface, as was evident from the 
untarnished appearance of the light-coloured filtering 
medium below the top 14 to 18 inches. Also, the relative 
amount of organic solids in the interstices at different 
depths, ascertained by drying and igniting 10 grammes 
of the filter particles in each case, supports this contention, 
as the following figures show :— 





Percentage Loss on Ignition of Filter Particles at 
different depths. 


6 in. 1 ft. 2 ft. 3 ft. 





3°25 0°99 0°65 0°53 0°53 








Apart from all theory, however, the fact has been estab- 
lished beyond all doubt, that, in the case of the sewage in 
question at any rate, the lower two or three feet of filter 
medium is absolutely unnecessary, and, so far as the 
cost of construction of the filter is concerned, the expendi- 
ture might be reduced by about onc-half. Again, from 
the point of view of cost, another important consideration 
comes in. It frequently happens that the absence of 
two or three feet of available fall is the determining 
factor between a gravitation and pumping scheme, and 
in this respect the reduced depth of filter might lead to 
further economy, not only in capital outlay, but in 
maintenance charges. 

Now, the question may be asked whether the experience 
acquired at Hanley may be applied in other cases where 
the sewage may be of a stronger character? I am not 
at present in a position to give a positive answer to that 
question, but if, as is probable, such should prove not 
to be the case, the observations I have recorded clearly 
point to the conclusion that the extra filtering capacity 
should be provided for by increasing the area rather 
than the depth of the beds. The three factors in the 
nitrifying process being a given time, a given volume of 
air, and a given bacterial population, all these would be 
supplemented by extending the area in accordance with 
the combustion which has to be effected, and thereby 
diminishing the delivery per square yard of filter. 

I have lately had an opportunity of applying the 
information recently acquired at Hanley in the case of 
a town in Somersetshire, where the sewage is much 
stronger and contains brewery refuse. 
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A scheme. which nad been based upon experiments 
previously conducted by the Surveyor of the district, 


was submitted to me for approval. The experimental Reid, Ane 


filters, which had a depth of 4 feet 6 inches, were com- 
posed of clinker, broken to sizes varying from } inch to 
4 inch, the distribution being by means of sprays. 

The results obtained were fairly satisfactory as regards 
nitrification, but the organic matter remaining uncon- 
verted was considerable, and the effluent, so far as appear- 
ance went, was a poor one. The engineer, however, 
had recommended a scheme on similar lines, but with 
5 feet 6 inch filters, believing that the extra depth would 
effect further and adequate purification. 

In view of my Hanley experience, I recommended that 
the experiment should be continued, one-half the: 
area of the filter being altered as follows :—The top 12 
inches of clinker to be removed from one-half the area 
of the filter and replaced by } inch to } inch granite 
chippings, and a collecting tray to be introduced at a 
depth of 3 feet from the surface of this altered section. 
We thus had an opportunity of comparing the results 
obtained by the altered s:ction at depths of 3 feet and 
4 feet 6 inches with those from the undisturbed section 
at a depth of 4 feet 6 inches, under identical working 
conditions. 

So far, I have had an opportunity of analysing two sets 
of samples from the two sections of the filter, and the 
following are the means of the more significant results 
obtained :— 
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It will be seen that the improvement effected by appar- 
ently so trivial an alteration is remarkable. The im- 
proved quality of the effluents from the altered section 
of the filter at a depth of three feet compared with those 
from the same section and the unaltered section at a depth 
of 4 ft. 6 in. is most striking. 

If, then, my conclusions are generally applicable, their 
bearing, from the point of view of the present require- 
ments of the Local Government Board, is of considerable 
importance. So far as the nitrifying beds are concerned, 
cubic capacity in relation to sewage flow appears to be the 
governing factor as regards the Board’s requirements, and 
while a minimum depth of four feet is imposed, it is per- 
missible to extend the depth even to nine feet, the surface 
area being reduced in proportion. 

This rule, when we come to apply it, works out as 
follows:—The Board’s standard, as regards working 
capacity per day, is 56 gallons per square yard per foot 
deep, so that, given a filter four feet in depth, the daily 
volume passed through it would be 224 gallons per super- 
ficial yard, as compared with 504 gallons, the permissible 
volume in the case of a filter nine feet deep. 

Further, it does not concern the Board what sized 
material is used to form the beds ; lumps of from two to 
four inches in diameter being as readily approved as 
particles of } in. 

Of course I do not suggest that the depth of fine-grain 
filters may be reduced to one foot, because we must allow 
for the effluent drains and the few inches of large material 
immediately on the top of them, but I do suggest the 
practicability of reducing the total depth to, say, 2 ft. 6 in. 


(Signed) GEorGE REID. 


County Council Offices, 
Stafford, 
22nd May, 1906, 
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Mr. 27076. I think all I have to say is that we are very 
| George much obliged to you. 
nis eae + 27077. (Sir Michad Foster.) You have not made any 


bacteriological observations together with your chemical ? 


29 May 1906, —No, I have not. 


27078. You have not any additional cases besides your 
own experiments. There is that remarkable result which 
you obtained down in Somersetshire ; have you any further 
trials ?—Not at present, but I expect that we shall have 
in Birmingham very soon. They have recently constructed. 
a fine grade-filter there. 


27079. With the same depth ?—Well, they are going 
to introduce trays in order to ascertain what purification 
is effected at different depths in the case of the Birming- 
ham sewage. 


27080. (Sir William Ramsay.) Dr. McGowan wants me 
to ask one or two questions on technical points. One 
relates to the arrangement of the trays and the lateral 
distribution; for example, are the trays set from one 
another ?— About 18 inches laterally from one another. 


27081. I presume that the expression “dealing with 
the sewage” should be “dealing with the septic tank 
liquor at the rate of 200 gallons per superficial yard” ?— 
Quite so, yes. . 

27082. How was the rate of flow tested ?—The filter 
was stopped working. This is the mean of a series of 
tests. The filter was stopped working entirely. That 
is to say, the distributor was stopped travelling entirely 
and when the flow ceased from the pipes coming away 
from different depths it was then started, and when the 
flow recurred from these pipes it was noted. 


27083. (Sir Michael Foster.) Then is the flow through 
an empty filter ?—Well, it is the flow through the filter 
immediately after it has been treating sewage ; it was not 
‘allowed to drain for any time. 


27084. But there was not, I suppose, as much fluid in 
the space as there was when it was in working order ?— 
There would not be ; not in the interstices, 


27085. No, quite so; that would tend to increase the 
rapidity, would it not ?—Well, I do not know that it 
would. 


27086. It is not the measure of the actual rate of 
working the filter ?—No, perhaps not, the only way to get 
that would be to colour the septic effluent and note the 
time occupied in the passage of the coloured effluent 
downwards. 


27087. You did not try that ?—I did not try that, no; 
the method adopted is comparative with other tests 
that I have made with regard to large particle filters 
in which the sewage took about four minutes to go 
through 4 to 5 feet. 


27088. (Sir William Ramsay.) I do not know whether 
Dr. Houston has any remarks to make on the statement 
that “clogging is more likely to occur with large than 
with fine grade medium, owing to the fact that the 
suspended solids in the former case are not retained in 
the surface layers, where it would seem the active 
erobic liquefying changes are affected, but are washed 
into the deeper layers where, in place of being liquefied, 
they accumulate and ultimately fill up the interstices.” 
The idea is that the suspended solids are being brought 
into intimate contact with erobic liquefying organisms. 


27089. (Dr. Houston.) IT should think that is correct, 
that on the surface liquefaction would be all right. 


27090. (Sir William Ramsay.) It is suggested that 
the “carbonic acid varied in amount according to the 
intervals which elapsed between the stopping of the 
distributor and the collection, short though these intervals 
were from 2°8 to 26:1”; how was it estimated ?—Do you 
mean how was the carbonic acid estimated ? 


27091. Yes?—It was aspirated into gallon jars, and 
baryta water used as indicator. 


27092. Is it permissible to name the town in Somerset- 
shire that you allude to ?—Frome; I did not like to 
mention it in the evidence. 


27093. Perhaps you do not want it mentioned »— 
I do not think it matters now. THat was a very striking 
result we got at Frome from simply one foot of fine 
material on the top of the original filter. That is an 


example of a filter where the particles in my opinion 


MINUTES OF EVIDENCE : 


being large were not large enough. That is a case in 
which the solids got entangled in the body of the filter 
and remained there. 


27094. In view of your recommendation Dr. McGowan 


would like to know what is the state of the lowest 14 feet 
of filtering material when this change was made; was 
it full of organic solids ?—I do not quite gather what you 
mean. 


27095. Well, you make a suggestion that you should 
alter the area of the filter and compare the results 
obtained by the altered section at depths of 3 feet and 
4 feet 6 inches with those from the undisturbed section at 
a depth of 4 feet 6 inches under identical working 
conditions. What was the appearance of the filtering 
material at the lowest point; was it full of organic 
solids ?—I did not see it personally, but I had a letter 
from the surveyor, in which he said it was full of organic 
matter from top to bottom; and so much so, that I 
recommended him to wash it out with town water at 
considerable force; he in this way got a good deal of 
solids away from it. 


27096. (Major-General Carey.) When coarse-grained 
filters are used, are you of opinion that the solids which 
are washed through must be removed afterwards ?—It is 
a very foul-looking effluent if they are not removed 
afterwards. I think they ought to be removed, otherwise 
it necessitates turning a large amount of solids into the 
streams, and if the streams are small and the sewage of 
large volume, it must affect the appearance of the stream 
unless the solids are removed. 


27097. Is that borne out by the experiments at Leeds ? 
—At Leeds, I understand they do take them out by fine 
filtration afterwards; at Birmingham they take them 
out by subsidence in tanks as no doubt the Commission 
know. ; 


27098. (Colonel Harding.) There are a few questions 
I would like to ask Dr. Reid. I have not had the ad- 
vantage until just now of seeing his report, but I notice 
that he comes to a very definite conclusion in regard to the 
superior efficiency of the first foot depths of the filter ? 
—I do not say it is superior; I say the work is down 
at that depth and nothing much is effected afterwards. 


27099. In other words you find the first foot of your 
filters apparently does the great bulk of the work 7—Yes. 


27100. And it is work which you consider to be suffi- 
cient on analysis ?—Oh, quite sufficient ; it is a very high 
standard of effluent. 


27101. And you seem to have come to the conclusion 
that it is a mistake to increase filters in depth ?—I think 
so; if an increase is necessary by reason of the increased 
strength of the sewage you will get more benefit by increas- 
ing the area than by increasing the depth. 


27102. Have you tried experiments with a given 
quantity of material, say a cubic yard, to find out 
whether you got better results from that material at a 
depth of 3 feet or extending its areas, so that the depth 
would be only 1 foot ?—Putting on the same quantity of 
sewage ? 


27103-4. Yes ?—No, I have not, 


27105. That would be necessary, would it not, in order 
to ascertain exactly whether there was any value in depth. 
Suppose, for instance, you had a cubic yard of material 
spread out one foot deep ?—Yes, 


27106. And you had the same cubic yard of material 
3 feet deep ?—Yes. 


27107. And you passed'the same sewage at the same 
speed though it ?—Yes. 


27108. That would be a very interesting experiment ?— 
And I should say from the result of this work that you 
would get a better result from the same discharge on to the 
3 yards area filter 1 foot deep than you would on to the 
1 yard filter 3 feet deep. : 


27109. That is merely a surmise, is it not ?—Yes, but I 
think it is borne out by this experiment plus the practical 
working at Frome. 

27110. One experiment that’ we have tried does not 
quite bear out that ?—Oh! 

27111. But it would be very interesting if it were 
possible for you to try that experiment ?—Yes, you see 


my time is so very much occupied in the practical work of 


: 





sewage disposal, and it is so difficult to get time for 
special experiments. I have done a great. deal as it is, 
and itis so very very difficult to get time todo much more ; 
it might very well be tried, of course. 


27112. (Sir Michael Foster.) Colonel Harding’s sug- 
gestion is to obtain a direct verification of the con- 
clusions you have drawn from your observations ?— 
Yes, of course it could be done on a small scale. To 
construct works of the size that these experiments would 
be rather expensive, but it could be done on a small scale. 


27113. (Colonel Harding.) Yes ?—Then the difficulty 
of fine distribution would come in. This, of course, is 
perfect distribution, as you know; you have seen the 
distributor at work. 


27114. You would agree that unless you have very 
perfect distribution there would be great danger in having 
shallow filters ?—I do not think there would be any more 
danger than with medium depth filters. 


27115. But surely if you have unsatisfactory distribu- 
tion you are safer with a deep filter than with a shallow 
filter ?—You are safer with a deep filter if it is composed 
of large particles because then you consider the area for 
bacterial growth which you lose enormously. The size 
of particles in this experiment, as compared with 2 inch 
particles, gives you a population of nearly fifteen times as 
many bacteria. 


27116. On account of the greater surface ?—Yes, the 
surface isnot sixteen times greater, as one would suppose, 
because when it is broken into fine material it occupies 
more space than the large material. I measured it very 
carefully and I found the actual increase in area within the 
same space to be as 14°7 to 1. 


27117. Now to enable us to gauge the interesting 
results that you bring before us, I would like to ask how 
exactly those trays were constructed, and how they were 
placed in the filter. You placed the trays at depths of 
1, 2, 3 and 4 feet; I suppose you removed the material 
to put in the trays ?—I put the material back again as far 
as possible in the same position. 

27118. They had covers ; what were the depths of the 
trays ?—They had covers and the depths of the trays 
were about 4 or 5 inches. 

27119. And the covers were perforated with what sort of 
holes; how many ?—It was perforated wire simply, 
fine wire mesh. 


27120. So that they were in effect boxes 6 inches deep 


with a wire mesh cover ?—Yes, but not quite 6 inches: 


deep; they were shallower than that; they were about 
4 inches deep; they were about 12 inches wide and 3 
feet long. 


27121. And what was the size of the pipe leading from 
them ?—Inch pipe. 

27122. And there would be a continuous flow from 
that pipe ?—Yes. 

27123. So that you had not to deal with stagnant 
conditions but continuous flow ?—Continuous flow, the 
same as if you were taking it from the normal effluent 
pipes of the filter. 


27124. It has occurred to me that the same experi- 
ment could be tried with these trays as placed-in that 
bed if it were possible to somewhat reduce the flow over 
the square yard ?—That is the difficulty ; that is the great 
difficulty ; I could net possibly do it in that filter. 


27125. Would it not be possible to introduce a sort of 
tray on the surface that would lead away part of the flow 
so as to reduce the flow to one third on to that square 
yard ?—I do not see how trays could do it without 
covering a considerable area of the surface,. 


27126. If you covered a square yard ?—With a tray ? 


27127. The tray on the surface would have the object 
simply of reducing the flow on that square yard ?—I do 
dot see how you could get it on the tray and distribute 
it over the whole yard. 


27128. I confess there is a difficulty : that would have 
to be thought out ?—It could very well be done by con- 
structing special filters, and say with a revolving 
distributor working two filters at the same rate of flow, 
one 3 feet deep and one 1 foot deep. 


27129. They must not be at the same rate of flow ? 
—The same rate of flow upon the 3 yards of the area. 
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27130. The same rate of flow upon the 3 yards as upon 
the 1 yard in the other case ?—Yes. 


27131. That would be a necessary experiment in order 
to check these results ?—That, I think, would not be 
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from these results are correct. These results are perfectly 
correct as they stand; in the case of the Hanley 
filter the results as shown here are as obtained at different 
depths. 4 


27132. Well, you obtain from the second foot a com- 
paratively reduced result from what you obtain from 
the first foot ?—Yes. 


27133. It remains to be seen whether that is due to 
the first foot being placed at the top. Of course the 
liquid you treat in the second foot is in quite a different 
condition to the liquid which is placed on the first foot ? 
—Yes, it contains no solids ; practically all the solids are 
on the top. 


27134. The second foot does less because there is less 
to do ?—Oh, very likely. 

27135. So that itis impossible to draw safe conclusions 
from those interesting data, unless one tried the experi- 
ment that I suggested ?—Oh yes, I quite agree with that ; 
but I have very little doubt that that would be the 
result. 


27136. (Sir Michael Foster.) You draw from your 
results the conclusions that the purification of the 1 foot 
is so good that the lower purification may be neglected ? 
—Certainly, in this case it is so good. It is really a 
very high class effluent. It contains over two parts of 
nitric nitrogen, and only 0-05 parts of albuminoid am- 
monia per 100,000. 


27137. (Colonel Harding.) Of course these are in the 
special circumstances of Hanley ?—Of Hanley. 


27138. Which are somewhat special ?—Then if you 
apply the same thing to Frome with a much stronger 
sewage you find practically the same result. 


27139. (Sir Michael Foster.) You have no results 
from Birmingham yet ?—No, not yet. 


27140. (Colonel Harding.) You seem rather to dis- 
approve of the present conditions laid down by the 
Local Government Board, by which they make the cubic 
capacity the standard ?—Yes. 


27141. What is just your objection to cubic capacity 
being made the standard? The cubic capacity I mean 
is rather convenient as an administrative unit ?—In order 
to get these results from the superficial layers of the 
filter, [donot think it is desirable to increase the flow 
beyond 200 gallons per yard, whereas if you allow cubic 
contents only to influence you, you increase the flow on 
the top yard of your 9 foot filter to 504 gallons per yard, 
and if I put Hanley sewage on at the rate of 504 gallons 
per yard we should not get a result approaching the 
result we get, and in my opinion depth would not give it, 
so that what I will say is, by all means increase the area 
if the sewage requires it, but do not come to the conclusion 
that you get the same result from increased depth. 


27142, (Sir William Ramsay.) I suppose you would 
increase the area for a stronger sewage, would you not ? 
—Well, that is my idea at’ present. I shall be able to say 
more about that when we see the results from Birming- 
ham. 


27143. Which is a stronger sewage ?—Which is a 
stronger sewage. 


27144. (Colonel Harding.) But assuming for the mo- 
ment it was found that you got similar results from 
passing through a given flow with a three foot depth, 
and one third of that flow through a one foot depth, it 
would not interfere, would it, with the unit of cubic yard 
capacity ?—Oh, but I go a great deal further than that. 
I say it does not follow that to get a result you must 
necessarily increase your area three times. Probably a 
very small increase of area would suffice; reducing the 
flow from 200 to 150 gallons, we will say an increase of 
area of one quarter would probably be sufficient to give 
you a high class effluent with stronger sewage. 


27145. All you wish to say is, that it is desirable to 
distribute the material over as large an area as practic- 
able with a reduced depth, rather than gather it into a 
small area with a great depth ?—Yes, I say you will get a 
far better result from the same capacity of filter, we will 
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say at 2 feet 6 inches to 3 feet depth, than you will get 
from a filter the same cubic capacity 6 feet deep. 


27146. That is providing always you are using fine 
material and you are treating sewage of the same charac- 
ter as at Hanley ?—Sewage of the same character as 
at Hanley and Frome; that is as far as I have gone at 
present, but I should like to say we have not any large 
grain filters in Staffordshire, and we have very high class 
effluents. It is not a new experience; it is only new 
as showing the depth at which purification is effected. 
We have known all along that we get higher results from 
fine grain filters as compared with large grain filters. 


27147. But the fact must not be left out of considera- 
tion that with fine grain filters you must have perfect 
distribution ?—You ought to have perfect distribution 
with any form of filter. 

27148. But it is specially important in the case of 
fine grain filters ?—I do not know that it is specially 
important. I think it is less important with fine grain 
filters to have uniform distribution than with large grain 
filters, because the particles themselves assist in the 
distribution under the surface. 


27149. I was not speaking of differences of size of 
material, but difference of depth of material. If you 
have a shallow depth of material, especially if it be coarse, 
where you have irregular distribution you have very 
unsatisfactory results ?—Oh yes, certainly. 


27150. So that regularity of distribution is essential 
no doubt in all cases, but it is specially essential in the 
case of shallow filters ?—Oh, I should say so, yes. But 
not so essential in the case of fine grain as compared 
with large grain. 

27151. (Sir William Ramsay.) Do you think that later 
on you will be able to make any sort of rule whereby the 
area could be proportionate to the strength of the sewage ? 
—Well, of course, one would have to have a very large 
experience before one could establish a rule. It might 
very easily be settled for each individual sewage, of course. 


27152. By experiment ?—By experiment, yes. 
27153. But such a rule might later on be stated ?—Oh, 
ertainly, I should say so. 


EVIDENCE. 


27154. (Colonel Harding.) I notice you poimt out, 
and probably you are quite right in doing so, that it 
is well that the material should be either very fine or very 
coarse ?—Yes. 7k 


27155. But in the case of fine material is there not a 
danger, where much suspended matter comes to the filter, 
that you get a layer of more or less impervious matter very 
soon on the surface ?—I do not think you would get it 
with material of the size that we use at Hanley. You 
would get it with sand ; of course they get it in America 
with sand. 


27156. In your case at Hanley you have very little 
suspended matter coming to the filters, but such as does 
come is retained, I suppose, very near the surface ?—Just 
within a few inches; there isnone on the surface at all : 
it is all inside the filter. 


27157. It is within the first few inches ?—It is within 
the first twelve or fourteen inches after three and a half 
years’ working. 


27158. (Sir William Ramsay.) The capacity of the 
filter is not materially reduced, I suppose ?—There is no 
water-logging whatever, and the sewage gets away quite 
as freely now as it did when the filter was started. 


27159. (Colonel Harding.) How long have these filters 
been working ?—Three and a half years. 


27160. You do not find any more difficulty now than 
you did at starting ?—No; we could pass a great deal more: 
through only we would not get such a high-class result. 


27161. No pooling ?—Probably it would begin to clog, 
if we did pass much more through habitually. 


27162. Probably you would ascribe some of the good 
results to the fact that the distribution is intermittent ?— 
Ido not think it would matter ; if it could be made uniform 
and continuous I do not think it would affect the result. 


27163. As a fact you have an intermittance of about 
ten minutes ?—Seven minutes. 


27164. Seven minutes ?—Five to seven minutes. 
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Sewage settled when not discharging into sea, 7b., 
24677. 

Discharge from high water until half-hour after 
half-ebb, 2b. 

Average analysis of tank liquor, 7. 

Sludge all goes into the sea, 2b., 24679. 

Experiments with different materials in contact 
beds, 7b., 24682, 24814-38. 

Average analysis of effluents, 1902, 7b., 24684. 

No chemical poisons in effluent, ib., 24685. 

Suspended matter in effluents, 7b., 24686. 

Slight smell when bed is being filled, 7b., 24687. 

Nuisance caused by Ulva latissima, ib., 24690-4. 

Scheme of using the Ulva for purification, 7b. 

Use of sulphate of copper to check growth, ib., 24793- 
8. 

About one-sixth of the sewage treated on contact 
beds, 7b., 24861-5. 

Carting away Ulva is very expensive, 1b., 24871-4. 

Has ameliorated but not cured the nuisance, 7b., 
24871-5. 

Complete removal would not dispose of sludge 
difficulty, 7b., 24876-9. 

Doubtful if sewage ever gets out of the Lough, 7b., 
24889. 

Holywood sewage a nuisance apart from Belfast, 
ab., 24902-6. 


BELL, J. CARTER, 4.R.s.m. (Analysis of his Evidence.) 


Borough Analyst of Salford, 23164. 

Sewage treatment at Salford: precipitation and fil- 
tration, 23166. 

Population of drainage area, 231,514, 23167. 

Drainage entirely on combined system, 23168. 
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BELL, J. CARTER—conté. 


Daily infiltration of subsoil water into Salford sewers, 

1 to 3 million gallons, 23169. 

Water supply about 20 gallons per head, 23170. 

Water is very soft, 23171. 

Probably half of the area is sewered, 23172. 

15,691 pails or middens, 22,872 water closets, 23173, 
23274-7. 

Average dry weather flow 8,000,000 gallons, 23174, 
23379-85. 

Maximum dry weather flow 14,000,000 gallons, 
23175, 23279-80. 

Minimum dry weather flow, 3,000,000 gallons, 23176. 

Many storm overflows ; flow not recorded, 23178-81. 

Volume of sewage about 3,355,081,000 gallons, 23181, 
23407-15. 

No rules enforced for trade effluents, 23184, 23281-3. 

No difficulty with trade effluent, 23185. 

Suspended matter in sewage, 23186, 23278. 

Character of suspended solids, 23187, 23284-8, 
23307-8. 

Average analysis of sewage, etc., 1903-4, 23188, pp. 
435-60. 

Sewage is strong and varies, 23189-90. 

Strength best measured by oxygen test, 23191. 

Trade effluents are not poisonous, 23193. 

Sewage practically always alkaline, 23194. 

Suspended solids decrease if rain long continued, 
23195. 

Sewers laid 15 to 100 years ago ; no material sinking, 
23196. 

Analysis of liquid sewage in dry weather and storm, 
23197. 

Treatment of sewage in storm times, 23198, 23293, 
23386-8. 

Shape and size of storm overflows,\ 23199. 

Standard form of overflow not possible, 23200. 


Overflow should not depend on configuration of © 


the land, 23200,* 23295. 

Storm overflows should be fixed, 23201. 

Dilutions should depend on circumstances, 23202. 

Road water should be purified, 23205. 

Advantages of separate and combined systems of 
sewers, 23206, 23296-8. 

Method of settlement used at Salford, 23207-1], 
23299-304. 

Average analysis of tank effluent, 1903-4, 23207-11. 

Results showing rate of settlement, 23208. 

Method of sludging the tanks, 23212. 

Road detritus arrested in silt pits, 23213. 

Farmers will not take the sludge, 23214, 23305-9. 

Practically no chemical poisons in it, 23215, 23310. 

No nuisance from chemical precipitation, 23216, 
23312-4. 

Sewage best precipitated by chemical treatment, 
23217. 

Best results from lime followed by salts of iron, 
23218, 23317-23. 

Chemicals added in solution, 23219. 

Suspended matter in tank liquor, 23220. 

Sludge sent out to sea, cost 9d. a ton, 23221-7. 

Suspended solids should be removed before filtration, 
23222-5. 

1:5 parts per 100,000 a pracucable limit, 23223, 
23315-6. 

Continuous preferred to quiescent settlement, 23227. 

Best size and materials for contact keds or filters, 
23229-35, 23327, 23393-406. 

Construction and working of percolating filters, 
23236-59, 23328-68. 

10 per cent. of suspended matter in filtrate is 
organic, 23250, 23469-74. 

Average analyses of tank and filtered effluents, 
23254. — 

No nuisance from percolating filters ; sewage odour 
in hot weather, 23259, 23389-92. 

Where sludge cannot be sent to sea destructor fur- 
naces should be used, 23262. 

Constituents of a good effluent, 23264. 

Tests of quality relied on, 23265, 23289-92. 

** Aeration * test a very good ong, 23266. 

Mersey and Trwell standard good and desirable, 
23267-8, 23362-5. 

Automatic working is preferable, 23270. 

Absorbed oxygen and albuminoid ammonia tests 
quite sufficient, 23272. 


BELL, J. CARTER—cont. 


Quantitative determination of strength, 23273, 
23376-8. 

Roughing filters require cleaning in three to cix 
months, 23324, 23439-46. 

Experiments with 5 ft. and 8 ft. filters, 23331-40. 

Chemical precipitation effluent would putrefy, 23564. 

Albuminoid ammonia and oxygen absorbed tests run 
parallel, 23369-75. 

Corporation intend treating storm waters by ordinary 
sewage process, 23420-62. 

Six dilutions will not injure precipitation tanks, 
23428-37. 

Roughing tanks remove 50 per cent. of nen 
matter, 23447-50. 

Necessary because of fine material in filters, 23451-4. 

Filters would be worked longer in storm times, 
23455-9. 

Precipitation and roughing tanks should suffice, 
23461. 

Considerable portion of storm water would pass 
through, 23462. 

Suspended matter in fine filter eftnents 23463-8. 

Roughing filters are coarse straining filters, 23475-9. 


BIOLOGICAL FILTRATION : 


See Contact Beds and Percolating Filters. 


BIRMINGHAM : 


Sewage scheme comprises sedimentation, septic 
tanks, percolating filters, and land, Watson, 
24913, 251'75-86. 

Statement of the population, 7b., 24914, 25083-91. 

Series of storm intercepting drains recently con- 
structed, ib., 24915, 25165-74. 

Table showing areas on combined and separate 
systems, 7b., 24915. 

Five-eighths of storm water passes through sewers, 
ib., 24915, 25060. 

No data available as to amount of infiltration into 
sewers, 7b., 24916, 24929. 

Water supply in the different areas, 7b., 24917. 

Quality of the water, ib., 24918. 

Gross and nett acreage of drainage area, 7b., 24919. 

Proportion using pails or middens and water-closets, 
ib., 24920. 

Table of hourly volume and variation of dry weather 
flow, ib., 24921. 

Maximum dry weather flow 35,560,000 gallons, ib., 
24922. : 

Minimum dry weather flow 10,560,000 gallons, #b., 
24923. 

Maximum wet weather flow at the rate of 260,000,000 
gallons, 2b., 24924. 

Number and variations of the storm overflows, ib., 
24925. 

Largest number of gallons passed last overflow 
82,000,000 gallons, 72b., 24926. 

Annual rainfall 32,500,000,000 gallons, 7b., 24927. 

Volume of sewage and storm water 9,560,000,000 
gallons per annum, 7b., 24928. 

No records yet available of volume passing overflows, 
4b., 24928, 25058-9. 

Volume and nature of trade effluents, 7b., 24930. 

Rules for reception of trade effluents, 7b., 24931, 
25063-8. 

Serious trouble caused by sudden discharges, 1b., 
24932. 

Suspended matter in sewage, 7b.,, 24933-4, 25069-71. 

Average analyses of sewage, etc., 1903-4, 7b., 24935, 
25061-2, 25072, pp. 

Sewage is strong and variable, 7b., 24936-7. 

Records of bacteriological examination, 7b., 24939, 
25047. 

Acid wastes and pickles and sulphocyanides present, 
ib., 24940. 

Sewage never acid on entering the tanks, 7b., 24941. 

Suspended solids in storm times, 7b., 24942. 

Sewers mostly laid in 1852-79: not much sinking. 2b., 
24943. 

Character of liquid in storm times, 7., 24944. 

Treatment of sewage in storm times, ib., 24945, 
25080-91, 25187-279. 

Shape and size of storm overflows, 7b., 24946. 
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BIRMINGHAM —cont. 


Road water conveyed separately to watercourses 
1b., 24951. 

Analyses of roughing and septic tank efiluents, 
ib.. 24956, p. 648, 

Rates of quiescent settlement, ib., 24957, 25092. 

Time necessary to produce good effluent, 2b., 24958. 

Settlement tanks used in parallel, ib., 24959. 

Method of sludging tanks, ib., 24961. 

No nuisance: detritus immediately buried, 7b., 
24961, 25096. 

Analysis of dry sludge, ib., 24963. 

Manurial value not large, ib., 24963, 24973. 

No appreciable quantity of poison in it, 7b., 24964, 
24974. 

No nuisance from settlement tanks, 7b., 24965. 

No difficulty in filtering chemically treated sewage, 
ib., 24967, 25097-8. . 

Analysis showing effect of lime, 7b., 24968. 

Milk of lime mixed with sewage in sewer, 7b., 24°69. 

Average analyses of precipitation tank liquor, 7b., 
24970. 

Suspended matter very finely divided, 7b., 24971. 

Not necessary to treat sludge before pumping it 
on to land, 7b., 24972. 

Treatment, apart from sludge, never a oa aa ab., 
24975. 
Construction and working of septic tanks, 7b., 
24976-98, 25048-52, 25099-107, 25280-324. 
Present methods of sludging, 7b., 24986-8, 25108-15. 
No nuisance attends the operation, ib., 24988, 25305. 
Suspended solids in tank liquors, ib., 24989-90 
25051-2, 25316-26. 

Impurities in sewage not materially different from 
those in tank liquor, 7b., 24996. 

No nuisance from septic tanks, ib., 24998, 25305. 

Construction and working of percolating filters, 7b., 
25004-27, 25112-24, 25327-94. 

Nature of suspended solids in effluents, 7b., 2501821, 
25125-32, 25359. 

Experiments in removal of suspended solids, 7b., 

** 25020. 

Cost of percolating filters per acre, ib., 25022, 25057. 

Oxidation of ammoniacal and organic matter, 7b., 
25023-4. 

Purification less in cold weather, 7., 25025. 

Some trouble caused by vegetable growths, ib., 
25026. 

No nuisance from percolating filters, 7b., 25027. 

No disputes regarding trade effluents, ib., 25045-6. 

Land effluents tends to fungoid growths, ib, 25139- 
64. 

Growth associated with presence of iron, 7b. 

Proposed new system of removing suspended matter 
ib., 25346. 


BOLTON : 


Experiments in sludge burning, Goodrich, 25504 
et seq. 


BOLTON, JOSHUA. (Analysis of his Evidence.) 


Manager of Heywood Sewage Works, 21057. 

Treatment at Heywood: chemical precipitation and 
single contact, 21058. 

Population of drainage area 23,500, 21059. 

All storm water enters sewers, 21060. 

Infiltration of subsoil water into sewers, 109,000 
gallons daily, 21061. 

Water supply 20 gallons per head : soft water, 21062-3. 

Drainage area 525 acres, 21064. 

Number of pail, middens, and water closets, 21065. 

Average daily flow: winter 774,510 gallons; sum- 
mer 629,172, 21066. 

Maximum dry weather flow 1,098,000 gallons, 
21067. 

Minimum dry weather flow 324,000 gallons, 21068. 

Storm overflows set to deliver 4,200,000 gallons, 
21069-70. 

Storm water screened and passed into river, 21070, 
. 21223-49, 21282-306. 

Maximum coming to works in 24 hours, 3 B73, 000 
gallons, 21071. 

Average rainfall 362,008,000 gallons yearly, 21072. 

Volume of sewage 394,025,000 gallons yearly, 21073. 

Winter daily excess 99,000 gallons, 21074. 

70,000 gallons trade effluent per day, 21075. 

Manufacturers have free access to sewers, ib. 
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BOLTON, JOSHUA—conté. | 


Trade effluents do not materially interfere with 
treatment, 21077. 

Suspended matter in sewage, 21078-9. 

Average analyses of sewage, etc., 1903-4, 21080, 
pp. 113-29. 

Albuminoid nitrogen and oxygen absorbed best tests, 
21081-3. 

No chemical poisons in the sewage, 21085. 

Sewage always alkaline, 21086. 

Suspended solids during heavy rain, 21087. 

Sewers, laid thirty-five years ago, have sunk in many 
places, 21088. 

Character of liquid sewage in storm times, 21089, 21289. 

Treatment of sewage in storm times, 21090. 

Average analysis after first rushes of storm, 7b. 

Two volumes should go through ordinary tanks and 
two to six volumes through special settling. tanks, 
ib., 21250-66. 

Shape and size of storm overflows, 21091-4. 

Most rivers polluted during first rushes of storm 
water, 21095, 21209. 

Analysis of typical sample of road water, 21096. 

Road water should be roughly treated, 21098. 

Method of working precipitation tanks, 21101-2. 

Best method of sludging, 21103. 

Heavy suspended matter should be removed, 21104. 

Advantages of chemical treatment, 21105-8, 21307-11. 

Analysis of liquor from precipitation tanks, 21109. 

Character of suspended matter, 21110. 

Lime added to sludge to keep it porous, 21111. 

Manurial value of sludge, 21112. 

Smell offensive during sludging, 21113, 21126, 21267-9. 

Construction and working of septic tanks, with plan, 
21114-39, 21312-50. 

Sulphuretted hydrogen given off by too slow working, 
21122, 21210-1. 

Sludge should be removed before tank half full and 
pressed and burnt, 21124-6, 21351-4. 

Suspended solids in tank, 21127-30, 21312-39. 

Not more than two volumes of storm water should be 
passed through, 21129. 

Septic tank liquor not more easily treated than 
precipitated sewage, 21132. 

Very offensive smell given off, 21135, 21212-6. 

Solids should first be removed from sewage, 21136. 

Best method of removal, 21137-8, 21217. 

Comparative cost and advantages of various methods 
of settlement, 21140-68. 

Construction and working of contact beds, 21141-58, 
21218, 21270-80, 21355-66. 

Analysis of liquor treated in contact beds, 21155. 

Loss of capacity, 21156-7. 

Analysis of single and double contact effluents, 21158. 

Final effluent not hurtful to fish, 21159. 

Suspended matter in effluent, 21161-3. 

First flush is putrescible, 21162. 

No advantage in using bed as streaming storm filter, 
21164. 

Cost £21,240 per acre, 21165, 21219-21. 

Analysis of liquor after discharge and after rest, 21166. 

No nuisance whatever from treatment, 21168. 

Construction and working of continuous or percolating 
filters, 21168*-90, 21367-89. 

Suspended solids in filter effluent, 21181-4. 

Cost £9,500 per acre, 21185. 

Risk of nuisance greater than with contact hed. 21190. 

Comparative cost and advantages of percolating filters 
and contact beds, 21191-4. . 

Average analysis on the two systems, 21193, 21388 -9. 

Action of storm water filters, 21195-6. 

Sludge should be pressed and burnt or used for manure, 
21197-8. 

Constituents of a good effluent, 21199. 

Effluent from percolating filter better than from 
contact bed, 21200. 

Tests of quality relied on, 21201-2. 

General standard ought to be aimed at, 21203. 

Modified Mersey and Irwell standard, 7b. 

Storm waters hurtful to upper layers of beds and 
filters, 21204. 

Trouble would be obviated by settlement, ib. 

Automatic working essential to percolating installa- 
tions, 21205. 

Value attached to different tests, 21207. 

Quantitative determination of strength; 21208. 
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BRADFORD : 


Necessity of effective sewage treatment, Wilson, 
24042-57. 

Greasy matter destroyed by sulphuric acid, Scudder, 
25837-40. 


BRADFORD BECK : 


Analyses of the water, Wilson, p. 526. 
Effect of sewage and effluents, 7b., p. £45. 
Remarks on the tables, 7b., 24063-4. 


BREWERY WASTE: 


Treatment at Lichfield, Reid, 24443, 24613-20. 


BURNLEY : 


Treatment of sewage, Pickles, 20692 et seq. 

Total population 82,000, 7b., 20693. 

System of drainage, area, and sewers, 7b., 20694, 
20698. 

Practically no infiltration of subsoil waters, ib., 
20695. 

Water supply and quality of water, 7b., 20696-7. 

97 per cent. use water closets: 3 per cent. tank or 
pail, 7b., 20699. 

Average dry weather flow: winter 2,500,000; 
summer 2,000,000 gallons, 7b.; 20700. 

Maximum dry weather flow 4,320,000 gallons, ib., 
20701-2. 

Maximum wet weather flow 9,000,000 gallons, <b., 
20703. 

Thirty-six storm water overflows, ib., 20704. 

Maximum flow at last overflow 9,000,000 gallons, 
ib., 20705. 

Average rainfall 6,963,014 gallons per day, 7b., 20706. 


Approximate volume of sewage 2,000,000,000 gal- 


lons per annum, 7b., 20707. 

Analyses of trade effluents, 7b., 20708. 

Corporation regulates discharge, 7b., 20709, 20879-87. 

Trouble caused by dyers’ effluent, ¢b., 20710. 

Suspended matter in sewage, 7b., 20711-2, 20888. 

Average analysis of sewage, etc., 1903-4, ¢b., 20713, 
20816-9, pp. 71-97. 

Strength varies considerably, «b., 20714-5. 

Suspended matter during storm, ib., 20720, 20821-6. 

Outfall sewer constructed in 1873; sewers have not 
sunk, 20721. 

Character of liquid portion in storm, 7b., 20722. 

Size and shape of storm overflows, ib., 20724—7. 

Surface water partly discharged into stream, 7b., 
20729, 21039-41. 

Analysis of road water during storm, 7b., 20730-1. 

Chemical precipitation of sewage, 7b., 20734—40, 
20836-58. 

Analysis of liquor from tanks, <b., 20737. 

Necessary to add lime to the sludge, 7b., 20738, 

Manurial value of sludge, 7b., 20739, 20805, 20858. 

No chemical poisons in the sludge, ib., 20740. 

Construction and working of the septic tanks, 7b., 
20741-67, 20859-66, 20890-919. 

Method of removing sludge, ib., 20753, 21008-9. 

Suspended solids in tank liquor, ib., 20755, 20867. 

Suspended solids during storm, 7b., 20757, 20970-1. 

Comparative cost and advantages of various methods 
of settlement, ib., 20768, 21012. 

Construction and working of contact beds, ib. 
20769-98, 20868-70, 20924—79, 21013-29- 

Size and grading of filtering material, 7b., 20772-3, 

Table giving gaugings of capacity, 7b., 20783, 20946-9, 

Analyses of single and double contact effluent, ib.. 
20787. 

Cost of ked £1,300 per acre, ib., 20795. 

No nuisance from the contact beds, 7b., 20798-800. 

Storm beds filled three times a week, ib., 20803—4. 


’ 


BURY: 


Experiments in sludge burning, Watson, 25432-46 
25460-73. 


CALDER: 


Analyses of water of the river, Wilson, pp. 528-31. 
Analyses of water during floods, ib., p. 542. 

Effect of sewage and effluents, ib., pp. 545-6. 
Remarks on the tables, ib., 24069-82. 


CAMPBELL, K. F., M.1INST.c.2. (Analysis of his 


Evidence. ) 


Borough engineer of Huddersfield, 21563.. 

Systems of sewage treatment at Huddersfield, 21565. — 

Population of drainage area 100,000, 21566. 

System of drainage is combined, 21567. 

Some infiltration of subsoil water, 21568. 

Water supply and quality of water, 21569-70. 

Drainage area about 10,000 acres, 21571. 

70 per cent. use pail or middens, 30 per cent. water 
closets, 21572. 

Average dry weather flow; summer 7,000,000 ; 
winter 9,000,090 gallons, 21573. 

Maximum dry weather flow 7,000,000 to 12,000,000 
gallons, 21574. 

Minimum dry weather flow 3,000,000 to 6,000,000 
gallons, 21575. 

Maximum wet weather flow at the rate of 53,000,000 
gallons, 21576. 

Storm water overflows fixed on sewers, 21577. 

Greatest volume past last overflow, 18,786,000 gallons, 
21578. 

Annual rainfall 7,474,896,000 gallons, 21579. 

Volume of sewage 3,285,000,000 gallons per year, 
21580, 21717*-8. 

Quantity discharged by overflows 1,200,000,000 gal- 
lons, ib. 

Average daily infiltration about 2,500,000 gallons, 
21581. 

About 4,000,000 gallons of trade effluent daily, 21582. 

Nature of the trade effluents, 7d. 

Rules for reception of trade effluents, 21583. | 

Effluents render purification more difficult, 21584. 

Suspended solids in sewage, 21585-6. 

Average analyses of sewage, etc., 1903-4, 21587. 
pp. 185-236. 

Variations in strength due to trade liquids, 21589. 

Best measure of strength of sewage, 21590. 

Chemical poisons in the sewage, 21592. 

Sewage nearly always alkaline, 21593. 

Sometimes acid for short periods, due to rushes of 
acid liquor, 21912-3. 

Suspended solids during storm, 21594. 

Main sewer laid in 1881-5; branches since: have 
not sunk, 21595. » 

Character of sewage in storm times, 21596, 21719-20, 

Requirements of Local Government Board work 
satisfactorily, 21597, 21721-38, 21780-4. 

Suggested modifications, 21597. 

Shape and size of storm overflows, 21598-9. 

Should be fixed for certain volume of flow, 21600-2, 
21905-6. 

Advantages of separate and combined systems of 
sewers, 21603, 21724. 

Working of settlement tanks, 21604-9, 21907. 

Grit should be removed first, 21610. 4 

Sludge has no manurial value, 21611, 21785-6. 

No chemical poisons in sludge, 21612. 

No nuisance from settlement tanks, 21613. 

Purification by chemical precipitation, 2161423. 

Analysis of liquor from tanks, 21618. 

No nuisance from chemical precipitation, 21623. 

Size and working of the septic tanks, 2162449, 21725- 
38, 21803-32. 

Best way of disposal of sludge, 21636, 21787-802, 
21915-36. 

Suspended solids during working, 21637-8, 21804. 

Storm water should not be passed through septic 
tank, 21639-41, 21908. 

Septic tanks best preparation for the beds, 21643. 

No nuisance from septic tanks, 21645*. 

Suspended solids should be removed from sewage, 
21646-7, 21739-42, 21807-11. 

Comparative cost and advantages of the various 
methods of settlement, 21650. 

Construction and working of contact beds, 21651-77, 
21833-70, 21937-9. 

Automatic gear not successful, 21660. 

First flush of storm should not be allowed on the beds, 
21663, 21909-10. 

One contact sufficient for weak tank liquors, 21664. 

Loss of capacity of primary and secondary beds, 
21665-8, 21743-52, 21911. 

Average analyses of effluents, 21669, 21753-4. 

Average quantity treated per cubie yard, 21669.* 


769 


“CAMPBELL, K. F.—cont. GONTACT BEDS—cont. 


Suspended matter in effluents, 21670,* 21755-6. 

Effluent from first bed probably putrescible, 21671.* 

Coarse beds only may be used as streaming filters, 
21673. 

Cost of beds £1,700 per acre, 21674. 

No nuisance from contact beds, 21677. 

Construction and working of percolating filters, 
21678-701, 21757-79, 21871-904. 

Best method, of distribution, 21684. 

Suspended solids in filter effluent, 21692-5. 

Cost of filter £2,500 per acre, 21696. 

Average analysis at ordinary and storm rates, 7b. 

No nvisance from percolating filters, 21701. 

Comparative cost and advantages of percolating 
filters and contact beds, 21702-4, 21808-9, 
21940-5. ; 

Reliable test of strength of liquor, 21704. 

Storm water filters lose efficiency by intermittent use, 
21706. 

Suggestions for disposing of sludge, 21706.* 

Constituents of a good, effluent, 21707. 

Effluent from contact inferior to that of percolating 
bed, 21708. 

Tests relied on in judging effluent, 21709-10. 

One standard, possible and, desirable, 21711-2. 

After first flush storm water can be treated on either 
contact or percolating beds, 21713. 

Automatic contrivances inadvisable in large works, 
21714. 

Value of chemical tests, 21716. 

Quantitative determination of strength, 21716.* 

Legislation should be consolidated in one Act, 21717, 


*OATTLE: 


Effluent should be so pure as not to hurt cattle, 
Richmond, 19991 -5. 


*OENTRAL SEWAGE BOARD : 


Central authority for Scotland should be appointed, 
Cowie, 19736. 

Scotch distillers would prefer central authority to 
Gourt of Session, Richmond, 19996. 

Landowners entirely opposed to any new authority, 
ab., 20001. 

Inconvenience may arise in absence of control of 
rivers, Hughes, 20116-8. 

Control should not be left to Rivers’ Board, 7b., 20119- 
21. 

Appeal to central board would meet difficulty, %b., 
20122-3. 

Satisfied with control of Rivers’ Board, subject to 
appeal, Rawson, 20180. 

Control should rest with Rivers’ Board or County 
Council, Somerville, 20240-3. 

Rivers’ Board or some authority should have power 
to remove derelict weirs, 7b., 20252-3. 

Importance of formation, Fowler, 22858 (e), 23037- 
40, 23146-50. 

Would settle disputes as to trade waste, Reid, 24433. 

Board agreed to, but not cutting up the country 
into areas, ib., 24434-8. 

Immediate formation hoped for, Watson, 25256. 

‘Conservancy Board, should not have power to inter- 
fere between manufacturers and local authorities, 
Scudder, 25721-34. 

Such interference should be reserved for the central 
board, 7b., 25722. 

‘Central would be more satisfactory than local board, 
ib., 25730. 

Inquiries could proceed similarly to Local Government 
Board, inquiries, ¢b., 25731-2. 

Parties would invariably appeal to central body, 26., 
25733-4. 

Central authority would be of great value, 1b., 25736. 


‘CHEMICAL TREATMENT : 


See Precipitation. 


‘COLNE: 


Analysis of water of the river, Wilson, p. 532. 
Effect of sewage and effluents, 7b., pp. 546-7. 


CONTACT BEDS: 


Purification of distillery waste, Cowie, 19757-88. 
Fewer contacts with big percolating filter recom- 
mended, 2b., 19798. 


Boiling with lime and bacteria beds give best effluent, 
ab., 19788, 19908-10. 

Insufficient for distillery waste without precipitation 
and lime, Richmond, 20058. 

Construction and working, Pickles, 20769-98, 20868- 
70, 20924-79, 21013-29; Bolton, 21141-58, 
21218, 21270-80, 21355-66 ; Kershaw, 21460-75, 
21559-60; Campbell, 21651-77, 21833-70, 
21937-9 ; Harrison, 22005-22,  22141-7; 
Valentine, 22449-77, 22.494 ; Wilkinson, 
22642-93 ; Fowler, 22791-817, 22927-32, 22968- 
72, 23153-7; Bell, 23228-35, 23327, 23393-406 ; 
Wike, 23558-70, 23644; Wilkinson, 24282-7 ; 
Letts, 24681-2, 24814-38; Willcox, 26075-103, 
26178-82, 26301-6. 

Size and grading of filtering material, Pickles, 20772-3. 

Tank treatment requisite before beds, 7b., 20775. 

Table giving gaugings of capacity, ib., 20783, 20946-9. 

Loss of capacity of beds, ib., 20784 ; Bolton, 21156-7 ; 
Kershaw, 21471-3 ; Campbell, 21665-8, 21743-52, 
21911; Harrison, 22016, 22022, 22155-68, 
22185-91, 22223-32, 22363-72; Valentine, 
22462-5; Wilkinson, 22655, 22668-86 ; Fowler, 
tables, 22802, 23107-28 ; Wike, 23571; Haworth, 
23616; Wilkinson, 24292; Willcox, 26092. 

Cost of washing clogged bed, Pickles, 20785 ; Will-ox, 
26091, 26319-21. 

Analysis of single and double contact effluent, 7., 
20787; Bolton, 21158; Kershaw, 21474, 
21527*-48 ; Campbell, 21669, 21753-4; Har- 
rison, 22018, 22055-6; Valentine, 22466; 
Fowler, 22806; Haworth, 23618; Letts, 24684. 

Very detrimental to use bed as streaming filter 
in storm, Pickles, 20794, 21045-7. 

No nuisance from contact beds, 7ib., 20798-8090 ; 
Bolton, 21168; Kershaw, 21484; Campbell, 
21677; Valentine, 22477; Wilkinson, 22664 ; 
Fowler, 22817; Wike, 23580; Wilkinson, 
24296; Willcox, 26104. 

Comparative cost and advantages of contact beds 
and percolating filters, Pickles, 20799; Bolton, 
21191-4, 21388-9; Campbell, 21702-4, 21808-9, 
21940-5; Harrison, 22041-2, 22063, 22148-54, 
22192, 22259-64; Valentine, 22479-81; Fowler, 
22841-4, 22850, 22976-93 ; Reid, 24432 (145-8) ; 
Watson, 25028-30, 25404-17; Wallcox, 26126-8, 
26134, 26183. 

Effluent superior to percolating filter, Pickles, 20807, 
20871-8, 21048-52. 

Final effluent not hurtful to fish, Bolton, 21159. 

Suspended matter in effluent, ib., 21161-3 ; Kershaw, 
21477-8; Valentine, 22469-70; Fowler, 22809-10. 

First flush is putrescible, Bolton, 21162; Campbell, 
21670*, 21755-6 ; Fowler, 22811; Willcox, 26998. 

No advantage in using bed as streaming filter, 
Bolton, 21164. 

Cost of beds, 2b., 21165, 21219-21 ; Campbell, 21674 ; 
Wilkinson, 22663; Wake, 23579. 

Analysis of liquor after discharge and after rest, 
Bolton, 21166. 

Average analysis on bed and percolating filter 
systems, 7b., 21193, 21388-9. 

Effluent from percolating filter better than from 
contact beds, 2b., 21200. 

Storm water hurtful to upper layers, 7b., 21204. 

Single contact cannot be relied on, Kershaw, 21470. 

Suspended matter not increased by increase of fillings, 
b., 21480. 

Sprinklers more likely to cause nuisance, 7b., 21486. 

Purification in beds 50 to 60 per cent., ib., 21487. 

Percolating filters produce better nitrification than 
single contact, «b., 21493. 

Automatic gear not successful, Campbell, 21660. 

First flush of storm should not be allowed on the 
beds, 1b., 21663, 21909-10. 

One contact sufficient for weak tank liquors, 7.. 
21664. 

Average quantity treated per cubic yard, ib., 21669*. 
Effluent from first bed probably putrescible, 7b., 
21671*. 
Coarse beds only may be used as streaming filters, 

ib., 21673. 
Effluent inferior to percolating filter, ib., 21708. 
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CONTACT BEDS—cont. CONTACT BEDS—c_ ne. 


After first flush storm water can be treated on beds, 
tb., 21713. 

Suspended solids should be removed, Harrison, 22009. 

Single bed does not produce satisfactory efiluent, 
tb., 22015. 

Average amount of suspended matter, ib., 22020. 

Experiments in aeration, ib., 22021, 22160-4. 

Tron tends to choke contact beds, 7b., 22165, 22233-43. 

Well-settled storm tank effluent may be streamed 
through secondary bed, Valentine, 22460. 

Suspended matter in primary effluent, 7b., 22469-70. 

First flush of effluent generally putrescible, 7b., 22471. 

Suspended solids greater in storm times, 7b., 22472, 

Beds may be used as streaming filters, <b., 22473; 
Wilkinson, 22662; Fowler, 22813; Wik2, 23578; 
Willcox, 26100. é 

Analysis of gases, Valentine, 22475. 

First flush taken by itself is putrescible; Wilkinson, 
22661, 22706-8. 

Effluent discharged into river, ib., 22695-8. 

Causes of loss of capacity, Fowler, 22803, 22994-3004. 

Beds washed at 1s. or 2s. per cubic yard, 1b., 22804, 
23120-5. 

Method of maintaining capacity, ib., 22805. 

Clay passes through in early stages of storm, 2b., 
22812. 

Short contacts better than streaming filters; 7b., 
22813. . 

Action of beds when full and resting, 7b., 22815. 

Conditions of aeration, ib., 22816. 

Contact and percolating filter effluents, 7b., 22850. 

First contact effluent improves Ship Canal, ib 
22856. 

Practical limit of loss of capacity, ib., 23107-17. 

Limit not reached in five years’ working, <b 
23118-28. 

Treatment of lime effluent on beds a failure, Wike, 
23527, 23636. 

Gaugings of a first and second bed, 7b., 23571. 

Loss not in proportion to volume treated, 7b., 235'72. 

Material can be washed satisfactorily, 7b., 23573, 
23642-3, 23881-912. 

Best way to maintain capacity, ib., 23574 ; Haworth, 
23617; Wilkinson, 24294. 

First flush from first bed slightly putrescible, Wike, 
23576. 

Beds preferable to percolating filters, ib., 23582, 
23590. 

Single contact converts tank liquor into satisfactory 
effluent, Haworth, 23615. 

Analysis of tank liquors so treated, 7b. 

Average amount of suspended matter in effluent, ib., 
23619. 

First flush of first bed effluent sometimes putrescible, 
ib., 23621, 

Hypochlorite of soda helps to mature a new bed, 
Kirby, 24103-24. 

Overdose would sterilise the beds, 7b., 24104-7, 
24122, 

Cost of using hypochlorite, ib., 241 12-20, 24147-8. 

Delivery at top of bed preferred, tb., 24197-205. 

Crude sewage should not be put on, Wilkinson, 
24288. 

Observations on automatic gear, 1b., 24291, 24333-4, 

Cost of beds and volume treated, ib., 24295. 

Beds inferior to fine percolating filters, Reid, 24432 
(90,154). 

Results of working of filters and beds, 7b., pp. 582-3, 

Bed useful for weak sewage, 1b., 24454, 

Single contact does not materially help land treat- 
ment, tb., 24572-91, 24647-9. 

Experiments with different materials, Letts, 24682, 
24814-38. 

Suspended matter in effluents, 7b., 24686. 

Slight smell when bed is being filled, 1b., 24687. 

Effluent should not differ from percolating filter 
effluent, Watson, 25037. 

Septic tank effluent treated by double contact satis- 
factory, Scudder, 25752. 

Triple or quadruple contact would give better 
results, 7b.; 25753. 
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Purification a question of S| practicability, 7b., 


25754-5. 


Percolating filters preferred, ib., 25757-66, 25796, 
25824. 


Percolating filter lasts longer, ib., 25775-8. 

Automatic gear useful on small works, Willcoz,.. 
26034, 26138. 

Amount treated per cubic yard, 7b., 26085, 26094, » 
26182. 

Method and cost of washing clogged bed, 2b., 26091, 
26319-21. 

Maintenance of capacity, ib., 26092. 

Impurity reduced by 75 per cent. by double contact,. 
7b., 260938. 

Percolating filters accomplish far more purification, 
1b. 

Amount and character of suspended matter, ib., 
26096-7. 


COWIE, Dr., anp OTHERS. (Analysis of Evidence.) 


Introduces deputation representing the whole Scotch. 
malt distilling trade, 19728-33. 

Difficulty created by decisions in Findlay v. Dal- 
uaine-Talisker Distillery Co. and Daluaine, etc., 
Co. v. Grant, 19734. 

Statement on distilling industry, 19736. 

Points urged upon the Commission, ib. 

Standard of purity should be fixed, 2b. 

Compulsory purchase of land for purification should: 
be provided for, 76. 

Central authority for Scotland should be appointed, 
ib. 

Temporary arrangements with landed proprietors. 
should be made, 7d. 

Pot-ale effluent not hurtful to fish, 19737-49. 

Proportion borne to total water is infinitesimal, 19743.. 


_ Decrease in fish in the Spey due to other causes, 


19745-8. 

Distillery anxious to render effluent innocuous, 
19750, 19922-3. 

Difficulties acute on the Spey, 19751-6. 

Purification by successive contact beds, 19757-88. 

Trouble arises from propagation of yeast cells, 
19767-71. 

Neutral effluent obtained from percolating bed,. 
19779-84. 

Success obtained by dilution of liquor, 19785-7. 

Boiling with lime destroys yeast cells, 19788. 

Description of the process, 19793-6. 

Sedimentation advantageous in treatment of waste,. 
19797. 

Fewer contacts with big percolating filter recom- 
mended, 19798. 

Evaporation effective from polluting point of view,. 
19800. 

Difficulty in getting rid of syrup, 19802. 

Expense of plant prohibitive at present, 19804-14,. 
19872. 

Complaints of smell in burning residue, 19815-21,. 
19872. 

Utilisation of waste heat from boiler furnace necessary” 
to successful drying, 19821-5. 

Steep water, washings, and spent lees not pollution, 
19827-32. 

Pumped on the waste ground and percolated, 19830-8. 

Cannot be dealt with by evaporation, 19833. 

If properly diluted would not pollute stream, 19839.. 

Association’s experiments not successful, 19841-9. 

Individual experiments still going on, 19850-8. 

Distillers willing to carry them out, 19860, 19876-9. 

Making serious attempts \to reduce pollution, 19861. 

Liming and filtering pot ale being tried on a large- 
scale, 19863-9. 

Evaporator experiment cost £12,500, 19872. 

Great trouble is want of standard of purity, 19875. 

Reasonable time should be allowed for experiment, 
19880, 19923. 

Riparian proprietors should confer with Commission,. 
19881. 

Experiments going on since 1896, 19882-91. 

No difficulty except with burnt ale, 19892-6. 

Combined action by distillers impossible, 19898-901. 

Purification up to 90 per cent. can be effected, 
19902-22. : 

Boiling with lime and bacteria beds give best effluent, 
19908-10. 

Riparian owners should be satisfied with this, 19911. 
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COWIE, Dr., anp OTHERS—cont. 


Burnt ale can be purified to 90 per cent., 19913. 

Disposal of distillery refuse, 25847. 

Treatment of burnt ale at Tamdhu, 25848-53, 
25881-3. 

Manurial value £5 a ton, 25854. 

Cost of the process, 25855-9. 

Product really worth £6 a ton, 25862. 

Expenditure not prohibitive, 25864-8, 25908-12. 

Steep water filtered on waste land, 25870-2, 25876-80. 

No nuisance from drying process, 25873. 

Incineration of pot ale, 25884-5. 

Residue used on the land, 25886. 

No pot ale put on filtering beds, 25887-9. 

Method of applying pot ale to land, 25891-905, 
25924-51. 

Excessive quantity burns the pasture, 25906, 25941. 

Steep water diluted in dam and passed into stream, 
25913-21. 

Evaporation of pot ale in the flues, 25922. 

‘Cattle food not made now, 25923. 

Improvement of land by pot ale, 25939-40, 25966-7. 

Bacteriological process at Mortlach, 25952. 

Farmers take away the sludge, 25953. 

Distilleries all taking action now, 25955. 

Great difficulty in getting land, 25962-6, 25989-91. 

Pot ale equal to turnips as cattle food, 25968-70. 

Proposed investigations with regard to land treatment, 
25971-5, 25986-7. 

Proposed investigations with regard to artificial 
filtration, 25976. 

Distilleries where no pollution above or below, 25977. 

Failure of fishery on the Spey due to other causes 
than distillery pollution, 25977-81. 

Phosphoric acid conducive to growth of fungus,25982. 

Cost of treating pot ale, 25983-5. 

Distillers would pay expense of investigations, 
25988. 

Report on Tamdhu distillery fertilizer, p. 698.. 


DEWSBURY BECK: 


Analyses of the water, Wilson, p. 533. 
Remarks on the tables, 7t., 24065-6. 


DISTILLERY WASTE: 


Difficulty created by decisions in Findlay v. Daluaine. 
Talisker Distillery Co., and Daluaine, etc., Co. v. 
Grant, Cowie, 19734. 

Statement on distillery industry, ib., 19736 ; Richmond, 
19990. 

Points urged upon the Commission, Cowie, 19736. 

Standard of purity should be fixed, 2b. 

Compulsory purchase of land for purification should 
be provided for, 7b. 

Temporary arrangements with landed proprietors 
should be made, ib. 

Pot ale not hurtful to fish, 7b., 19737-49. 

Proportion borne to total water is infinitesimal, %b., 
19743. 

Decrease in fish due to other causes, 7b., 19745-8. 

Distillers anxious to render effluent innocuous, %., 
19750, 19922-30. : 

Difficulties acute on the Spey, 7b., 19751-6. 

Purification by successive contact beds, 7b., 19757-88. 

‘Trouble arises from propagation of yeast cells, %b., 
19767-71. 

Neutral effluent obtained from percolating bed, 1b., 
19779-84. 

Suce2ss obta‘ned by dilution of l'quor, 7b., 19785-7. 

Boiling with lime destroys yeast cells, ib., 19788. 

Description of the process, 7b., 19793-6. 

Sedimentation advantageous in treatment of waste, 
ib., 19797. 

Fewer contacts with big percolating filter recom- 
mended, 7ib., 19798. 

Evaporation effective from polluting point of view, 
ab., 19800. 

‘Difficulty in getting rid of syrup, +b., 19802. 

Expense of plant prohibitive at present, ib., 19804-14, 
19872. 

Complaints of smell in burning residue, 1b., 19815-21, 
19872. 

Utilisation of waste heat from boiler furnace necessary 
to successful drying, 7b., 19821-5. 

‘Steep water, washings, and lees not pollution, %b., 
19827-32. 


DISTILLERY WASTE—coné. 


Pumped on to waste ground and percolated, tb., 
19830-8. 

Cannot be dealt with by evaporation, 7b., 19833. 

If properly diluted would not pollute stream, 1b., 
19839. 

Association’s experiments not successful, ib., 19841-9. 

Individual experiments still going on, 7b., 19850-8. 

Distillers willing to carry them out, 7ib., 19860, 
19876-9. 

Making serious attempts to reduce pullution, w., 
19861. 

Liming and filtering pot ale being tried on a large 
scale, 7b., 19863-9. 

Evaporator experiment cost £12,500, ib., 19872. 

Great trouble is want of standard of purity, 1., 
19875. 

Reasonable time should be allowed for experiment, 
ib., 19880, 19923. 

Riparian proprietors should confer with Commission, 
2b., 19881. 

Experiments going on since 1896, 7b., 19882-91. 

No difficulty except with burnt ale, 7b., 19892-6. 

Combined action by distillers impossible, 7b., 19898- 


901. 

Purification up to 90 per cent. can be effected, 2b., 
19902~22. 

Boiling with lime and bacteria beds give best effluent, 
ib., 19908-10. 

Riparian owners should be satisfied with this, 7b., 
19911. 


Burnt ale can be purified to 90 per cent., 2b., 19913. 

Position taken up by Scotch distillers, Richmond, 
19925. 

State of the river Spey, 7b., 19925-8. 

Increase of distilleries within ten or twelve years, 7b., 
19929. 

Effect of refuse on the spawning beds, 1b., 19930-3. 

Method of dealing with distillers, 7b., 19934—5. 

Daluaine case going to the House of Lords, w., 
19936-8. 

Proceedings against distillers, 7b., 19940. 

No purification of burnt ale adopted, 7b.,19941.  ~ 

Effluent not treated at Rothes, 7b., 19942-5, 19962. 

Absolute purification is difficult, 2b., 19946. 

Decrease of fish in the upper waters, 7b., 19947-53. 

Water perfectly clear when distilleries not working, 
ib., 19954-5. 

About thirty or thirty-two distilleries on the river, 1b., 
19956-8. 

Seven or eight are purifying, 1b., 19959-60. 

Majority doing so little that it is no good, 7b., 19961. 

No difficulty if arable land available, 1b., 19962. 

Land used for purification works useless for agri- 
cultural purposes, 2b., 19963-6. 

Excessive use of burnt ale damages the land, %., 


19967. 

Distilleries mostly held on perpetual lease, 1b., 1996S— 
72. 

Stringent clauses inserted against pollution, 2b., 
19972. 


Evaporating burnt ale pollutes the air, #b., 19975. 

Land for purification available at reasonable price, <b., 
19976-8. 

Facilities for works granted by landowner, ib., 19979- 
80. 

Distilleries objected to as a rule, 7b., 19981-3. 

Some distillers put refuse in river at night, 7b., 
19987-8. 

Remarks on Dr. Cowie’s statement, 7b., 19990. 

Effluent should be so pure as not to hurt cattle, ib., 
19991-5. 

Distillers would prefer central authority to Court of 
Session, 2b., 19996. 

Cases in the Court since 1895, 2b., 19997-9. 

Increase of distillers ascribed to quality of Spey 
water, 7b., 20002-16. 

Industry does not promote agriculture, 7b., 20012-7. 

Draft and burnt ale not of much value as food’ for 
cattle, 1b., 20018-23. 

Slight improvement in the Fiddich of late, 2b., 20024. 

Fungus comes and goes with heavy spate, b., 20026. 

Dr.Cowie’s experiment absolutely failed, 2b., 20028-31. 

Bacteria beds got choked, 7b., 20032-5. 


No fish able to spawn in the Fiddich now, 7., 20037-9. 
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DISTILLERY WASTE—cont. DISTILLERY WASTE-—cont. 


Conditions against pollution not in all feu charters, 
tb., 20040-2. 

Considerable sums spent on purification, 7b., 20044—7. 

Distillers willing to purify if allowed time, 2b., 20048- 
51, 20063. ‘ 

Quite impossible to fish near Daluaine distillery, 7b., 
20052-4. 

Signs of improvement these last ten years, tb., 20055-6. 

Results more satisfactory since introduction of 
continuation filter, 7b., 20057. 

Bacteria beds insufficient without precipitation and 
lime, 2b., 20058. 

Landowners cannot pledge themselves to give time 
for further experiments, 7b., 20059-66. 

Four years’ delay would bring down all leases falling 
in one-half in rent, 2b., 20067. 

Samples of river water useless unless distilleries are 
at work, 7b., 20068-70. 

Pot ale causes serious nuisance, Letts, 24668. 

Disposal of distillery refuse, Cowie, 25847. 

Treatment of burnt ale at Tamdhu, 7b., 25848-53, 
25881-3 ; Tatlock, p. 727. 

Manurial value £5 a ton, Cowie, 25854. 

Cost of the process, ib., 25855-9. 

Product really worth £6 a ton, ib., 25862. * 

Expenditure not prohibitive, 7b., 25864-8, 25908-12. 

Steep water filtered on waste land, ib., 25870-2, 
25876-80. 

No nuisance from drying process, ib., 25873. 

Incineration of pot ale, 7b., 25884-5. 

Residue used on land,. ib., 25886. 

No pot ale put on filtering beds, ib., 25887-9. 

Application of pot ale to land, ib., 25891-905, 25924- 
51; Hunter, 26454-63; Readman, 26482-90, 
26584-90 ; T'atlock, 26639-43 ; Fullarton, 26738~ 
42. 

Excessive quantity burns the pasture, Cowie, 25906, 
25941; Hunter, 26455. 

Steep water diluted and passed into stream, Cowie, 
25913-21. 

Evaporation of pot ale in the flues, 7b., 25922. 

Cattle food not made now, ib., 25923. 

‘Improvement of land by pot ale, ib., 25939-40, 
25966-7. 

Bacteriological process at Mortlach, ib., 25952. 

Farmers take away the sludge, ib., 25953. 

Distillers all taking action now, 2b., 25955. 

Great difficulty in getting land, 7b., 25962-6, 25989- 
91. 

Pot ale equal to turnips as cattle food, 7b., 25968-70. 

Proposed investigations with regard to land treat- 
ment, 2b., 25971-5, 25986-7. 

Proposed investigation with regard to artificial filtra- 
tion, 7b., 25976. 

Distilleries where no pollution above or below, ib., 
25977. 

Failure of fishery due to other causes, 7b., 25977-81. 

Phosphoric acid conducive to growth of fungus, 7b., 
25982. 

Cost of treating pot ale, tb., 25983-5. 

Distillers would pay expense of investigations, 25988. 

Report on Tamdhu distillery fertiliser, p. 698. 

Evaporation process of pot ale, Hunter, 26324-9. 

Abandoned because troublesome, ib., 26330-3. 

Feeding-cake liable to become fungated, ib. 

New process gives calcined product, ib., 26337-40. 

Experiments with sulphuric acid, ib., 26340-5, 26373, 
26453. 

Cost not prohibitive, 7b., 26342. 

Evaporation on Lennox system, ib., 26347-51. 

Complete incineration gives black unmarketable 
manure, 7b., 26353-70. 

Emanations from chimney almost amount to a 
nuisance, 7b., 26371. 

Water from evaporators would contain putrescible 
matter, 7b., 26375-81. 

Description of the phosphate process, ib., 26384-7, 
26399-4009. 

Fungus growth impossible without phosphates, %b., 
26384, 26395-7. 

Value of the calcined product, 7b, 26410. 

Anderson’s and Russell-Duncan Processes, 7., 26413- 
25. 

Fermentation process for cultivation of yeast, ib., 
26426-53. 


Fungus growth if mixed with steep water, ib., 26459— 
62. 


Rapid growth of fungus on contact beds, ib., 26464-7. 

No harm to run liquids other than pot ale into stream,, 
tb., 26468-72. 

Steep water mixed with spent lees easily precipi- 
tated, 1b., 26473-5. 

Effluents claseined into pot ale and refuse, Readman,. 
26480. 

Torrefaction or evaporation process, ib., 26491-8. 

Cost of the process, ib., 26499-513, 26632. 

Water withdrawn from stream not important, 4.,. 
26514-24. 

Precipitation of pot ale by lime, ib., 26525-35. 

Steep and wash waters and spent lees of less im-. 
portance, 7b., 26536, 26608-11. 

Can be discharged into large stream, 7b., 26537,. 
26548. 

Not injurious to fish life, 2b., 26538-55, 26610, 26616~. 
30. 

Growth of fungus in stream, 7b., 26549-66, 26606-11. 

Distinction between the two evaporation processes, . 
ib., 26567-82. 

Difficulty i in making a marketable manure, ib., 265 91-. 
602. 


‘Treatment with sulphuric acid, ib., 26595-8 ; Tatlock, 


26720-1; Hendrick, 26905, 26910-1. 

Filtration does not destroy pot ale, Readman, 26603-5.. 

Evaporation the only practical alternative to land,, 
ib., 26612. 

Value of residue about £3 a ton, 7b., 26613. 

Treatment of spent wash and pot ald, Tatlock, p. 128... 

Failure of early experiments, 7b. p. 726. 

Discharge warm and fresh into middle of stream, ib. 

Growth of putrid green matter, ib. 

Unsuitability as cattle food, ib. 

Not marketable as manure, 7b. 

Successful production of a friable manure, ib., p. 727.. 

Pot and patent still pot ale, 7b. 

Polluting qualities of pot ale, barley steep, washings,. 
and spent lees, 7b. 

Analysis of these waste liquids, 7b. 

Uniform discharge of barley steep, washings, andi 
spent lees, unobjectionable, ib., p. 728, 26668- 
72, 26683. 

Composition of pot ale at Tamdhu distillery, 7b., p. 728. 

Composition of pot ale manure, ib. 

Value £5 5s. 5d. per ton, 7b., p. 729. 

Cost of pot ale manure, ib. 

Torrefaction process at Tamdhu, i0., 26644-57,. 
26663-6. 

Filtration has proved quite ineffective, 7b., 26658-9 ;. 
Fullarton, 26762-5 ; Hendrick, 26912. 3. 

Precipitation with lime, Tatlock, 26661. 

Treatment by precipitation and contact beds, %b.,. 
26673-9. 

Growth of pot ale fungus, 7b., 26684-90; Fullarton,. 
26792-9 ; Hendrick, 26935-7; Mocadane p- 749, 
26982-8. 

Market value of the torrefied product, Tatlock,. 
26691-5, 26709-10, 26714-9. 

Possibility of recovering ammonia, 7b., 26696-9. 

Acetic acid in distillate, 7b., 26700-2. 

Pot ale as a medium for yeast cultivation, 7. 
26703-8. 

Water withdrawn from small stream might be a. 
disadvantage, 7b., 26711-3. 

Analysis of distillate “at Tamdhu, 2b., 26722. 

Oxygen absorbed by distillate, 7b., 26722-33. 

Evaporation and torrefaction processes, Fudlarton;. 
26743-6. 

Withdrawal of water from stream not much of an: 
objection, ib., 26747, 26761. 

Water sent up stalk as steam, 7)., 26748, 26759-60, 
26825. 

Vapours from torrefaction not noxious, 7b., 26750-2. 

Cost of the process, 7t., 26753-8. 

Product too acid for bacteria, 7b., 26767. 

Steep waters, etc., should be discharged during spate, 
ib., 26771-2. 

Barley steep water injurious to fish eggs, 7b., 26773-4.. 

Jnjurious to fish through want of oxygen, ib., 26776. 

Fungus gets into their gills, 1b., 26777, 268124, 

Steep water like active poison ‘to young salmon, ib., 
26778-81. 
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DISTILLERY WASTE.—cont. 


Nature and growth of the fungus, ab., 26792-9. 

Fiddich clothed with fungus in 1899 and 1900, 7b., 
26802-5. 

Statement as to fish not coming to Spey, 7b., 26814. 

Frothy scum during discharge prevents fishing, %b., 
26816-9. 

Reports of the Spey Fishery Board, ib., 26820-4. 

Concealed discharge pipes at Speyside, ib., 26831. 

Effects of distillery effluents on fish life,zb., pp. 735-6. 

Distillery effluents and by-products, Hendrick, 
25836. 

Burnt or pot ale the most important, ib., 26841. 

Composition of burnt ale, ib., 26841-53, p. 742. 

Decomposes very slowly, 7b., 26854—62. 

Composition of steep water, ib., 26863-6, p 742. 

Contains a very large number ‘of organisms, 1b., 
26867. 

Fungus found everywhere with distillery pollution, 
tb., 26870. 

Pot ale used as food for cattle and pigs, ib., 26874-82. 

Prejudice against its use as manure, 7b., 26883-91. 

Treatment by evaporation or torrefaction, 17b., 
26892-4. 

Use of product as manure, 7)., 26895. 

Loss of nitrogen by torrefaction, 7b., 26896-901. 

Possibility of recovering ammonia, 7b., 26902. 

Value of the product, ib., 26903-9, 26938-43. 

Bacterial treatment successful with sufficient aeration, 
ib., 26914-8. . 

Experiments in filtration after precipitation, 
26919-24. 

Bacterial treatment with precipitation, 7b., 26925- 
31. 

Sludge formed valuable manure, 7b., 26925. 

Steep water varies very much, 7b., 26932-4. 

Torrefaction process would not pay, ib., 2692. 

Might pay, or nearly pay, on large scale, 7b., 26943. 

Composition of distillery effluents, tables i—viii, 7b., 
pp. 742-3, 

Composition of by-products from burnt ale, 7b., p. 744. 

Burnt ale and draff feeding-cake, 7b. 

’ Sludge from filtering ponds, ib. 

Distillery sludge, dry, 7b. 

Manure products from burnt ale, a p. 745. 

Lime precipitate of burnt ale, 7. 

Mixture for bacterial treatment, 7b., 746. 

Effluents from bacterial treatment, 2b. 

Effect of settlement, precipitation, filtration, and 
incineration on distillery waste, Macadam, p. 747. 

Analysis of barley steep waters, 7b. 

Analysis of washing waters, ib., p. 748. 

_ Analysis of burnt or pot ale, 7b. 

Analysis of spent lees, 7b. 

Relative proportions of the liquids, 7b., p. 749. 

Burnt ale undoubtedly the most polluting, 7b. 

Formerly used for feeding cattle and pigs, 7b. 

Forms a useful liquid manure, 7b. 

Growth of distillery fungus, 7b., 26982-8. 

Seriously interferes with healthy fish life, 7b., p. 749. 

Evaporation and incineration of burnt ale, 7b. 

Only solution, but costly, 7b., 26953-63, 26986. 

Spraying up the chimney not a success, 7b., p. 749. 

Analysis of burnt ale ash, 7b. 

Worth £5 3s. a ton as manure, ib., p.750, 

Residue not fit for cattle food, 7b. 

Feeding cakes of grains and burnt ale not recom- 
mended, 7b. 

Analysis of feeding cake, 7b. 

Abstraction of water from stream may become 
serious, 7. 

Burnt ale as manure, 7b., 26946-52. 

Treatment by irrigation useless, 7b., p. 750. 

Liquid highly polluting after filtration through 
Tand; 2b. 

Cement in pipes destroyed by dreg, 7b., p. 751. 

Analysis of cement before and after action, ib. 

Precipitation by chemicals and filtration unsuccessful, 
ab., 

Bacterial treatment of the less offensive liquids 
more promising, 7. 

Processes, except evaporation, viewed unfavourably, 
ab., 26945, 

Nitrogen lost by incineration, 7b., 26957-9 

Cannot be recovered to pay, ib., 26960. 
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DISTILLERY WASTE—cont. 


DISTRIBUTORS : 


Process might be made to pay by using waste heat, 10., 
26961-3. ; 

Bacterial treatment of burnt ale regarded unfavour- 
ably, 7b., 26964-8. 

Cost of the evaporation process, 7b., 26969-77. 

Would be reduced if nitrogen could be retained, 7d., 
26978. 

Steep and wash waters should be precipitated and 
put on land, 2b., 26987-9. 

Bacteria beds would not remove potash and phos- 
phates, 7b., 26989. 

Land generally available near distilleries, 7b., 26990. 


Conditions of a perfect distributor, Bolton, 21173 ; 
Campbell, 21684; Harrison, 22028; Fowler, 
22822-4; Reid, 24432 (127); Watson, 25010 ; 
Willcox, 26109, 26187. 

Sprinklers likely to cause nuisance, Kershaw, 21486. 

Best method of distribution on filters, Campbell, 
21684. 

Sprinklers require to be cleaned out daily, Harrison, 
22199-212. 

Best method of feeding, Fowler, 22822-5. 

Best form of distribution, Reid, 24432 (90, 154). 

Distribution by spraying causes nuisance, 7b., 24444. 


DON: 


River reasonably pure above Sheffield, Hughes, 
20074-5. 

Not resorted to for fishing, ib., 20076. 

More than ten mills above Sheffield, 2b., 20077-80. 

Dams only used for power, 7b., 20081. 

No trade effluent except one paper mill and wire 
works, 7b., 20082. 

Action for pollution by sludging dismissed, 7b., 
20088-92. 

Acidity due to moorland waters, ochre water, and 
effiuent from wire works, 7b., 20133-6. 

oe proved no pollution by sludging, 5., 20137- 


List of mills and works on the river, ib., p. 25. 
Analysis of the water, Wilson, pp. 536- Sx 
Analysis of the water during floods, 7b., p. 542. 
Analysis of sludges from mill dams, 7b., p. 543. 
Analysis of water while sludging, 7b., p. 544. 
Effect of sewage and effluents, 7b., pp. 547-8. 
Remarks on the tables, 7b., 24070-82. 


DORTMUND TANKS : 


Effectively remove suspended matter, Watson, 


25001-2, 25352-3, 25402. 


DUBLIN : 


Nuisance due to sewage rather than the ulva, Lets, 
24883-6. 

Rathmines and Pembroke discharges are very effec- 
tive, ib., 24887-97. 

Sewage could safely be discharged at mouth of 
harbour, 7b., 24892-901. 

Present expensive treatment is unnecessary, 70., 
24898. : 


DYERS’ WASTE : 


Causes trouble in dry weather, Pickles, 20710. 


EFFLUENT : 


No sewage effluent satisfactory for drinking, Reid, 
20617. 

Financially impracticable to sterilise effluent, 
20619-46. 

Constituents of a good effluent, Pickles, 20806* ; 
Bolton, 21199; Kershaw, 21492; Campbell, 
21707; Harrison, 22043; Valentine, 22484*; 
Fowler, 22849; Bell, 23264; Wike, 23589; 
Haworth, 23622, 23676-8; Watson, 25036; 
Willcox, 26133. 

Effect of discharge into river, Kershaw, 21500, 
21561-2; Watson, 25042, 25139-64. 

Effect of keeping, Kershaw, 21502, 21523-7. 


wb., 


ELLAND : 


Experiments in sludge burning, Goodrich, 25504 
eb seq. 
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EXETER: 
Experiments with septic tank, Stoddart, p, 754. 
FERMENTATION : 
Experiments in fortiontation: Adeney, pp. 665-73. 
25586-620. 


Chemical changes during aerobic bacterial fermenta- 
tion, 2b., pp. 672, 679-08. 
Experiments in rapid fermentation, 2b., p. 673. 


FIDDICH : 
Slight improvement in the river of late, Richmond. 
20024. 
Fungus comes and goes with heavy spate, 7b., 20026, 
No fish able to spawn in the river now, 7b., 20037-9. 
Clothed with fungus in 1899 and 1900, Fwllarton, 
26802-5. 


FILTERING MATERIAL: 


Best materials for contact beds and filters, Ross and 
Pickles, 20772-3; Bolton, 21144-5, 21168*; 
Kershaw, 21463-4; Campbell, 21654-5, 21678 ; 
Harrison, 22007- 8, 22023, 22302; Valentine, 
292452-3; Wilkinson,eJ. B., 22645- 6; Fowler, 
22'794—5, 22818; Bell, 23231-2, 23236, 23327 ; 
Wike, 23561-2; Wilkinson, J. P., 24285-6; 
Reid, 24432 (121), 24526-71, 27075; Watson, 
25004, 25343; Willcox, 26078-9, 26105, 26178. 
26182. 

Analytical results showing effect of sizes, Fowler, 
22819, 22973, 23013 -9. 

Experiments with different materials on contact 
beds, Letts, 24682, 24814-38. 

Coarse material allows suspended matter to come 
out, Scudder, 25767, 25785. 

Must not be too fine, 7b., 25776-81. 

Large material favours vegetable growth, Willcox, 
26124, 26235-40. 


FILTERS: 
See under Percolating Filters. 


FISH: 


Pot ale not hurtful, Cowie, 19737-49. 

Killed by paper works effluent, Rawson, 20210. 

Dam sludging smothers fish, Tatton, 20265-70. 

Final contact bed effluent not hurtful to fish, Bolton, 
21159. 

Suspended matter in storm water clogs gills, Fowler, 
22743, 22942-5. 

Distillery fungus seriously interferes with fish, Mac- 
adam, p. 749. 

Steep and wash waters not injurious, Readman, 26538- 
55, 26610, 26616-30. 

Steep water injurious to fish eggs, Fullarton, 26773-4. 

Injurious to fish through want of oxygen, <b., 26776. 

Fungus gets into their gills, ib., 26777, 26812—4. 

Steep water like active poison to young salmon, ab., 
26778-81. 

Frothy scum during discharge prevents fishing, ib., 
26816-9. 

Statement as to fish not spawning, 7b., 26814. 

Reports of the Spey Fishery Board, 7b., 26820-4. 

Effects of distillery effluents, etc., on fish life, ib., pp. 
735-6. 


FOWLER, GILBERT J., p.sc., F.1.0. (Analysis of his 
Evidence. ) 


Treatment of sewage at Manchester, 22710. 

Population of drainage area 575,000, 22711. 

System of drainage almost entirely combined, 22712. 

Infiltration of subsoil water 6,000,000 gallons per day, 
22713. 

Water supply 29 gallons per head, 22714, 

Quality of the water, 22715. 

Drainage area 11,800 acres, 22716, 22933-6. 

62% per cent. use pails and middens, remainder water 
closets, 22717. 

Average dry weather flow in winter 26,481,000 and in 
summer 25,311,000 fase 22718. 

Maximum dry weather flow 37,236,000 gallons, 22719, 

Minimum dry weather ioe 14/644,000 gallons, 
22720. 

Maximum wet weather flow at the rate of 222,625,000 
gallons, 22721. 

215 storm overflows on the system, 22722. 
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FOWLER, GILBERT J.—cont. 


Designed to operate at five dilutions, 22722-5, 22937- 


40. 
Greatest daily flow 163,624,000 gallons, 22723, 
23041-5. 


Annual rainfall 8,408,597,400 gallons, 22721. 

Volume of sewage 12,000 to 13,000 million gallons 
per annum, 22725, 23046-70. 

Infiltration probably greater in winter, 22726. 

Character and quantity of trade effluents, 22727, 
22859-75, 23139-45. 

Typical samples of various trade effluents, 22727. 

Regulations for admission into sewers, 22728, 22876-8. 

Trade effluents interfere with purification, 22729, 
22879-85. 

Suspended matter in sewage, 22730, 

Physical character of solids, 22731. 

Average analyses of sewage, etc., 1903-4, 22732, 
pp. 401-24. ; 

Hourly variations of strength, 22734. 

Best measure of strength of sewage, 22735, 22886-901. 

Poisons present in small quantity, 22737, 22902-3. 

Sewage practically always alkaline, 22738. 

Suspended solids in storm times, 22739. 

Character of liquid portion in dry weather and storm 
times, 22740. 

Treatment of sewage in storm times, 22741, 22904, 
22941, 23071-84. 

Dilutions should depend on volume of stream, 22743. 

Suspended matter clogs gills of fish and blocks up 
waterworks filters, ib., 22942-5, 

Separate system of sewers impracticable, 22745. 

First flush of storm must be treated, id. 

Analysis of continuous settlement tank liquor, 22746, 
22905-6. 

Settlement takes place in two and a half hours, 22747, 
22958-64. 

Two hours quiescent settlement or four hours’ con- 
tinuous gives good tank liquor, 22748. 

Tanks used in parallel, 22749, 22907-8. 

Bafiling boards keep back grease, 22750. 

Sludging done by hand labour, 22751. 

Removal of heavy suspended matter depends on cir- 
cumstances, 22752, 22909-11, 23089-95. 

Farmers take sludge in limited quant’ties, 22753. 

Without lime apt to be acid, 22754. 

No nuisance from settlement tanks, 22755. . 

Septic tank effluent gives rather better filtrate than 
chemical precipitation, 22757. a 

Value and cost of different precipitants, 22758. 

Should be added in solution with moderate mixing, 
22759, 22912. 

Average analysis of precipitation tank liquor, 22760, 
22946-7. 

Character of suspended matter, 22761. 

2 per cent. of lime added to sludge, 22762. 

Farmers take it on account of the lime, 22763, 22913, 
23129. 

Analysis of the pressed sludge cake, 22763. 

Rather less offensive than settled sludge, 22764. 

No nuisance from chemical precipitation, 22765. 

Construction and working of the septic tanks, 22766- 
85, 22915, 22948-57, 23085, 23151-2. 

Results of treatment in open septic tank, 22775. 

Amount of sludge which can be destroyed, 2b. 

Rate of flow through tank, 2b. (1). 

Suspended matter entering tank, 7b. (2). 

Suspended matter leaving the tank, ib. (3). 

Suspended matter remaining in tank, 7b. (4), 22916-22. 

Calculation of work done by the tank, 7b. (4). 

Amount and nature of dissolved matters, ib. (5). 

Amount of iron entering and leaving the tank, 2b. (6) 

Condition of dissolved iron in effluent, 7b. 

jas evolved from open septio tank, ib. (7). 

General observations and conclusions, ib. (7), 22923. 

Sludge should be removed periodically, 22776, 
23085-8. 

Removal and disposal of sludge, 22777, 22965. 

Suspended solids in tank liquor, 22778-9. 

Reasons against passng whole of storm water 
through tank, 22780-3. 

No serious nuisance from working, except the gas 
evolved from sludge, 22785. 

Removal of suspended solids before filtration, 22786— 
9, 22966. 
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FOWLER, GILBERT J.—<on’. 


Comparative cost and advantages of various methods 
of settlement, 22790, 229246, 22967. 

Construction and working of contact beds, 22791-817, 
22927-32, 22968-72, 23153-7. 

Tables showing loss of capacity, 22802. 

Causes of loss of capacity, 22803, 22994-3004. 

Beds can easily be washed at cost of Is. or 2s. per 
cubic yard, 23120-5, 22804. 

Method of maintaining capacity, 22805. 

Average analyses of sngle and double contact effl- 
ent, 22806. 

Suspended matter in primary and secondary effluents, 
22809-10. 

First flush of effluent is putrescible, 22811. 

Clay passes through filters in early stage of storm, 
22812. } 

Beds may be used as streaming filters ; short contacts 
better, 22813. 

Action of beds when full and resting, 22815. 

Conditions of aeration, 22816. 

No nuisance from contact beds, 22817. 

Construction and working of percolating filters, 
22818-41, 23158-63. 

Best materials for filters, 22818. 

Analytical results showing effect of size, 22819, 
22973, 23013-9. 

Efficient screening renders tank treatment unneces- 
sary, 22820, 23089-106. 

Best method of feeding, 22822-5. 

Conditions of aeration, 22827-8, 22975, 23020-30. 

Suspended solids in filter effluent, 22832-5. 

Oxidation of ammoniacal and organic matter, 22837. 

Trouble from vegetable growths, 22839. 

No appreciable nuisance: clouds of flies extremely 
objectionable, 22840. 

Comparative cost and advantages of percolating 
filters and contact beds, 228414, 22976-93. 
Storm water filters; summary of reports, 22845-6. 

Suggestions for disposing of sludge, 22847-8. 

Constituents of a good effluent, 22849. 

Contact bed and percolating filter effluents, 22850. 

Tests of quality relied on, 22851, 23031. 

One standard not possible or desirable, 22852-3 
23032-8. 

Effect of storm water upon filters, 22854. 

Automatic working not desirable or useful, 22855. 

First contact bed effluent improves Ship Canal, 
22856. 

Values attached to chemical tests in use, 22857. 

Importance of study of physical and chemical changes 
during purification, 22858 (a). 

Laws for admission of trade refuse into sewers should 
be clearly defined, 7b. (0). 

Importance of broad policy in sanitary administra- 
tion, 7b. (c). 

Water supply of towns should be beyond reach of 
pollution, ib. (d). 

Importance of formation of a central authority, 7. 
(e), 23037-40, 23146-50. 

Tron in solution from galvanising works, 22859-75. 

Maximum flow through septic tank in storm times, 
22948-57. 

Quiescent settlement of storm water, 22958-64. 

Rapid treatment in small septic tank useful, 22978-9. 

Working of the streaming beds, 23005-12. 

Treatment of suspended matter in Leeds filter, 
23094106. 

Practical limit of loss of capacity in contact beds, 
23107-17. 

Limit not reached in five years’ working, 23118-28. 

Pressing sludge recommended, 23131. 

Burning causes a lot of dust, 23132. 


FULLARTON, JOHN H., m.a., p.sc. (Analysis of his 


Evidence.) 
Application of pot ale to land, 26738-42. 
Evaporation and torrefaction processes, 26743-6. 
Withdrawal of water from stream not much of an 
objection, 26747, 26761. 
Water sent up stalk as steam, 26748, 26759-60, 
26825. 
Vapours from torrefaction not noxious, 26750-2. 
Cost of the process, 26753-8. 
Simple filter beds quite ineffective, 26762-5. 
Product too acid for bacteria, 26767. 
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FULLARTON, JOHN H.—cont. 


Steep waters, etc., should be discharged during 
spate, 26771-2. 

Barley steep water injurious to fish eggs, 26773-4. 

Injurious to fish through want of oxygen, 26776. 

Fungus gets into their gills, 26777, 26812-4. 


‘Steep water like active poison to young salmon, 


26778-81. 

Nature and growth of the fungus, 26792-9. 

Fiddich clothed with fungus in 1899 and 1900, 26802-— 
5. 

Statement as to fish not coming to Spey for spawning, 
26814. 

Frothy scum during discharge prevents fishing, 
26816-9. é 

Reports of the Spey Fishery Board, 26820-4. 

Concealed discharge pipes at Speyside, 26831. 

Effects of distillery effluents, village sewage, and 
various waters on fish life, pp. 735-6. 


FUNGUS : 


For Distillery Fungus see under Distillery Waste. 


GALVANISERS’ PICKLE: 


Tron in solution in sewage, Fowler, 22859-75. 

Discharge renders sewage acid, Haworth, 23603. 

Treatment by chemical precipitation essential, 
Reid, 24432 (54, 82). 


GAS: 


Analyses of gases from bacteria beds, Valentine, 
22475. dxide 

Gas evolved from open septic tank, Fowler, 22775 (7). 

Nuisance from gas evolved from sludge, 2b., 22785. 


GOODRICH, WALTER FRANCIS, A.INST.MECH.E. 


(Analysis of his Evidence.) 


Manager for Meldrum Bros., Ltd., 25490. 

Practicable to burn sludge in a destructor, 25491. 

Sludge at Elland rich enough to burn alone, 25492. 

Sludge should be mixed with twice its weight of 
house refuse, 25493-7. 

Should be drained or pressed, 25498-500. 

No nuisance from burning sludge and refuse, 25503. 

Experiments at Bolton, Elland, Leyton, and Wal- 
thamstow, 25504 et seq. 

Cost of works and upkeep at Leyton, 25508-10. 

All sludge and house refuse burned, 25511-2. 

Coal dust and sludge burned at Bolton, 25513, 25545. 

Cost of plant and upkeep, 25515-6. 

Plant would burn all the sludge, 25517. 

Cost of plant at Elland, 25518. 

All sludge and house refuse burnt, 25519-26. 

No nuisance or complaints though destructor near 
houses, 25528-32. 

1 ewt. of coal dust used to 1 ton of sludge, 25533-4. 

Heat can be used for drying sludge, 25535-6. 

Process might be made self-supporting, 2553842. 

Cost of carting serious where destructor some distance 
from sewage works, 25542-3. 

No difficulty in getting rid of clinker, 25546-67. 

Clinker suitable for bacteria beds, 25548-62. 

Not equal to best clinker from refuse alone, 25566. 

Cost of burning with coal dust is 10d. per ton, 25568- 
71. 

Quite practicable financially where coal dust available, 
25572-4. 

No nuisance from the process, 25575-7. 

Tables giving descriptions, details of working and 
cost, etc., of sludge destructors at various places, 
pp. 654-64. 


HALLIWELL, E. (Analysis of his Evidence.) 


Chief Inspector, Ribble Joint Committee, 20474 . 

Nature of mill-dams in Ribble district, 20475. 

Sludge washed out into the stream, 20476. 

Streams very foul below the dams, 20477. 

Enormous increase in suspended matter, 20478-9. 

Suspended matter in putrefying condition, 20480-1. 

Undoubted stink from discharging dam, 20484. 

State of river frequently complained of, 20485. 

Action against Halliwell dismissed, 20487-9090. 

Held that matter in suspension not within Act of 
1876, 20491-6. 


Or 
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Spee K.—cont. 


Sludging permitted under Section 17, 20497-500. 

Law should be altered to provide for removal of 
sediment, 20501-5, 20513-4. 

Removal by carting financially practicable, 20506. 

Removal by boat effected at one dam, 20507-10. 

Sediment has very small manurial value, 20511. 

Removal impracticable when river in flood, 20515-7. 

Law should provide for control of discharge, 20518-21 

Table showing evils of dam sludging, 20521-4. 

Zone standards not desirable, 20525, 20557. 

Standards should be variable to suit circumstances, 
20526, 20594-6. 

Not in favour of fixed standards, 20527-32. 
Effluent may be non-putrescible in itself, but may 
cause putresence in the stream, 20533-42. 
Three parts suspended matter in 100,000 not too 
severe a standard, 20543. 

Measure of dissolved oxygen taken up a valuable 
test, 20543-56. 

Nitrates should be present in sewage effluents, 20543- 
6. 

Provisional standard not modified according to 
locality or position, 20558. 

Whole waters at beginning of storm should be treated, 
20559-62, 20587. 

Amount limited by size of sewers, 20564. 

Karly dilutions much worse nos dry weather flow, 
20565-8. 

Main thing is to settle suspended matter, 20569-76. 

No fixed rule can be made as to volume, 20577-8. 

Provisional rule does not meet the case, 20579. 

More latitude should be shown, 20580*° 

Possible for short period to deal with more than six 
volumes, 20582-4. 

Some sewers not capable of taking six volumes, 
20585-6. 

Financially practicable to treat six volumes, 20587- 
93. 

Actually done by certain authorities, 20588-93. 

Storm water prevents standard being fixed, 20595-600 

Difficult to consider scheme without standard, 20596. 

Nature of storm water, basis of decision, 20597-600. 

Law should be amended to prevent surreptitious 
emptying of manufacturers’ precipitation tanks, 
p. 42. 

Samples taken at purification plant 
p. 43. 

Samples taken at brown paper works, pp. 43, 45. 

Samples taken at dye works, pp. 44-5. 

Samples taken at printers’ dyers, p. 44. 

Samples taken at white paper works, p. 46. 





calico primters, 


HANLEY : 


Method of sewage treatment, Willcow, 25993. 

Population of drainage area 60,000, 7b., 25995 (1). 

One quarter drained on separate system, ib. (2), 
26022. 


Little infiltration of subsoil water, 7b., 25595 (3), 


26000. 

Water supply and analysis of water, 7b., 25595 (4). 

Water moderately soft, 2b. (5). 

Whole area of 1,800 acres sewered, 7b. (6). 

Eighty-five per cent. use water closets ; remainder 
middens or pails, 7b. (7). 

Average dry weather flow 3,600,000 to 4,000,000 
gallons, 2b., 25595 (8), 26287-94. 

Storm overflows now being reconstructed, 7b., 25996. 

Largest daily flow 14,000,000 gallons, 7b., 25997, 
26144-5. 

Rainfall 23 inches, 7b., 25998. 

Information as to total sewage not available, 7., 
25999, 26147. 

About 1,250,000 gallons trade effluent daily, %b., 
26001. 

No rules as to trade effluent, 2b., 26002. 

Clay in trade waste called “slip” increases sludge, 
7b., 26003, 26257-8. 

Average amount of suspended matter in sewage, 7b., 
26004. 

Physical character of the solids, iy, 26005. 


Average analysis of sewage, 1903-4, 7b., 26006, 26307. 


A little below average strength, 7b., 26007-8, 26148, 
26256. 
No chemical poisons in it, 7b., 26011. 


HARRISON, W. H., sc. 


HANLEY—coné. 


Always alkaline, 7b., 26012. 

Sewers laid about 1870 with good gradients, ab., 
26014. 

Character of liquid sewage in storm times, 7b., 26015. 

Treatment of sewage in storm times, 7b., 26015. 

Shape and size of storm overflows, ib., 26017. 

Sewage settled by continuous settlentent, 7b., 26027. 

Analysis of crude sewage and tank effluent, 7b., 
26027, 26209-11. 

Sludge dealt with in filter presses ; no nuisance, ib., 
26032. 


No chemical poisons in it, 2b., 26035, 26045. 


No nuisance from settlement tanks, ib., 26036. 


‘Analysis of effluent from precipitation tank, 7., 


26041. 

No nuisance from the tanks, 2b., 26046, 26069. 

Construction and working of septic tanks, ib., 26048- 
74, 26265-81. 

Construction and working of contact beds, 7., 
26075-104, 26178-82, 26301-6. 

Cost of contact beds about £4,500 per acre, ib., 
26101, 26184. 

Construction end working of percolating filters, i., 
26105-25, 26184-233, p. 716. 

Cost about £5,500 per acre, 7b., 26120. ; 

Analysis of tank and filter effluent, ab., 26120, 26133, 
26322. 

Working of storm water filters, 7b., 26130, 26241-8. 

Filter beds used in rotation, 7b., 26282-4. . 


(Analysis of his Evidence.) 


Chemist to Leeds Sewage Works, 21946. 
General system of sewage treatment at Leeds, 
21948. 


‘Population of the drainage area 450,142, 21949. 


Storm water and sewage enter same sewers, 21950. 
Some infiltration of subsoil water, 21951. 

Water supply 36 gallons per head, 21952. 

Quality of the water, 21953. 

Drainage area nearly 21,500 acres, 21954. 


Three-fourths use water-closets and the' rest privies, 


21955. 

Average dry weather flow 15,000,000 to 17,000,000 
gallons, 21956-8, 22061-72. 

Maximum dry weather flow 26,000,000. gallons, 
21957. 

Minimum dry weather flow 10,500,000 gallons, 
21958. 

Hourly variation in rate of flow, 7b. 

Maximum wet weather flow 60,000, 000 gallons, 
21959, 22073-9. 

Daily infiltration about 3,000,000 gallons, 21960. 

Percentage of trade effluents, 21961. 

Rules for reception of trade effluents, 21962. 

No difficulty in treating the mixed sewage, 21962*, 
22244-8, 

Suspended matter in sewage, 21963-4, 22102-4. 

Average analysis for 1903-4, 21965, 22105-6. 

Strength varies, but not much, 21966-7, 22213-4._ 

Not much poison in the sewage, 21968. 

Neutral to litmus normally, 21969. 

Composition of storm water sewage, 21970, 22249-55, 

Character of liquid in storm times, 21971. 

Treatment of sewage in storm times, 21972, 22080- 
95, 22107-13, 22181-4, 22215-22. 

Average analysis of storm filtrate, 1904, 21972. 

Ditto of settled sewage, 21973. 

Experiments in quiescent settlement, 21974, 22273-7. 

Quiescent and continuous compared, 21975. 


-Arrangement of settlement tanks, 21975 (a). 


Baffling boards or walls should be installed, 21975 (6) 

Method of sludging, 21975 (c), 22114-21. 

Road detritus settled out in tanks, 21976. 

Precipitation with lime, etc., 21977-9, 22122-7, 
22134-9. 

Chemically precipitated sewage easily treated, 21978. 
22132-3. : 

Comparative table of results, 21978. 

Most effective method of working, 21980. 

Average analysis of tank liquor, 21981. 

No chemicals added to sludge, 21982. 

Character of suspended matter, 21983. 

Manurial value of sludge is low, 21984. 

Does not contain appreciable amount of poisons, 
21985, 22140. 
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HARRISON, W. H.—cont. , 


No nuisance from tanks except in drying mud, 
21986. 

Construction and working of septic tanks, 21987- 
2003, 22045-53. ‘ 

Average analyses of effluents, 21989. 

Analyses showing effect of rates of flow, 21992. 

Not found possible to over-septicise, 21993, 22045. 

Amount of digestion in the tanks, 21994, 22287-98. 

Sludge should be removed periodically, 21995. 

Suspended solids in tank liquor, 21997-8. 

Effluent not affected by fluctuations with automatic 
gear, 21999. 

Not more easily treated on filters than settled 
sewage, 22000. 

Comparative analysis of sewage, etc., 1903-4, 22000, 
22054, pp. 261-310. 

Very little nuisance from open septic tank, 22001. 

Probably due to presence of iron, ib., 22097-101. 

Suspended solids should be removed, 22003, 22009. 

Precipitation with efficient area best method, 22004. 

Construction and working of contact beds, 22005-22. 
22141-7. 

Single bed does not produce satisfactory effluent, 
22015. 
Rate and causes of loss of capacity, 22016, 22022, 
22155-68, 22185-91, 22223-32, 22363-72. 
Average analyses of single and double contact 
bed effluent, 22018, 22055-6. 

Average amount of suspended matter, 22020. 

Experiments in aeration, 22021, 22160-4. 

Construction and working of percolating filters, 
22023-40, 22057-6], 22169-78, 22299-362, 

_ 22373-9. 

Suspended matter should be removed, 22025. 

Nature of suspended solids in effluent, 22035-7, 
22062. ; 

Average analysis of effluent, 1902-5, 22038, 22330-41. 

‘Table showing effect of temperature, 22039. 

‘Comparative cost and advantages of percolating 
filters and contact beds, 22041-2, 22063, 22148- 
54, 22192, 22259-64. é 

Constituents of a good effluent, 22043. 

Value of the various tests of quality, 22044, 22179-80. 

- Sprinklers require to be cleaned out daily, 22199-212. 

Tron tends to choke contact beds, 22165-7, 22233- 
43. 

Percolating filtration most convenient where iron is 
present, 22237-41. 

Settlement of storm water essential, 22258. 

Percolating filters most convenient for further 
treatment, 22259. 

Experiments with streaming filters unsuccessful, 
22265-6. / 

Septic conditions not found in sludge, 22279-80. 


HAWORTH, JOHN, rF.c.s. (Analysis of his Evidence.) 


Chemist at Sheffield Sewage Works, 23595. 

Effect of each kind of trade waste, 23596, 23646-55. 

Suspended matter in the sewage, 23597-8, 23656. 

Average analyses of sewage, etc., 1903-4, 23599, 
pp. 485-519. 

Best measure of strength, 23600, 23658. 

Free acids and sulphocyanides present, 23602, 
23659-60. 

Usually slightly alkaline except during discharge of 
acid waste like iron pickle, 23603. 

‘Suspended solids durmg storm, 23604. 

Analyses of road water from gullies, 23605. 

Character of liquid sewage in storm times, 23605*. 

Analyses of septic tank liquors, p. 471. 

Analyses of settled sewage, p. 472 

Average analyses of settled tank liquors, 23606. 

Suspended solids in crude sewage, 23607. 

Average analyses of precipitation tank liquor, 23608. 

Character of suspended matter, 23609, 23661-9. 

Quite possible to over-septicise sewage, 23610. 

Amount of digestion in septic tanks, 23611, 23670-5. 

Suspended solids increase after three or four weeks, 
23612-3, 23738. 

‘Should be removed before filtration, 23614. 

‘Single contract converts tank liquor into satisfactory 
effluent, 23615. 

Averag> analysis of tank liquors so treated, ib. 

Incubator tests of similar effluents, 7b. 

Causes of loss of capacity, 23616. 


HAWORTH, JOHN—cont. 


Best method of maintaming capacity, 23617. 

Average analyses of single and double contact 
effluents, 23618. 

Average amount of suspended matter, 23619. 

Solids chiefly consist of iron hydroxide, 23620, 
23661-9. 

First flush of first bed effluent sometimes putrescible, 
23621. 

Constituents of a good effluent, 23622, 23676-8. 

Tests of quality chiefly relied on, 23624-5. 

Value attached to the chemical tests, 23625, 23679. 

Quantitative determination of strength, 23627. 

Regulation of trade effluents under consideration, 
23654. 

Equable flow desirable and necessary, 23655. 

New scheme for sewage disposal, 23696-9, 23714-914. 

Advantages of weekly removal of sludge, 23731-59. 

Nuisance from smell of septic tank, 23760-3. 

Storm water should not be put into septic tank, 
23764-7. 

Proposed treatment of storm water, 23768-819. 

Proposed method of disposing of sludge, 23853-80. 


HEBBLE BROOK: 


Analyses of the water, Wilson, p. 534. 
Effect of sewage and effluents, 7b., pp. 545-6. 
Remarks on the tables, 7b., 24069, 24085. 


HENDRICK, JAMES, B.sc., F.1.c. (Analysis of Evidence.) 


Distillery effluents and by-products, 26836. 

Burnt or pot ale the most important, 26840. 

Composition of burnt ale, 26841-53, p. 742. 

Decomposes very slowly, 26854-62. 

Composition of steep water, 26863-6, p. 742. 

Jontains a very large number of organisms, 26867. 

Fungus found everywhere with distillery pollution, 
26870. 

Pot ale used as food for cattle and pigs, 26874-82. 

Prejudice against its use as manure, 26883-91. 

Treatment by evaporation or torrefaction, 26892-4. 

Use of product as manure, 26895. 

Loss of nitrogen by torrefaction, 26896-901. 

Possibility of recovering ammonia, 26902. 

Value of the torrified product, 26903-9, 26938-43. 

Treatment with sulphuric acid, 26905, 26910-1. 

Filtration has always proved unsuccessful, 26912-3. 

Bacterial treatment with sufficient aeration successful, 
26914-8. 

Experiments in filtration, after precipitation, 26919- 
24. 

Bacterial treatment with precipitation, 26925-31. 

Sludge formed valuable manure, 26925. 

Steep water varies very much, 26932-4. 

Growth of fungus, 26935-7. 

Torrefaction process would not pay, 26942. 

Might pay, or nearly pay, on large scale, 26943. 

Composition of distillery effluents, tables i-viii, pp. 
742-3, 

Composition of by-products from burnt ale, p. 744. 

Burnt ale and draff feeding cake, 1b. 

Sludge from filtering ponds, 1b. 

Distillery sludge, dry, 7. 

Manure products prepared from burnt ale, p. 745. 

Lime precipitate of burnt ale, 2b. 

Mixture for bacterial treatment, p. 746. 

Effluents from bacterial treatment, 7b. 


HEYWOOD : 


Sewage treatment: chemical precipitation and single 
contact, Bolton, 21058. 

Population of drainage area 23,500, 2b., 21059. 

All storm water enters sewers, 7b., 21060. 

Infiltration of subsoil water 109,000 gallons daily, 7b. 
21061. 

Water supply 20 gallons soft water, 7b., 21062-3. 

Drainage area 525 acres, 7b., 21064. 

Number of pails, middens, and water closets, 7b., 
21065. 

Average daily flow : winter, 774,510 gallons ; summer, 
629,172, ib., 21066. 

Maximum dry weather flow 1,098,000 gallons, ib., 
21067. 

Minimum dry weather flow 324,000 gallons, 7., 
21068. 
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HEY WOOD—<ccnt. UDDE RSFIELD—cout. 


Storm overflow set to deliver 4,200,000 gallons, 7b., 
21069-70. 

Storm water screened and passed into river, %b., 
21070, 21223-49, 21282-306. 

Maximum coming to works in 24 hours 3,573,000 
gallons, ¢b., 21071. 

Average rainfall 362,008,C00 gallons yearly, 7b., 
21072. 

Volume of sewage 394,025,000 gallons yearly, ib., 
21073. 

Winter daily excess 99,000 gallons, 7b., 21074. 

70,000 gallons trade effluent per day, 7b., 21075. 

Manufacturers have free access to sewers, 2b. 

Effluents do not materially interfere with treatment, 
1b., 21077. 

Suspended matter in sewage, 7b., 21078-9. 

Average analyses of sewage, etc., 1903-4, ib., 21080, 
pp. 113-29. 

No chemical poisons in the sewage, 7b., 21085. 

Sewage always alkaline, 7b., 21086. 

Suspended solids during heavy rain, ib., 21087. 

Sewers laid thirty-five years ago : have sunk in many 
places, 2b., 21088. 

Character of liquid sewage in storm, 7b., 21089, 21289, 

Treatment of sewage in storm time, 7b., 21090. 

Average analyses after first rushes, 7b. 

Shape and size of storm overflows, 2b., 21091-4. 

Analysis of typical sample of road water, ib., 21096. 

Method of working precipitation tanks, 7b., 21101-2. 

Best method of sludging, 7b., 21103. 

Analysis of liquor from tanks, ib., 21109. 

Character of suspended matter, 7b., 21110. 

Lime added to sludge to keep it porous, ib., 21111. 

Manurial value of sludge, 7b., 21112. 

Smell offensive during sludging, 7b., 21113, 21126, 
21267-9. 

Construction and working of septic tank, ib., 21114-39. 
21312-50. 

Suspended solids in tank, 7b., 21127-30, 21312-39. 

Very offensive smell given off, 7b., 21135, 21212-6. 

Comparative cost and advantages of various methods 
of settlement, 2b., 21140-68. 

Construction and working of contact beds, 7b., 21141- 
58, 21218, 21270-80, 21355-66. 

Analysis of liquor treated, 7b., 21155. 

Analysis of single and double contact effluents, 7b. 
21158. 

Final effluent not hurtful to fish, #b., 21159. 

Suspended matter in effluent, 7b. 21161-3. 

First flush is putrescible, 7b., 21162. 

Oost £21,240 per acre, 2b., 21165, 21219-21. _ 

Analysis of liquor after discharge and after rest,ib., 
21166. 

No nuisance whatever from treatment, ib., 21168. 

Construction and working of continuous filters, 2b., 
21168*-90, 21367-89. 

Suspended solids in filter effluents, ib., 21181-4. 

Cost £9,500 per acre, 7b., 21185. 

Risk of nuisance greater than with contact bed, ib., 
21190. 


HOL BECK: 


Analysis of the water, Wilson, p. 527. 


HOLYWOOD : 


Sewage would cause ulva nuisance apart from Belfast, 
Letts, 24902-6. 


HUDDERSFIELD : 


Systems of sewage treatment, Campbell, 21565. 

Population of drainage area 100,000, 7b., 21566. 

System of drainage is combined, ib., 21567. 

Some infiltration of subsoil water, ib., 21568. 

Water supply and quality of water, ib., 21569-70. 

Drainage area about 10,000 acres, ib., 21571. 

Seventy per cent. use pail or middens, 30 per cent. 
water closets, 7b., 21572. 

Average dry weather flow: summer, 7,000,000: 
winter, 9,000,000 gallons fb., 21573. 

Maximum dry weather flow 7,000,000 to 12,000,000 
gallons, 7b., 21574. 

Minimum dry weather flow 3,000,000 to 6,000,000 
gallons, #b., 21575. 


Maximum wet weather flow at the rate of 53,000,000: 
gallons, 7b., 21576. Te: 

Storm water overflows fixed on sewers, 7b., 22577. 

Greatest volume past last overflow 18,786,000 
gallons, 7b., 21578. 

Annual rainfall 7,474,896,000 gallons, 7b., 21579. 

Volume of sewage 3,285,000,000 gallons per year:. 
ab., 21580, 21717*-8. 

Quantity discharged by overflows 1,200,000,000 gal- 
lons, 2b. 

Average daily infiltration about 2,500,000 gallons, ib... 
21581. 

About 4,000,000 gallons of trade effluent daily, 1b.,. 
21582. 

Nature of the trade effluents, 7b. 

Rules for reception of trade effluents, ib., 21583.. 

Effluents render purification more difficult, 7b., 21584. 

Suspended solids in sewage, 7b., 21585-6. 

Average analyses of sewage, etc., 1903-4, ib., 21587,. 
pp. 185-236. ° 

Variations in strength due to trade liquids, 7b... 
21589. 

Chemical poisons in the sewage, ib., 21592. 

Sewage nearly always alkaline, ib., 21593. 

Sometimes acid for short periods due to rushes of 
acid liquor, 7b., 21593, 21912-3. 

Suspended solids during storm, 7b., 21594. 

Main sewer laid in 1881-5: branches since; have not: 
sunk, 7b., 21595. 

Character of sewage in storm times, ib., 21596... 
21719-20. 

Shape and size of storm overflows, 7b., 21598-9. 

Working of settlement tanks, ib., 21604-9, 21907. 

Sludge has no manurial value, <b., 21611, 21785-6. 

No chemical poisons in sludge, 7b., 21612. 

No nuisance from settlement tanks, #b., 21613. 

Purification by chemical precipitation, ib., 21614-23. 

Analysis of liquor from tanks, 7b., 21618. 

No nuisance from chemical precipitation, ¢b., 21623.. 

Size and working of the septic tanks, ib., 2162449, 
21725-38, 21803-32. 

Best way of disposal of sludge, ib., 21623, 21787-802,. 
21915-36. 

Suspended solids during working, ib., 21637-8, 21804 

No nuisance from septic tanks, ib., 21645*. 

Construction and working of contact beds, #b., 21651— 
77, 21833-70, 21937-9. : 

Automatic gear not successful, 7b., 21660. 

One contact sufficient for weak tank liquor, 7b., 21664. 

Average analysis of effluents, 7b., 21669, 21753-4. 

Average quantity treated per cubic yard, ib., 21669*. 

Suspended matter in effluents, ib., 21670*, 21755-6. 

Effluent from first bed probably putrescible, %b.,. 
21671*. E 

Cost of beds £1,700 per acre, ib., 21674. 

No nuisance from contact beds, ib., 21677. 

Construction and working of percolating filters, 
1b., 21678-701, 21757-79, 21871-904. 

Suspended solids in filter effluent, ib., 21692-5. 

Cost of filter £2,500 per acre, ib., 21696. 

Average analysis at ordinary and storm rates, ib. 

No nuisance from percolating filters, 7b., 21701. 

Experiments in sludge burning, Watson, 25432-46,. 
25464-73. 


HUGHES, HERBERT, o.m.c. (Analysis of his Evidence.): 


Clerk of Millowners’ Association of the River Don,. 
20071. 

Don is reasonably pure above Sheffield, 20074-5. 

Not resorted to for fishing, 20076. 

More than ten mills above Sheffield, 20077-8. 

Highest 15 miles up the river, 20079-80. 

Dams only used for power, 20081. 

No trade effluent except one paper mill and some- 
wire works, 20082. 

Pollution depends on character of stream, 20085-6. 

Dam sludging greater in polluted stream, 20087. 

Action for pollution by sludging dismissed, 20088-92. 

Objective of manufacturing river is utility to trade- 
in preference to absolute purity, 20094-7. 

Water worse on boilers since sewage taken out,. 
20096. 

No nuisance from sludging upon substantially un-- 
polluted stream, 20098-111. 

Association’s rules for sludging. out dams, 20112-5.. 
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HUGHES, HERBERT—cont. KERSHAW, JAMES H.—conté. 


Inconvenience may arise in absence of control, 
20116-8. 

Control should not be left to Rivers Board, 20119-21. 

Appeal to central board would meet difficulty of 
regulation, 20122-3. 

Carting away sludge financially impossible, 20124-9. 

No complaints from manufacturers as to incon- 
venience caused by dam sludging, 20131. 

Acidity of Don due to moorland waters, ochre water, 
and effluent from wire works, 20133-6. 

Analysis proved no pollution by sludging, 20137-44. 

List of mills and works on the river, p. 25. 


SHUNTER, JOHN, F.1.c., F.c.s. (Analysis of his Evidence.) 


Evaporation process of treating pot ale, 26324-9. 

Abandoned because troublesome, 26330-3. 

Feeding cake liable to become fungated, %b. 

New process gives calcined product, 26337—40. 

Experiments with sulphuric acid, 26340-5, 26373, 
26453. | 

Cost not prohibitive, 26342. 

Evaporation on Lennox system, 26347-51. 

Complete incineration gives black unmarketable 
manure, 26353-70. 

Emanations from chimney almost amount to a 
nuisance, 26371. 

‘Water from evaporators would contain putrescible 
matter, 26375-81. 

Description of the phosphate process, 26384-7, 26399- 
409. 

Fungus growth impossible without phosphates, 
26384, 26395-7. 

Value of the calcined product, 26410. 

Anderson’s and Russell-Duncan processes, 26413-25. 

Fermentation process for cultivation of yeast, 26426- 
53. 

Application of pot ale to land, 26454-63. 

‘Large quantities destroy the herbage, 26455. 

Fungus growth if mixed with steep water, 26459-62. 

Rapid growth of fungus on contact beds, 26464-7. 

No harm to run liquids other than pot ale into 
stream, 26468-72. 

Steep water mixed with spent lees easily precipitated, 
26473-5. 


ANSPECTION : 


Improvement would be effected by inspectors, 
Scudder, 25717-20. 


TRON : 


Nuisance in septic tank probably due to iron, Har- 
rison, 22097-101. 

Tends to choke contact beds, ib., 22165-7, 22233-43. 

Percolation most convenient where iron is present, 
ib., 22237-41. 

Amount entering and leaving tank, Fowler, 22775 (6.) 

Condition of dissolved iron in effluent, 7b. 

Fungoid growths associated with presence of iron, 
Watson, 25139-64. 


KERSHAW, JAMES H., r.c.s. (Analysis of his Evidence.) 


Chemist and manager Rotherham Sewage Works, 
21390. 
Treatment at Rotherham: sedimentation, single con- 
tact, and land, 21392. 
Population of drainage area 53,000 or 54,000, 21393. 
Sewers mostly on combined system, 21094. 
Some infiltration of subsoil water, 21395, 21408. 
Water supply 23°27 gallons per head, 21396. 
‘Quality of the water, 21397. 
Drainage area about 1,000 acres, 21398. 
‘Half use water-closets, half middens, 21399. 
Average daily flow 980,000 gallons, 21400. 
‘Several fixed sills or weirs in the sewers, 21404. 
Annual rainfall 468,723,750 gallons, 21406. 
Volume of sewage about 365,000,000 gallons per 
annum, 21407. 
Analysis of samples of trade effluents, 21409. 
“Trade refuse. interferes seriously with results, 21411. 
Suspended matter in sewage, 21412-3. 
Analyses of sewage, etc., 1903-4, 21414, pp. 141-68. 
Strength does not vary much, 21416. 
Sulphocyanides almost always present, 21418, 
21551-8. 


Suspended matter largely increased in storm times, 
21420. 

One section of sewers sunk, with accumulation of 
solids, 21421. 

Character of liquid in storm times, 21422, 21506-7. 

Treatment of sewage in storm times, 21423, 21503- 
15. 

Overflows might operate sooner in hilly districts, 
21.24. 

Should be fixed, not moveable, 21425. 

Dilutions might depend upon size of stream, 21426. 

Road water should be purified, 21429. 

Average analysis of tank liquor, 21431. 

Tanks in series, with scum boards, preferred, 21434-5. 

Method of sludging tanks, 21436. 

Road detritus should be kept out of tanks, 21437. 

Manurial value of sludge, 21438, 21447. 

No chemical poisons in sludge, 21439. 

Slight smell from tanks, not serious, 21440. 

Chemicals should be added in solution, 21444. 

Character of suspended matter in tank liquor, 21445. 

Necessary to mix lime with sludge to press it, 21446. 

No nuisance caused by precipitation tanks, 21449. 

Shape and method of working septic tanks, 21450-7, 
21549-50. 

Suspended matter should be removed before fil- 
tering, 21456-9. 

Construction and working of contact beds, 21460-75, 
21559-60. 

Single contact cannot be relied on, 21470. 

Loss of capacity in contact beds, 21471-3. 

Analyses of single contact effluents, 21474, 21527*-48. 

Suspended matter in effluent, 21477-8. 

Amount not increased by increase of fillings, 21480. 

Beds not used as streaming filters in storm, 21481. 


No nuisance arises from working, 21484. in 


Analyses of effluents from percolating filters, 21485. 
21516-22. 

Sprinklers more likely to cause nuisance than beds, 
21486. F: 

Purification in beds 50 to 60 per cent., 21487. 

Storm water filters practically only strainers, 21489. 

Methods of disposing of sludge, 21490-1. 

Constituents of a good effluent, 21492. 

Percolating filters produce better nitrification than 
single contact beds, 21493. 

Tests of quality of effluent, 21494-5. 

One standard not practicable, 23496-7. 

No sewage installation should be automatic, 21499. 

Effect of discharge into water, 21500, 21561-2. 

Quantitative determination of strength of sewage, 
etc, 21501. 

Effect of keeping samples of effluent, 21502, 21523-7. 


KIRBY, OSCAR J. (Analysis of his Evidence.) 


System of sewage treatment at Batley, 24086. 

General description of the works, 24087. 

Average results obtained at different stages, 24096. 

Summary of purification results, 7b. 

Oxidation of sulphuretted hydrogen in septic tank 
liquor, 24097-111. 

Lime not satisfactory for precipitating sulphate of 
iron, 24100-2. 

Hypochlorite helps to mature a new contact bed, 
24103-24. 

Overdose would sterilise the beds, 24104—7, 24122. 

Cost of using hypochlorite of soda, 24112-20, 24147-8, 

Septic tank method is the most economical, 24125-30. 

Treatment of storm water, 24131-42. 

Nuisance from the septic tank, 24144, 24152-60. 

A lot of sulphur in the sewage, 24145. 

No sludge in tank after two years’ working, 24150. 
24213. 

Nuisance due to over-septicising and the presence 
of trade effluents, 24161-78. 

Method of abating the nuisance, 24179-96. 

Delivery at top of contact bed preferred, 24197-205. 

Suspended matter in sewage and tank effluent, 
24206-23. 

No difficulty in disposing of sludge, 24228. 

Less sludge with septic tank than with settlement 
by chemicals, 24229-32. 
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KNOWLE : LEEDS—cont. 

Products of decomposition in water course, Stoddart, Average analyses of s2wage, etc., 1903-4, ib., 21965, 
27000. 22105-6, pp. 261-310. 
LANCASHIRE: Strength varies but not much, 7b., 21966-7, 22213-4. 


Land suitable for sewage treatment cannot be ob- 
tained, Scudder, 25'746-50. 


LAND: 


Compulsory purchase, for purification, should be pro- 
vided for, Cowie, 19736. 

Land used for distillery waste useless for agri- 
cultural purposes, Richmond, 19963-6. 

Excessive use of burnt ale damages the land, ib., 
19967. 

Land available at reasonable prices, ib., 19976-8. 

Sludge should be put on land, Wilkinson, 24423-6. 

Suitable land would take more than 20 tons per acre, 
#b.; 24431, 

Local Government Board requirements for filters 
sufficient without land, Reid, 24599-60. 

Not necessary to treat sludge before pumping it on 
to land, Watson, 24972. 

Effluent tends to fungoid growths, 7b., 25139-64. 

Growth associated with presence of iron, 7b. 

Land suitable for sewage treatment cannot be ob- 
tained in Lancashire, Scudder, 25746-50. 

Should be provided for sludge from percolating 
filter, 2b., 25833-5. 

Generally available near distilleries, Macadam, 26990. 


LAND FILTRATION : 


Single contact does not materially help, Red, 24572- 
91, 24647-9. 

Tendency of chemically treated liquor’ to clog, 
Willcox, 26038, 26312-3. 


LAW : 


Should prohibit pollution by the sludging of mill 
dams, Somerville, 20247-50. 

Local authority should have power to remove derelict 
weirs, 7b., 20252-3; Reid, 20677-82, 24440-1. 

Should compel owner to remove deposit from mill 
dams on to land, Tatton, 20286-7. 

Powers. with regard to mill dams insufficient under 
general law, 7b., 20315-6. 

Should be altered to provide for removal of sediment 
from mill dams, Halliwell, 20501-5, 20513-—4. 

Should provide for control of discharge, ib., 20518-21. 

Should be amended to prevent surreptitious empty- 


ing of manufacturers’ precipitation tanks, ib., 


Legislation with regard to pollution of rivers should 
be consolidated in one Act, Campbell, 21717. 
Laws for admission of trade effluents into sewers 
should be clearly defined, Fowler, 22858 (0). 
Law should prevent dam sludging, Wilson, 23918, 

23938, 23953-8. 


LEEDS: 


General system of sewage treatment, Harrison, 
21948. 

Population of the drainage area 450,142, 7b., 21949. 

Storm water and sewage enter same sewers, 2., 
21950. 

Some infiltration of subsoil water, 7)., 21951. 

Water supply 36 gallons per head, 7b., 21952. 

Quality of the water, 7b., 21935. 

Drainage area nearly 21,500 acres, ib., 21954. 

Three-fourths use water-closets and the rest privies, 
ib., 21955. 

Average dry weather flow15 to 17,000,000 gallons, 7b., 
21956-8, 22061-72. 

Maximum dry weather flow 26,000,000 gallons, 7b., 
21957. 

Minimum dry weather. flow 10,500,000 gallons, ib., 

t. 21958. 

Hourly variation in rate of flow, 7d. 

Maximum wet weather flow 60,000,000 gallons, id., 
21959, 22073-9. 

Daily infiltration about 3,000,000 gallons, ib., 21960, 
22096. 

Percentage of trade effluents, i 21961. 

Rules for reception of trade effluents, 7b., 21962. 

No difficulty in treating the mixed sewage, ib., 21962*, 
22244-8, ° 

Suspended matter in sewage, 21963-4, 22102-4, 


_ Not much poison in the sewage, ib., 21968. 


Neutral to litmus normally, #b., 21969. 
Composition of storm water sewage, 2b., 21970; 
_ 22949-55. 

Character of liquid in storm times, ib., 21971. 

Treatment of sewage in storm times, 7b., 21972, 
22080-95, 22107-13, 22181-4, 22915-19. 

Average analysis of storm filtrate, 1904, ab., 21972. 

Average analysis of settled sewage, ib., 21973. 

Experiments in quiescent settlement, 4b., 21974, 
22273-7. 

Arrangement of settlement tanks, 7b., 21975 (a). 

Method of studying, 2b., 21975 (c), 22114-21. 

Road detritus settled out in tanks, ab., 21976. 

Precipitation with lime, etc., ib., 21977-9, 1227. 
22134-9. 

Comparative table of results, ib., 21978. 

Average analysis of tank liquor, «b., 21981. 

No chemicals added to sludge, ib., 21982. 

Character of suspended matter, 7b., 21983. 

Manurial value of sludge is low, 7b., 21984. 

Does not, contain appreciable amount of poisons, 7b... 
21985, 22140. 

No nuisance, except in drying mud, 2b., 21986. 

Construction and working of septic tanks, 7b.,. 
21987-2003, 22045-53. 

Average analyses of effluents, ¢b., 21989. 

Analyses showing effect of rates of flow, 7b., 21992. 

Amount of digestion in the tanks, 7b., 21994, 22287— 
98. 

Suspended matter in tank liquor, 7b., 21997-8. 

Comparative analyses of septic tank and settled 
sewage, 1903-4, 7b., 22000, 22054. 

Very little nuisance from open septic tank, #b.,22001. | 

Probably due to presence of iron, 7b., 22001, 22097-101.. 

Construction and working of contact beds, 7b., 22005— 
22, 22141-7. 

Single bed does not produce satisfactory effluent, 70.,. 
22015. 

Average analyses of single and double contact 
effluent, 7b., 22018, 22055-6. 

Average amount of suspended matter, ¢b., 22020. 

Experiments on aeration, 7b., 22021, 22160-4. 

Construction and working of percolating filters, 7b., 
2202340, 22057-61, 22169-78, 22299-362, 
22373-9. 

Nature of suspended solids in effluent, ib., 22035-7,. 
22062. 

Average analyses of effluent, 1902-5, 7b., 22038, 
22330-41. 

Table showing effect of temperature, 7b., 22039. 

Necessity of effective sewage treatment, Wilson 
24042-57, 


LEEDS FILTER: 


Treatment of suspended matter, Fowler, 23094-106.. 


LETTS, E. A., p.so. F..0., PH.D., &. (Analysis of his 


Evidence.) 


Investigations as to treatment of Belfast sewage, 
24650. 

Difficulties arising from the Ulva Latissima, ib. 

Other localities where this seaweed is found, 24651-2,. 
24880-2. 

Purification should vary according to local circum-- 
stances, 24653, 24695-7. 

Experiments with contact beds and septic tanks,. 
24654. 

Chemical changes which occur when ’ potassium 
nitrate added to septic tank effluent, 24654 (a),. 
24698-712, 24725-38, 24800-4. 

Causes of decomposition of nitrates when in contact 
with a putrefying liquid, 24654 (6). 

Micro-organisms which reduce nitrates with evolution 
of nitrogen gas or oxides of nitrogen, ib. (c), 
24713-24, 24741-56. 

Effects produced when septic tank effluent is treated 
by a sprinkler and septic tank and sprinkler: 
effluents treated on “ denitrifying bed,” 24654 
(c). 

Changes occurring in nitrified effluent when kept at 
15°C, 24655-6, 24726-40, 24805-13. 
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LETTS, E. A.—cont, 


Population of Belfast drainage area 304,000, but 
sewage from only 50,577 is being treated, 24659. 
Practically whole rainfall goes into the sewers, 24660. 
Infiltration of subsoil water estimated at 15 per cent. 
of whole sewage, 24661. 
Water supply about 30 gallons per head, 24662. 
Quality of the water, 24663. 
Dry weather flow to works about 11,000,000 gallons, 
24664, 
Largest number past last overflow from low level 
area about 28,000,000 gallons, 24667. 
Pot ale is the only important trade effluent, 24668. 
Serious nuisance caused by action of pot ale on 
sludge, 2b. 
No rules for exception of trade effluents except as to 
temperatures, 24669. 
Average analyses of sewage, 1903-4, 24672. 
Measures of strength of sewage, 24673. 
Sewage always found to be alkaline, 24674. 
Standard overflow operates at 6 dilutions, 24678. 
Dilutions should depend on nature of stream, 24676. 
Sewage settled, when not discharging into sea, 24677. 
Discharge from high water until half an Lour after 
half ebb, 2. 
Average analyses of tank liquors, 7b. 
Heavy suspended matter should be removed, 24678. 
Sludge all goes into the sea, 24679. 
Construction of contact beds, 24681. 
Experiments with different materials, 24682, 24814- 
38. 
Average analyses of effluents, 1902, 24684. 
No chemical poisons in final effluent, 24685. 
Suspended matter in effluents, 24686. 
Slight smell when bed is being filled, 24687. 
Septic tank treatment important before continuous 
filtration, 24688, 24839-49. 
Slight nuisance when septic tank effluent put on filter, 
24689. 
Practically complete absence of sx ell at Birmingham 
works, 20. 
Character of the nuisance caused by ulva latissima, 
24690-4. 
Scheme of using the wv2 for purification, 24757-800, 
24850-60. 
Use of sulphate of copper to check growth, 24793-8. 
About one-sixth of the sewage treated on contact 
heds, 24861-5. 
Carting away wlva is very expensive, 24871-4. 
Has ameliorated but not cured the nuisance, 24875. 
Complete removal would not dispose of sludge diffi- 
culty, 24876-9. 
Nuisance at Dublin due to sewage rather than the 
ulva, 24883-6. 
Rathmines and Pembroke discharges are very effec- 
tive, 24887-97. 
Doubtful if Belfast sewage ever gets out of the Lough, 
24889. 
Dublin sewage could safely be discharged at mouth of 
the harbour, 24892-901. 
Present expensive treatment is unnecessary, 24898. 
Whole sewage of Portsmouth discharged at mouth of 
Langston Harbour, 24900. 
Holywood sewage would cause wlva nuisance apart 
from Belfast, 24902-6. 
Decided difference between discharge into open sea 
and tidal river, 24907-9. 
Proposed report on estuary pollution, 24910-2. 
Volumetric method — estimating dissolved oxygen, 
pp. 612-8. 


LEYTON: 
Experiments in sludge burning, Goodrich, 25504 e¢ seq. 


LICHFIELD : 
Treatment of brewery waste, Reid, 24443, 24613-20. 


LIME : 
See Precipitation and Sludge. 


LOANS : 
Practice of Local Government Board, Reid, 24432 
(164), 24456-63. 
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LOCAL AUTHORITIES : 


Medical officers should have control over dam sludging. 
Somerville, 20240-3. 

Authority should have power to remove derelict weirs, 
tb., 20252-3 ; Reid, 29677-82, 24440-1. 

Should not pay towards expense of clearing dams, 
Tatton, 20292-3. 

Importance of broad policy, Fowler, 22858 (c). 


LOCAL GOVERNMENT BOARD: 


Practice with regard to loans, Reid, 24432 (164), 
24456-63. 

Requirements for filters sufficient without land, 7b. 
24599-60. 

Requirements with regard to sewage in storm times, 
see under Storm Water. 


MACADAM, STEVENSON, F.1c., F.o.s. (Analysis of 


his Evidence.) 


Effect of settlement, precipitation, filtration, and 
incineration on distillery waste, p. 747. 

Stages in process of making whisky, 7b. 

Stage 1.—Steeping of the barley, 7b. 

Analyses of barley steep waters, 7b, 

Stages 2 and 3.—Malting and drying steeped barley, 
and infusion of the barley, p. 748. 

Analyses of washing waters, 1b. 

Stage 4.—Distillation of the fermented liquid, 7b. 

Analysis of burnt or pot ale, 7b. 

Analysis of spent lees, p. 7b. 

Relative proportions of the liquids, p. 749. 

Burnt ale undoubtedly the most polluting, 2b. 

Formerly used for feeding cattle and pigs, 1b. 

Formed a useful liquid manure, 7b. 

Growth of distillery fungus, 7b., 26982-8. 

Seriously interferes with healthy fish life, p. 749. 

Evaporation and incineration of burnt ale, 7b. 

Only solution, but process costly, 7b., p. 749, 26953-63, 
26986. 

Spraying up the chimney not a success, p. 749. 

Analysis of burnt ale ash, 7. 

Worth £5 3s. a ton as manure, p. 750. 

Residue after evaporation not fit for cattle food, 7- 

Feeding cakes made by mixing wet rei and 
burnt ale not recommended, 7b. 

Analysis of feeding cake, 1b. 

Abstraction of water from stream may become | 
serious, 2b. 

Distribution of burnt ale on land as manure, 7b. 
26946-52. 

Treatment as sewage by irrigation useless, p. 750. 

Liquid highly polluting after filtration through land, 
tb 


Yement in pipes destroyed by dreg, p. 751. 

Analysis of cement before and after action by dreg, 
ab. 

Precipitation by chemicals and mechanical filtra- 
tion unsuccessful, 7b. 

Bacterial treatment of the less offensive liquids moze 
promising, 7. 

Processes, except evaporation, viewed unfavourably, 
26945. 

Nitrogen lost by incineration, 26957-9. 

Cannot be recovered to pay, 26960. 

Process might be made to pay by using waste heat, 
26961-3. 

Bacterial treatment of burnt ale regarded unfavour- 
ably, 26964-8. 

Cost of the evaporation process, 26969-77. 

Would be reduced if nitrogen could be retained, 
26978. 

Steep and wash waters should be precipitated and 
put on land, 26987-9. 

Bacteria beds would not remove potash and phos- 
phates, 26989. 

Land generally available near distilleries, 26990. 


MANCHESTER: 


Proposing to deal with 6 volumes of storm water, 
Tatton, 20406, 20423-7. 

Treatment of sewace, Fowler, 22710. 

Population of drainage area 575,000, 1b., 22711; 
Wilkinson, 24254. 

System of drainage almost entirely combined, 
Fowler, 22712; Wilkinson, 24235. 
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MANCHESTER—coni. 


Infiltration of subsoil water 6,000,000 gallons per 
day, Fowler, 22713; Wilkinson, 24236. 

Water supply 29 gallons per head, Fowler, 22714 ; 
Wilkinson, 24237. 

Quality of the water, Fowler, 22715; Wilkinson, 
24238. 

Drainage area 11,800 acres, Fowler, 22716, 22933-6 ; 
Wilkinson, 24239. 

624 per cent. use pails and middens, remainder 
water closets, Fowler, 22717; Wilkinson, 24240, 
24298-300. 

Average dry weather flow in winter 26,481,000 and 
in summer 25,311,000 gallons, Fowler, 22718 : 
Wilkinson, 24241. 

Maximum dry weather flow 37,236,000 gallons, 
Fowler, 22719; Wilkinson, 24242. 

Minimum dry weather flow 18,644,000 gallons. 
Fowler, 22720; Wilkinson, 24243. 

Maximum wet weather flow at the rate of 222,625,000 
gallons, Fowler, 22721 ; Wilkinson, 24244. 
Two hundred and fifteen storm overflows designed 
to operate at 5 dilutions, Fowler, 22722-5, 

92937-40; Wilkinson, 24245, 24301. 

Greatest daily flow past last overflow 163,624,000 
gallons, Fowler, 22723, 23041-5 ; Wilkinson, 
24246. 

Annual rainfall 8,408,597,400 gallons, Fowler, 22724. 

Volume of sewage 12,000,000,000 to. 13,000,000,000 
gallons per annum, 7%., 22725, 23046-70 ; 
Wilkinson, 24248, 24302-5. 

Infiltration probably greater in winter, Fowler, 
22726. 

Character and quantity of trade effluents, 7b., 22727 
22859-75, 2313945. 

Typical samples of various trade effluents, 7b., 22727 

Regulations for admission into sewers, 1b., 22728 
22876-8. 

Trade effuents interfere with purification, 2b., 22729 
22879-85. 

Suspended matter in sewage, 7b., 227380. 

Physical character of solids, 2b., 22731. 

Average analysis of sewage, etc., 1903-4, 7b., 22732, 
pp. 401-24. 

Hourly variations in strength, 2b., 22734. 

Foisons present in small quantity, 2b., 22737, 22902-3 

Sewage practically always alkaline, 7b., 22738. 

Suspended solids in storm times, 1b., 22739. 

Character of liquid portion in dry weather and 
storm, 2b., 22740. 

Treatment of sewage in storm times, ib., 22741, 
22904, 22941, 23071-84. 

Analysis of continucus settlement tank liquors, 1b., 
22746, 22905-6. 

Settlement takes place in 2} hours, ib., 22747, 22958- 
64. 

Two hours’ quiescent settlement or 4 hours’ con- 
tinuous gives good tank liquor, 1b., 22748. 

Tanks used in parallel, ib., 22749, 22907-8. 

Baffling boards keep back grease, ib., 22750. 

Sludging done by hand labour, 7b., 22751. 

Farmers take sludge in limited quantities, 7b., 22753. 

Without lime apt to be acid, 7b., 22754. 

No nuisance from settlement tanks, 7b., 22755. 

Average analysis of precipitation tank liquor, 1b., 
22760, 22946-7. 

Character of suspended matter, 7b., 22761. 

2 per cent. of lime added to sludge, ib., 22762. 

Farmers take it on account of the lime, 7b., 22763, 
22913, 23129. 

Analysis of the pressed sludge cake, 1b., 22763. 

Rather less offensive than settled sludge, 7b., 22764. 

No nuisance from chemical precipitation, ib., 22765. 

Construction and working of the septic tanks, ib., 
2266-85, 22915, 22948-57, 23085, 23151-2; 
Wilkinson, 24261-77, 24411. 

Results of treatment in open tank, Fowler, 22775. 

Amount of sludge which can be destroyed, ib. 

Rate of flow through tank, 7b. (1). 

Suspended matter entering tank, 7b. (2). 

Suspended matter leaving the tank, ib. (3). 

Suspended matter remaining in/tank, 7b. (4), 22916-22. 

Calculation of work done by the tank, ib. (4). 

Amount and nature of dissolved matters, ib. (5). 

Amount of iron entering and leaving the tank, 7b. (6). 

Condition of dissolved iron in effluent, 7b. 


MANCHESTER—<ont. 


Gas evolved from open septic tank, 7b. (7). 

General observations and conclusions, 7b. (7), 22923. 

Removal and disposal of sludge, ib., 22777, 22965. — 

Suspended solids in tank liquor, 2b., 227789. 

Reasons against passing whole of storm water 
through, ib., 22780-3. 

No serious nuisance except gas from sludge, ib., 22785. 

Construction and working of contact beds, %b., 
22791-817, 22927-32, 22968-72, 23153-7; Wil- 
kinson, 24282-7. 

Beds washed at Is. or 2s. per cubic yard, Fowler, 
22804, 23120-5. 

Average analysis of single and double contact efflu- 
ent, 1b., 22806. 

Suspended matter in effluents, 7b., 22809-10. 

First flush of effluent is putrescible, 2b., 22811. 

Clay passes through filters in early stage of storm, 
2b., 22812. 

Action of beds when full and resting, ib., 22815. 

Conditions of aeration, 7b., 22816. 

No nuisance from contact beds, 7b., 22817. 

Construction and working of percolating filters, 7b., 
22818-41, 23158-63. 

Conditions of aeration, ib., 22827-8, 22975, 23020-30 

Suspended solids in filter effluent, 1b., 22832-5. 

Oxidation of ammoniacal and organic matter, 7b., 
22837. 

Trouble from vegetable growths, 7b., 22839. 

No appreciable nuisance except from flies, ib., 22840. 

Storm water filters ; summary of reports, 1b., 22845-6. 

Effect of storm water on filters, 7b., 22854. 

First contact bed effluent improves Ship Canal, 1b., 
22856. 

Tron in solution from galvanising works, 1b., 22859- 
75. 

Maximum flow through septic tank in storm times, 
ib., 22948-57. 

Quiescent settlement of storm water, 7b., 22958-64. 

Working of the streaming beds, 7b., 23005-12. 

Treatment of suspended matter in Leeds filter, 
ib., 23094-106. 

Limit not reached in five years’ working of contact 
beds, #b., 23107-17. 

Annual rainfall 8,432,943,750 gallons, Wilkinson, 
24247. 

Amount passing overflows cannot be stated, ib., 
24248, 24302-5. 

Infiltration varies with season and weather, ib., 24249. 

Volume and description of trade effluents, 7b., 24250. 

Some of the older sewers have settled, causing de- 
posit, ib., 24251. 

Treatment of sewage in storm times, 1b., 24252, 
24306, 24335-40, 24371-406. 

Construction and working of septic tanks, 1b., 24261— 
77, 24411. 

Method of removal and disposal of sludge, 1b., 24269, 
24408-31. 

Suspended solids ‘n tank liquors, 1b., 24270-3. 

No nuisance exc pt when sludging, ib., 24277. 

Method of removal of suspended solids, 7b., 24279- 
80, 24318-22. 

Construction and working of contact beds, 1b., 24282- 


7. 
Cost of beds and volume treated, 1b., 24295. 
Practically no nuisance from beds, 1b., 24296. 
Approximate estimate of amount passing storm 
overflows, 7b., 24302-5. 


MANCHESTER SHIP CANAL: 


Improved by first contact bed effluent, Fowler, 22856. 


MANUFACTURING REFUSE: 


See Trade Effluents. 


MERSEY AND IRWELL: 


Modified standard for effluents, Bolton, 21203. 
Putting sludge into stream an offence under the Act, 
Tatton, 20294-309. 


MILL DAMS: 


Mills on the Don above Sheffield, Hughes, 20077-80. 

Dams only used for power, 7b., 20081. 

Pollution depends on character of stream, %b., 
20085-6. 
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MI] L DAMS—cont. 


Dam sludging greater in polluted stream, «b., 20087. 

Action for pollution by sludging dismissed, ab., 
20088-92. 

Objective of manufacturing river utility to trade, 
ub., 20094~-7. 

Water worse on boilers since sewage taken out, ib., 
20096. 

No nuisance from sludging on substantially un- 
polluted stream, 7b., 20098-111. 

Association’s rules for sludging out dams, ib., 20112-5. 

Inconvenience may arise in absence of control, ib., 
20116-8. 

Control should not be left to Rivers Board, 7b., 
20119-21. 

Appeal to central board would meet difficulty, ib., 
20122-3. 

Carting away sludge aanetalty impossible, ib., 
20124-9, 

No complaints as to inconvenience of dam sludging, 
4b., 20131. 

Analyses proved no pollution by sludging, 1b., 
20137-44. 

List of mills and works on the Don, ib., p. 

Sewage held up in the mill dam, Rawson, 20160. 

No evil arises in dam or river through sludging, %b., 
20161. 

Sludging shculd be done at holiday times with notice 
to lower millowners, 7b., 20162-7. 

Some control over sludging necessary, 7b., 20168-83. 

Dams sludged once in three years, ib., 20170-3. 

Satisfied with control of Rivers Board, subject to 
appeal, ib., 20180. © 

Expense of carting away sludge prohibitive, iv., 
20184-6. 

Dam let off on Saturday afternoons, 7b., 20187. 

Dredging by punt would be an enormous expense, 
tb., 20189-94. 

Works would have to be closed ten to twenty-one days 
for wheeling out sludge, 7b., 20193-9. 

Sludge has some value as manure, 7b., 20200. 

Too stiff to be pumped out, 72b., 20201-2. 

Would not reach well at bottom of dam, 7b., 20203. 

Advantage of use of the water is considerable, %., 
20205-7. 

Drawing off only clears central channel, 7b., 20208-9 

Sewage held back by the mill dams, Somerville 
20222-4. 

Dams are really precipitation tanks, 7b., 20225. 

Sludge would be a benefit to neighbouring land, 7b., 
20226-9. 

Sludging fills the river with highly polluting sub- 
stance, 7b., 20230-4. 

Cattle will not drink the foul water, 7b., 20230. 

Sludging lasted nearly two months last year, 1b., 
20235-6. 

Most expensive to cart off the mud, 2b., 20237. 

Control should rest with Rivers Board or county 
council medical officers, 7b., 20240-3. 

Sludging should be done during flood time, 1., 
20244-6. 

Law should prohibit pollution by sludging, 1b., 
20247-50. 

Discrimination should be made between country and 
manufacturing streams, 7b., 20251. 

Sludge should be carted away, where possible, 1., 

Sludging when water low objected to, ib., 20255. 

Mud would pay cost of removal, 1b., 20256-7. 

Serious pollution by dam sludging, Tatton, 20264. 

Sufficient to smother fish, 7b., 20265-70. 

Accumulation of decaying vegetable matter a 
nuisance, 2b., 20272-4. 

Hardship on manufacturers below, 7b., 20274. 

Dam acts as settling sewage tank, ib., 20276-7. 

Solid matter should be removed on to land, 1%b., 
20278-80, 20318. 

Deposit causes trouble to riparian owners, 7b., 20281-2, 

Sluice should be opened in time of flood, 2b., 20283-5 

Law should compel owner to remove deposit on to 
land, ib., 20286-7. 

Sewage treatment in dams objected to, 7b., 20288-91. 

Local authorities should not pay towards expense 
of clearing dams, 1b., 20292-3. 

: Putting sludge into stream an offence under Mersey 

and Irwell Act, ib., 20294~-309. 
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MILL DAMS—cont. 


Not provided against in Rivers Pollution Act, 1876, 
1b., 20294-309, 20328-30. 

Saving clause in Act for sand or gravel, i)., 20303-13. 

Convictions have been obtained in all cases, 1b., 
20305-14. 

Powers insufficient under general law, ib., 20315-6. 

Practical difficulty a matter of cost, 7b., 20319. 

Manufacturers do not send water down as received, 
ib., 20320-1. 

Suspended matter is accumulated in dam, ib. 

Dams fairly watertight as a rule, ib., 20324. 

Sludging preferred to removal of deposit, tb., 20325-7. 

Expense of removal not prohibitive, 7b., 20332. 

Discharge difficult to regulate ; should be prevented, 
ib., 20333-7. 

Nature of mill dams in Ribble district; Halliwell, 
20475. 

Sludge washed out into stream, 7b., 20476. 

Streams very foul below the dams, 1b., 20477. 

Enormous increase in suspended matter, ib., 20478- 9. 

Suspended matter in putrifying condition, 7b., 20480-1. 

Undoubted stink from discharging dam, ib., 20484. 

State of river frequently complained of, 7b., 20485. 

Action against Halliwell dismissed, ib., 20487-90. 

Held that matter in suspension not within Act of 1876, 
ib., 20491-6. 

Sludging permitted under Section 17, 7b., 20497-500- 

Law should provide for removal of sediment, ib. 
20501-5, 20513-4. 

Removal by carting financially practicable, 7b., 20506 

Removal by boat effected at one dam, ib., 20507-16 

Sediment has very small manurial value, 7b., 20511 

Removal impracticable when river in flood, ib., 20515- 
qe 

Law should provide for control of discharge, ib.. 
20518-21. 

Table showing evils of dam sludging, ib., 205214. 

County authority should have right to abolish 
derelict weirs; Reid, 20677-82. 

Black matter most objectionable ; Valentine, 22392, 
22496-9. 

Worst pollution from mill reservoirs ; Haworth, 22583. 

Statement with regard to dam sludging; Wilson,23915. 

Analysis of water of rivers in the West Riding, ib., 
pp. 522-41. 

Analysis of river waters during flood, 1b., p. 542. 

Analysis of sludges taken from mill dams, ib., p. 54°. 

Analysis of waters taken while sludging, ib., p. 54’. 

Table showing effect of effluents, 7b., pp. 545-8. 

Complaints by stream users since decision in High 
Court, 7b., 23916, 23935-6. 

Two appeals dismissed since 1899, ib., 23917-29. 

Law should prevent dam sludging, ib., 23918, 23938, 
23953-8. 

Mud can be removed by other means, ib., 23919-21. 

Evil due to suspended matter, 7b., 23925-6. 

West Riding Act not stronger than Act of 1876, ib., 
23930-3. 

Water unusable while sludging going on, 7b., 23934. 

Flushing of dams a legitimate thing, ib., 23937. 

Removal by barrows financially practicable, ib.,. 
23939-52. 

Unreasonable to call upon sanitary authority to pay 
part of the cost, 71b., 23959-60. 

Manufacturers say cost of removal by barrows is 
prohibitive, ib., 23969-75. 

Cost not serious considering magnitude of business, 
1b., 23976. 

Serious in small business with large dams, 1b., 23978, 
23988-92. 

Silting can be prevented by catch pits, ib.; 23979-83. 

Interference with trade slight ; very few hard cases, 
ab., 23985-9. 

Compensation a very wide question, ib., 23986. 

Streams ought to be free from nuisance, ib., 23993-". 

Remarks on “* Analyses of water,” 7b., 24059-85. 


NUISANCE: 


Complaints of smell from the burning of distillery 
refuse, Cowie, 19815-21, 19872. 

No nuisance from drying process, 7b., 25873. 

Evaporating burnt ale-pollutes the air, Richmond, 
19975 ; Hunter, 26371. : 

No nuisance from siudging of mill dams upon sub- 
stantially unpolluted stream, Hughes, 20098-111. 
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NUISANC2—cont. 


Accumulation of decaying vegetable matters in mil! 
dams a nuisance, Z’atton, 20272-4. 

Undoubted stink from discharging mill dam, Halli- 
well, 20434. 

No nuisance from contact beds, Pickles, 20798-800 ; 
Bolton, 21168 ; Kershaw, 21484 ; Campbell, 
21677; Valentine, 22477; Wilkinson, 22664 ; 
Fowler, 22817; Wike, 23580 ; Wilkinson, 
24296; Willcox, 26104. 

Sulphuretted hydrogen produced by over-septicising, 
Pickles, 20749 ; Bolton, 21122, 21210-1. 

Smell offensive during sludging, Bolton, 21113, 
21121, 21267-9. 

Very offensive smell given off by septic tank, %b., 
21135, 21212-6. 

Risk of nuisance from percolating filters greater 
than from contact beds, 7b., 21190. 

No nuisance from chemical precipitation, Kershaw, 
21449; Campbell, 21623; Valentine, 22425 ; 
Wilkinson, 22621; Fowler, 22765; Bell, 23216, 
232124; Wike, 23534; Willcox, 26046, 26069. 

Slight smell from tanks, not serious, Kershaw, 21440. 

Sprinklers likely to cause nuisance, 7b., 21486. 

No nuisance from settlement tanks, Campbell, 
21613; Valentine, 22417, 22512; Wilkinson, 
22612*; Fowler, 22755; Wike, 238525; Watson, 
24965; Willcox, 25036. 

No nuisance from septic tanks, Campbell, 21645* ; 
Valentine, 22445; Wilkinson, 22639; Watson, 
24998, 25305. 

No nuisance from percolating filters, Campbell, 
21701; Watson, 25027; Willcox, 26125. 

Very little nuisance from open septic tank at Leeds, 
Harrison, 22001. 

Probably owing to presence of iron in sewage, 7b., 
22097-101. 

Black matter from mill reservoirs most objection- 
able, Valentine, 22496-9. 

No appreciable nuisaace from percolating filters ; 
crowds of flies extremcly objectionable, Fowler, 
2284], 

sVO serious nuisance from septic tank, except the 
gas evolved from sludge, 7b., 22785. 

No nuisance from percolating filters; sewage odour 
in hot weather, Bell, 23259, 23389-92. 

Septic tank sludge objectionable and removal 
offensive, Wike, 23545. 

Experimenta! septic tank at Sheffield gave rise to 
complaints, 7b., 23552. 

Nuisance from smell of septic tank, Haworth, 
23760-3 ; Kirby, 24144, 24152-60. 

Due to over-septicising and trade effluents, Kirby, 
24161-8. 

Method of abating the nuisance, 7b., 241'79-96. 

No nuisance from septic tanks except when sludging, 
Wilkinson, 24277. 

No nuisance from chemical precipitation except 
from sludge, Reid, 24432 (62), 24632-4. 

Nuisance likely to arise from septic tanks,. 7b., 
24432 (85). : 

Nuisance undoubtedly sometimes from. percolating 
filters, ib., 24432 (144). 

Distribution by spraying causes nuisance, 7b., 24444. 

Great nuisance from flies in open filters, 7b., 24455. 

Pot ale causes serious nuisance, Letts, 24688. 

Character of nuisance caused by ulva latissima, ib., 
24690-4. 

Carting away has ameliorated but not cured nuisance, 
ib., 24871-5. 

Nuisance at Dublin due to sewage rather than to 
the ulva, ib., 24883-6. 

Holywoed sewage a nuisance apart from Belfast, 
ib., 24902-6. 

No nuisance from sludging tanks at Birmingham ; 
detritus immedia‘ely buried, Watson, 24961, 
24988, 25096, 25305. 

‘Treatment of sewage at Birmingham farm, apart 
from sludge, never a nuisance, 7b., 24975. 

No nuisance from burning sewage sludge in destructor ; 
Watson, 25431- Goodrith, 25503, 25528-32, 
25575-7. 

Susyended matter from filter would not create a 
nuisance, Scudder, 25807-10. 


NUISANCE—< ont. 


No nuisance from sludge when dealt with in filter 
press, Willcox, 26032. 

Vapours from torrefaction of distillery refuse not 
noxious, Mullarton, 26750-2. 


Bacterial scum on septic tank objectionable, Stoddart, | 


27002-4, 27011-6. 


OLDHAM: 


Sewage treated by sedimentation and single contact, 
Valentine, 22383. 

Average dry weather flow ; winter, 3,352,230 gallons ; 
summer, 2,265,900, 2b., 22384. 

Maximum dry weather flow 6,700,000 gallons, 7b., 
22385; Wilkinson, 22575. 

Minimum dry weather flow 750,000 gallons, Valentine, 

:4 22386; Wilkinson, 22576. aa 

Maximum wet weather flow at rate of 36,000,000 
gallons, Valentine, 22387; Wilkinson, 22577. 

Largest amount past last overflow between 24,000,000 
and 25,090,000 gallons, Valentine, 22388 ; Wilkin- 
son, 22579. 

Annual rainfall about 5,300,000,000 gallons; Valen- 
tine, 22389; Wilkinson, 22580. 

Volume of sewage in 1903, 2,062,406,000 gallons ; in 
1904, 1,682,954,000 gallons; Valentine, 22390. 

Infiltration varies with the weather, 7b., 22391. 

Only a small volume of trade waste, 7b., 22392. 

Black matter from mill reservoirs most objectionable, 
ib., 22392, 22496-9. 

Average amount of suspended matter, 2b, 22393. 

Average analyses of sewage, etc., 1903-4, 7b., 22395, 
pp. 327-59. 

Sewage might be classed as weak, 1b., 22396, 
22532-7. 

Sewage and tank effluent both alkaline, «b., 22400. 

Suspended solids in times of storm, 7b., 22401; Wil- 
kinson, 22595. 

Sewers have sunk allowing solids to accumulate, 
Valentine, 22402. 

Character of liquid sewage in dry weather and storm, 
ib., 22403, 22500-3, 22538-45. 

Analysis of storm water during storm, 7b., 22403. 

Treatment of sewage in storm times, 1b., 22404—7. 
22493, 22594; Wilkinson, 22597. 

Rate of flow through settlement tanks, Valentine, 
22409. 

Average analysis of tank liquors, 2b. 

Character of sludge varies with season, 7b., 22413. 

Farmers take it. ana pay cost of removal, 2b., 22415. 

No chemical poisons in the sludge, 7b., 22416; 
Wilkinson, 22612. 

No nuisance from settlement tanks, Valentine, 22417, 
22512; Wilkinson, 22612*. _ 

Character of suspended matter, Valentine, 22422, 
22518-22 ; Wilkinson, 22586. 

Lime added to sludge, Valentine, 22423. 

No nuisance from chemical precipitation tanks, 7b., 
22495; Wilkinson, 22621. - 

Construction and working of septic tanks, Valentine, 
22496-45, 22546-62; Wilkinson, 22622-39, 
22699-7701. 

No nuisance from septic tanks, Valentine, 22445 ; 
Wilkinson, 22639. 

Construction and working of contact beds, Valentine, 
22449-77, 22494; Wilkinson, 22642-93. 

Average analysis of single contact effluent, Valentine, 
22466. 

Suspended matter in primary effluent, 7b., 22469-70. 

First flush of effluent generally putrescible, 2b., 22471. 

Suspended solids greater in storm times, 7b., 22472. 

No nuisance from contact beds, ¢b., 22477 ; Wilkinson, 
22664. 

Tanks cleared every six weeks to three months, 
Valentine, 22505-11. 

Population of drainage area about 140,000, Wilkinson, 
22567. : 

Drainage system is combined, 7b., 22568. 

Infiltration of subsoil water about 100,000 gallons a 
day, ib., 22569, 22582. 

Water supply about 23 gaiions per head, 7b., 22570. 

Quality of water, 7b., 22571. 

Drainage area about 3,700 acres, 1b., 22572. 

Number of pails, etc., and water closets, 7b., 22573. 


785 


OLDHAM—cont. PERCOLATING FILTERS —coné. 


Average dry weather flow about 4,500,000 gallons 
in winter and 2,700,000 in summer, 7b., 22574. 

Description of storm overflows, with plan, 7b, 22578, 
22598. 

Volume of sewage in 1902, 1,466,128,154; in 1903, 
2,062,406,000 gallons, ib., 22581. 

Practically no trade effluent: worst pollution from 
mill reservoirs, 7b., 22583. 

Generally insufficient to affect purification, ib., 

» 22585. 

Sewage is strong domestic sewage, 7b., 22589. 

Variation in strength considerable, 7b., 22590. 

No chemical poisons in the sewage, 7b., 22593. 

Generally neutral or slightly alkaline, 7b., 22594. 

Sewers laid 30 or 40 years ago; some deposit in the 
new intercepting sewer, 7b., 22596. 

Description of the settlement tanks, 1b., 22604-8. 

Six or eight hours necessary to get good tank 
liquor, 7b., 22606. 

Method of sludging tanks, 7b., 22609. 

Farmers use sludge for grass lands, ib., 22611, 22619. 

Septic tank sludge hard to press, should be dried, 
ab., 22630. 

Suspended solids increase towards end of working, 
ib., 22631. 

First flush of contact beds is putrescible, ¢b., 22661, 
22706-8. 

‘Cost of beds, £1,000 or £2 000 per acre, i)., 22663. 

Effluent discharged into river, ib., 22695-8. 


“OXYGEN TESTS : 


See under Tests. 


PERCOLATING FILTERS: 


Suspended, solids should be removed before filtra- 
tion, Pickles, 20764-7: Kershaw, 21456-9; 
Campbell, 21646-7, 21739-42, 21807-11; 
Harrison, 22003, 22025; Valentine, 22446-8 ; 
Wilkinson, 22640; Fowler, 22786-9, 22966 ; 
Bell, 23222-5 ; Wike, 23553-6 ; Haworth, 23614 ; 
Reid, 24432 (86-9), 24452; Watson, 24999; 
Willcox, 26118. 

Comparative cost and advantages of percolating 
filters and contact beds, Pickles, 20799 ; Bolton, 
21191-4, 21388-9 ; Campbell, 21702-4, 21808-9, 
21940-5 ; Harrison, 22041-2, 22063, 22148-54, 
22192, 22259-64: Valentine, 22479-81: Fowler, 
228414, 22850, 22976-93 ; Reid, 24432 (145-8) ; 
Watson, 25028-30, 25404-17 ; Wellcox, 26126-8, 
26183. 

Contact bed effluent superior to percolating filter, 
Pickles, 20807, 20871-8, 21048-52. 

Construction and working of continuous or percolat- 
ing filters, Bolton, 21168*-90, 21367-89 ; Camp- 
bell, 21678-701, 21757-79, 21871-904; Harrison, 
22023-40, -22057-61, 22169-78, 22299-362, 
22373-9; Fowler, 22818-41, 23158-63; Bell, 
93236-59, 23328-68: Reid, 24432 (121-39), 
24636-46 ; Watson, 25004-27, 25112-24, 25327- 
94; Willcox, 26105-24, 26184-2338. 

Suspended solids in filter effluent, Bolton, 21181-4, 
Campbell, 21692-5. 

Risk of nuisance greater than with contact bed, 
Bolton, 21190. 

Average analyses on the two systems, 7b., 21193, 
21388-9. 

Action of storm water filter, 7b., 21199. 

Effluent from percolating filter better than from 
contact bed, 2b., 21200. 

Storm water hurtful to upper layers, ib., 21204. 

Automatic working essential, 7b., 21205. 

Analyses of effluents from percolating filters, Kershaw, 
21485, 21516-22; Campbell, 21696; Harrison, 
22038, 22330-41; Bell, 23254; Willcox, 26120, 
26133, 26322. 

Sprinklers more likely to cause nuisance than beds, 
Kershaw, 21486. 

‘Storm water filters practically only strainers, 7b., 
21489. 

‘Percolating filters produce better nitrification than 
single contact, 2b., 21493. 

“Best method of distribution, Campbell, 21684. 

Average analyses at ordinary and storm rates, %b., 
21696. 


No nuisance from percolating filters, 7b., 217015 
Watson, 25927; Willcox, 26125. 

Storm water filters lose efficiency, Campbell, 21706. 

Effluent from contact bed inferior to percolating 
filter, ib., 21708. 

After first flush storm water can be treated on 
filter, 1b., 21713. 

Nature of suspended solids, Harrison, 22035-7, 
22062. 

Table showing effect of temperature, 7b., 22039. 

Sprinklers require to be cleaned out daily, ib,, 22199- 
212. 

Percolation most convenient where iron is present, 
ib., 22237-A41. 

Most convenient for further treatment of storm 
water, ib., 22259. 

C.B. Experiments with streaming filters unsuccessful, 
tb., 22265-6. 

Septically treated sewage most efficiently dealt with, 
Valentine, 22422. 

Storm filters should not be worked intermittently, 
ib., 22482-3. 

Filters get washed out during storm, 7b., 22506-7. 

Tanks cleared every six weeks to three months, ib., 
22508-11. 

Best materials for filters, Fowler, 22818. 

Analytical results showing effect of size, ib., 22819, 
22973, 23013-9. 

Efficient screening renders tank treatment unneces- 
sary, 7b., 22820, 23089-160. 

Best method of feeding, 7b., 22822-5. 

Conditions of aeration, 7b., 22827-8, 22975, 23020-30 ; 
Willcox, 26113, 26234-5. 

Suspended solids in effluent, Fowler, 22832-5. 

Oxidation of ammoniacal and organic matter, 7b. 
22837; Reid, 24432 (140-2); Watson, 25923-4. 

Trouble from vegetable growths, 7b., 22839. 

No appreciable nuisance ; clouds of fiiss extremely 
objectionable, 7., 22840. 

Storm water filters; summary of reports, 7., 
22845-6. 

Contact bed and percolating filter effluents, 7b., 
22850. 

Effect of storm water upon filters, 7b., 22854; Reid, 
24432 (153). 

Automatic working not desirable or useful, Fowler, 
22855. 

Best size and materiais for filters, Bell, 23229-35, 
23327, 23393-406. 

10 per cent. of suspended matter is organic, 2b., 
23250, 23469-74. 

No nuisance; sewage odour in hot weather, %b., 
23259, 23389-92. 

Roughing filters require cleaning in three to six 
months, t)., 23324, 23439-46. 

Experiments with 5-ft. and 8-ft. filters, 7b., 23331-40. 

Roughing tanks remove 50 per cent. suspended 
matter, 1b., 23447-50. 

Necessary because of fine material in filters, 7b., 
234514. 

Filters would be worked longer in storm times, 7b., 
23455-9. 

Considerable portion of storm water would pass 
through, ib., 23462. 

Suspended matter in fine filter effluent, 1b., 23463-8. 

Roughing filters are coarse straining filters, %b., 
23475-9. 

Percolating filters not satisfactory, Wike, 23581. 

Contact beds are preferable, 7b., 23582, 23590. 

Contact beds inferior to fine percolating filters, 
Reid, 24432 (90, 154). 

Best form of distribution, 7b. (127). 

Nuisance undoubtedly sometimes arises, ib., (144). 

Not confident of success of storm filters, ib. (149). 

Results of working of percolating filters, 7b., pp. 582-3. 


Distribution by spraying causes nuisance, ib., 24444. 


Great nuisance from flies in open filters, 7b., 24455. 

Digestion of solids in filter, 7b., 24526-34. 

Very little accumulation in fine filter, (b., 24535-71. 

Increasing rate would clog filter, 7b., 24551. 

Local Government Board insists on excessive area, 
ib., 24592-8 

Present requirements sufficient without land, <b., 
24599-610. 
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Septic treatment important before continuous fil” 
' tration, Letts, 24688, 24839-49. 

Slight nuisance when effluent put on filter, 17b., 
24689. 

No difficulty with chemically treated sewage, Watson, 
24967, 25097-8. 

Best materials for percolating filters, 7b., 25004, 
25119-21, 25418-22. 

Depth required to obtain a good effluent, 7b., 25005, 
25054-5. 

Tank treatment desirable before filter, 7b., 25006. 

Nature of suspended solids in effluent, 7b., 25018-21, 
25125-32, 25359. 

Experiments in removal of suspended solids, ib., 
25020. 

Purification less in cold weather, ib., 25025. 

Some trouble caused by vegetable growths, 7b., 
25026. 

Experience of storm water filters, 7b., 25032-3. 

Effluents from percolating filters and contact beds 
should not differ, 7b., 25037. 

Treatment necessary after percolating filter, 7b, 
25344-65. 

Possibility of harm from over-filtration, 7b., 25359-69. 

Nitrification in a good percolating filter: Adeney, 
25610-3. 

Solids should be filtered from effluents, ib., 25621-4. 

Good enough results obtained by artificial filtration, 
Scudder, 25756. 

Percolating filters preferred to contact beds, ib., 
25757-66, 25796, 25824. 

Coarse material allows suspended matter to come 
out, 2b., 25767, 25785. 

Some filtration of effluent necessary, ib., 25767-9, 
25792-3. 

Rapid sand filtration preferred, 1b., 25767, 25797. 

Suspended matter comes out however clarified 
sewage may be, 7b., 25772-3, 25786-7. 

Matters in solution become insoluble, 7b., 25774—-5. 

Filter lasts longer than contact beds, 7b., 25775-8. 

Filter must not be too fine, 7b., 25776-81. 

Slimy growth apt to form in fine filter, 2b., 25782-4 

Change from solution to suspension gives some 
purification, 7b., 25789-91. . 

Sludge production cannot be got rid of, 7b., 25795. 

Settlement after percolating filtration is satisfac- 
tory, 7b., 25800. 

Good results obtained by shallow tanks, 7b. 

Suspended matter changes physically: becomes 
more granular, 7b., 25801-4. 

Not liable to putrify to same extent, 7b., 25805-6. 

Would not create a nuisance, 7b., 25807-10. 

Manurial value greater after passing through filter, 
ib., 25811-8. 

Experimental sand filter worked admirably, ib.,, 
25819. 

Practicable to rake up accumulation on surface, ib., 
25820-3. 

Land should be provided for sludge from filters, 7b., 
25833-5. 

All kinds of sewage can be purified by percolating 
filters, 7b., 25836. 

Percolating filters accomplish far more purifica- 
tion than contact beds, Willcox, 26093, 26134. 

Atmospheric temperature does not affect working, 
ib., 26123, 26225. 

Large material favours vegetable growths, ib., 26124, 


26235-40. 

Septic tank sludge~clogs filter, Stoddart, 26992-3, 
27033-4. 

Opalescence in filtrate of overworked filter, 1b., 27005- 
10. 


Suspended matter in filtrate, 2b., 2703742. 
May safely go into tidal stream, tb., 27043-5. 
Experiments with fine filters, Reid, 27075-164. 


VERMANGANATE TESTS: 


See under Tests J 


PICKLES, G. H., a.mion., anp RAYMOND ROSS, 


F..0.; F0.8. (Analysis of their Evidence.) 
Treatment of sewage at Burnley, 20692 et seq. 
Total population 82,000, 20693. 


System of drainage, area, and sewers, 20694, 20698. 
Practically no infiltration of subsoil water, 20695. 
Water supply and quality of water, 20696-7. 

97 per cent. use water-closets: 3 per cent. tank or 
pail, 20699. 

Average dry weather flow: winter 2,500,000, sum- 
mer, 2,000,000 gallons, 20700. 

Maximum dry weather flow 4,320,000 gallons, 
20701-2. 

Maximum wet weather flow 9,000,000 gallons, 20703. 

Thirty-six storm overflows on the system, 20704. 

Maximum flow at last overflow, 9,000,000 gallons,. 
20705. 

Average rainfall, 6,963,014 gallons per day, 20706. 

Approximate volume of sewage 2,000,000,000,. 
gallons per annum, 20707. 

Analyses of trade effluents, 20708. 

Corporation regulates discharge of trade effluents, 
20709, 20879-87. 

Trouble caused by dyers’ effluent in dry weather, 
20710. 

Suspended matter in sewage, 20711-2, 20888. 

Average analyses of sewage, etc., 1903-4, 20713,. 
20816-9, pp. 71-97. 

Strength varies considerably, 20714-5. 

Best. measure of strength, 20716, 20820, 21030-6. 

Suspended matter during storm, 20720, 20821-6. 

Outfall sewer constructed in 1873, sewers have not: 
sunk, 20721. 

Character of liquid portion in storm times, 20722. 
Regulations of Local Government Board might be- 
modified, 20723, 20827-35, 20980-7, 21037. 

Shape and size of storm overflows, 20724-7. 

Size and nature of stream should be considered. 
in fixing number of dilutions, 20728, 20990-7. 

Surface water partly discharged into stream, 20729, 
21039-41. 

Analysis of road water during early period of storm,. 
20730-1. 

First portions of storm water should be purified,. 
20732. 

Comparative cost and advantages of separate and. 
combined systems of sewers, 20733, 21001-7,. 
210424, 

Chemical precipitation of sewage, 20734-40, 20826— 
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Analysis of liquor from tanks, 20737. 

Necessary to add lime to the sludge, 20738. 

Manurial value of sludge, 20739, 20805, 20858. 

No chemical poisons in sludge, 20740. 

Construction and working of septic tanks, 20741-67° 
20859-66, 20890-919. 

Sulphuretted hydrogen produced by over-septi- 
cising, 20749. 

Sludge should be removed at fairly long intervals,. 
20750-1. 

Method of removing sludge, 20753, 21008-9. 

Suspended solids in septic tank liquor, 20755, 20867... 

Suspended solids during storm, 20757, 20970-1. 

Solids should be removed before filtration, 20764-7. 

Comparative cost and advantages of various methods. 
of settlement, 20768, 21012. 

Construction and working of contact beds, 20769--- 
98, 20868-70, 20924-79, 21013-29. 

Size and grading of filtering material, 20772-3. 

Tank treatment requisite before contact beds, 20775.. 

Table giving gaugings of capacity of bed, 20783,. 
20946-9. 

Causes of loss of capacity, 20784. 

Cost of washing clogged bed, 20785. 

Analysis of single and double contact effluent, 20787. 

Very detrimental to use bed as streaming filter in. 
storm, 20794, 21045-7. 

Cost of bed £1,300 per acre, 20795. 

No nuisance from contact beds, 20798-800. 

Comparitive cost and advantages of percolating- 
filters and contact beds, 20799. 


Storm beds filled three times a week, 208034. 


Pressing sludge the only practical method, 20805, 
20920-3. 

Natural drying likely to cause nuisance, 20806. 

Constituents of a good effluent, 20806*. 


Contact bed effluent superior to saab filter... 
20807, 20871-8, 21048-52. 
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Tests of quality relied on, 20807*. 

Standards should vary according to circumstances 
20809-10. 

Automatic installations not approved, 20812. 

Values of the different chemical tests, 20814, 21053-6. 

Quantitative determination of strength, 20815. 


PORTSMOUTH: © 


Whole sewage discharged at mouth of Langston 
Harbour, Letts, 24900. 


PRECIPITATION AND SETTLEMENT : 


Chemical precipitation of sewage, Pickles, 20734-40, 
20836-58. 

Analysis of liquor from tanks, 7b., 20737; Bolton, 
21109; Kershaw, 21431;- Campbell, 21618; 
Harrison, 21973, 21981; Valentine, 22409; 
Fowler, 22746, 22760, 22905-6, 22946-7; Bell, 
23207-11, Haworth, 23606-8 ; Reid, p. 581; Letts, 
24677 ; Watson, 24970. 

Necessary to add lime to sludge, Pickles, 20738 ; 
Bolton, 21111; Kershaw, 21446; Valentine, 
22423 ; Fowler, 22754; Watson, 24970. 

Comparative cost and advantages of the various 
methods of settlement, Pickles, 20768, 21012; 
Bolton, 21140-68 ; Campbell, 21650; Wilkinson, 
22641; Fowler, 22790, 229246, 22967; Wike, 
23557 ; Wilkinson, 24281, 24323-32, 24344~70 ; 
Watson, 25003, 25053. 

Method of working precipitation tanks, Bolton, 
21101-2. 

Best method of sludging, 7b., 21103. 

Heavy suspended matter should be removed, ib., 
21104. 

Advantages of chemical treatment, ib., 21105-8, 
21307-11. 

Character of suspended matter, 7b., 21110. 

Smell offensive during sludging, 7b., 21113, 21126, 
21267-9. 

Liquor from septic tank not more easily treated, 7b., 
DIV32: 

‘Trouble from storm water would be obviated by 
settlement, 7b., 21204. 

‘Tanks in series, with scum boards, preferred, Kershaw, 
21434-5. 

Method of sludging, ib., 21436; Harrison, 21975 (c), 
22114-21; Wilkinson, 22609; Bell, 23212; 
Wike, 23521 ; Watson, 24961. 

Road detritus should be kept out, Kershaw, 21437. 

Slight smell from tanks, ib., 21440. 

Chemicals should be added in solution, 7b., 21444 ; 
Fowler, 22759, 22912; Bell, 23219. 

Character of suspended matter in tank liquor, Kershaw, 
21445; Harrison, 21983; Valentine, 22422, 
22518-22; Fowler, 22761; Bell, 23220; Haworth, 
23609, 23661-9. 

No nuisance caused by precipitation tanks, Kershaw, 
21449, 

Working of settlement tanks, Campbell, 21604-9, 
21907. 

‘Grit should be removed first, 7b., 21610. 

No nuisance from settlement tanks or chemical 
precipitation, 7ib., 21613, 21623; Valentzne, 
92417, 22425, 22512; Wilkinson, 22612 *, 
22621; Fowler, 22755, 22765; Bell, 23216, 
23312-4 ; Wike, 23525, 23534; Watson, 24965, 
25096. ; 

Purification by . chemical precipation, 
21614-23. 

Analysis of settled sewage, Harrison, 21973. 

Experiments in quiescent settlement, ab., 21974, 
22273-7. 

Quiescent and continuous compared, ¢b., 21975. 

Arrangement of settlement tanks, 7b., 21975 (a). 

Baffling boards or walls should be installed, 7b., 
21975 (6). 

Road detritus settled out in tanks, ib., 21976. 

Precipitation with lime, etc., 1b., 21977-9, 22122-7, 
22134-9. 

Chemically precipitated sewage easily treated, 1b., 
21978, 22132-3. ‘ 

Comparative table of results, 1b., 21978. 

Most effective method of working, 7b., 21980. 

No chemicals added to sludge, 7b., 21982. 


Campbell, 
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No nuisance except in drying mud, 7b., 21986. 

Septic tank effluent not more easily treated, 7b., 
22000, 22054. 

Precipitation best method of removing solids, 7b., 
22004. 

Rate. of flow through settlement tanks, Valentine, 
22409. 

Combined system of tanks advantageous, 7b., 22411, 
22558. 

Character of sludge varies with the season, 2b., 22413. 

Heavy suspended matter should be removed, 7b., 
22414. 

Chemical precipitation more effective than settle- 
ment, 2b., 22419, 22513-7. 

Septic system preferred, 1b., 22419. 

Value of different precipitants, 7b., 22420; Fowler, 
22758. 

Description of settlement tanks, Wilkinson, 22604-8. 

Six or eight hours necessary to get good liquor, %b., 
22606. 

Road detritus, ashes, etc., should be removed, 7b., 
22610. 

Sedimentation preferred to chemical precipitation, 
ib., 22614. 

Septic effluent gives better results than either, 7b., 
22614, 22636. 

Most effective way of adding chemicals, 7b., 22615-8. 

Continuous settlement tank liquor, Fowler, 22746, 
22905-6. 

Settlement takes place in 2$ hours, 7., 22747, 
22958-64. 

Two hours’ quiescent or 4 hours’ continuous gives 
good tank liquor, 1b., 22748. 

Tanks used in parallel, 7b., 22749, 22907-8; Woke, 
23519 ; Watson, 24959. 

Baffling boards keep back grease, Fowler, 22750. 

Sludging done by hand labour, 7b., 22751. 

Removal of heavy suspended matter depends on 
circumstances, 71b., 22752, 22909-11, 23089-95. 

Septic tank effluent gives rather better filtrate than 
chemical precipitation, ib., 22757. 

Value and cost of precipitants, 7b., 22758; Watson, 
24968. 

Should be added in solution with moderate mixing, 
Fowler, 22759, 22912. 

Two per cent. of lime added to sludge, 7b., 22762. 

Quiescent settlement of storm water, ib., 22958-64. 

Method of settlement, Bell, 23207-11. 23299-304. 

Results showing rate of settlement, ib., 23208. 

Road detritus arrested in silt pits, 7b. 23213. 

Sewage best precipitated by chemical treatment, 2b 
23217. 

Best results from lime followed by salts of iron, 7b., 
23218, 23317-23. 

Continuous preferred to quiescent settlement, 7b., 
23227. 

Chemical precipitation effluent would putrify, 7., 
23354. 

Six dilutions of storm water will not injure precipita- 
tion tanks, 7b., 23428-37. 

Precipitation and roughing tanks should suffice, 7., 
23461. 

Experiments in quiescent and continuous settlement, 
Wike, 23517. 

Time necessary to get a good liquor, 7ib., 23518, 
23914. 

Baffling boards a decided advantage, 7b., 23520. 

Heavy solids removed by catch pits and screens, 7b., 
23522. 

Treatment of lime effluent on contact beds a failure, 
1b., 23527, 23636. 

Method of adding lime, 7b., 23529. 

Sewage remains in tank forty-five minutes, 7b., 23530, 
23706. 

Septic tanks and settlement compared, 7b., 23550, 
23639-41 ; Kirby, 24229-32. 

Lime not satisfactory for precipitating sulphate of 
iron, Kirby, 24100-2. 

Chemical precipitation better than settlement or septic 
tanks, Reid, 24432 (54, 82). 

Essential where sewage contains galvanisers’ waste, 
ab. 

Alumino-ferric no better than sulphate of iron (with 
lime), «b. (55). 
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PRECIPITATION AND SETTLEMENT—cont. 


Lime usually added to sludge, 1b. (59). 

No nuisance except from sludge, 7b. (62), 24632-4. 

Rates of quiescent settlement, Watson, 24957, 25092. 

Time necessary to produce good effluent, 7b., 24958. 

Baffling boards are of considerable use, 2b., 24960. 

No nuisance; detritus immediately buried, ib., 
24961, 25096. 

Best method of treating road detritus, 7b., 24462. 

No difficulty in filtering chemically treated sewage, 
ib., 24967, 25097-8. 

Analysis showing effect of lime, 1b. 

Milk of lime mixed with sewage in sewer, 1b., 24969. 

Suspended matter very finely divided, 1b., 24971. 

Not necessary to treat sludge, 1b., 24972. 

Treatment, apart from sludge, never a nuisance, 1b., 
24975. 

Sedimentation sufficient before filtration, 7b., 25000. 

Dortmund tanks effectively remove suspended matter, 
ib., 25001-2, 25352-3, 25402. 

Proposed new system of removing suspended matter, 
ib., 25346. 

Settlement and chemical precipitation compared, 
Scudder, 25826-30. 

Preferred to septic tank treatment, 1b., 25831. 

Analysis of detritus tank effluent, Willcox, 26027, 
26309-11. 

Two-thirds of suspended matter removed in one 
hour, 7b., 26028, 26259-64. — 

Seldom possible to obtain good liquor by settlement 
alone, 2b., 26029. 

Tanks should be used in parallel where slow velocity 
required, 2b., 26030. 

No advantage in baffling boards or walls, 1b., 26031. 

Tanks only a preliminary to precipitation, 2b., 26033. 

No nuisance from settlement tanks, 7b., 26036. 

Tendency of chemically treated liquors to clog land 
filters, 7b., 26038, 26312-3. 

Chemicals should be thoroughly mixed, 2b., 26040. 

Analysis of precipitation tank effluent, 2b., 26041. 

Flocculent organic matter suspended, 7b., 26042. 

No nuisance from chemical precipitation tanks, 1b., 
26046. 

Suspended solids should be removed before filtra- 
tration, 7b., 26070. 

Best method of removal, 7b., 26071-2. 

Treatment before filtration, Stoddart, p. 753. 

Removal of solids without chemicals, 7b. 

Description of tank, ib. y., 754. 

Difficulty with sludge and black deposit, 2, 

Effect of rate of working, 1b. 

Loss of capacity through sludge, 7b. 

Description of effluent, 2b. 

Digestion of sludge in tank, 7b., p. 755. 

Putrefactive change in the deposit, 2b., 27017-9. 

Secondary solids avoided by rapid flow, 7b., 27020-7. 

Amount of matter discharged from solution into 
suspension, 2b., 27028. 

Rapid tow avoids nuisance, ib., 27029-32. 

Description of small installations, 7b., 27046-70. 

500 to 1,0C0 gallons a day satisfactorily dealt with, 
ib., 27057-9. 

Method of sampling sludge, ib., 27071. 

Scum boards and walls prevent short cuts, 2b., 27072- 
4. 


RAWSON, J. SELWYN (Analysis of his Evidence.) 


Millowner on the river Ryburn, 20148-54. 

Very little trade pollution in the river, 20156. 

Some sewage comes into it, 20159. 

Held up in the mill dam, 20160. 

No evil arises in dam or river through sludging, 
20161. 

Sludging should be done at holiday times with notice 
to lower millowners, 20162-7. 

Some control over sludging necessary, 20168-83. 

Dams sludged once in three years, 20170-3. 

Satisfied with control of Rivers Board, subject to 
appeal, 20180. 


Expense of carting away sludge prohibitive, 20184-6. 


Dam let off on Saturday afternoons, 20187. 

Diedging by punt would be an enormous expense, 
20189-94. 

Works would have to be closed ten to twenty-one days 
for wheeling out sludge, 20193-9. 


READMAN, JAMES BURGESS, 


RAWSON, J. SELWYN—cont. 


Sludge has some value as manure, 20200. 
Too stiff to be pumped out, 20201-2. 
Would not reach well made at bottom of dam, 20203. 


Advantage: of use of the water is considerable, 20205— . 


a 
Drawing off only clears central channel, 20208-9. 
Fish in river killed by the paper works, 20210. 


D.SC.,  F.R.S.E- 


(Analysis of his Evidence.) 


Pollutions of the river Spey, 26480. 

Classified into pot ale and refuse, 26481. 

Application of pot ale to land, 26482-90, 26584-90.. 

Torrefaction or evaporation process, 26491-8. 

Cost of the process, 26499-513, 26632. 

Water withdrawn from stream not important, 26514 - 
24. 

Precipitation of pot ale by lime, 26525-35. 

Steep and wash waters and spent lees of less im- 
portance, 26536, 26608-11. 

Can be discharged into large stream, 26537, 26548. 

Not injurious to fish life, 26538-55, 26610, 26616-30-. 

Growth of pot ale fungus in stream, 26549-66,. 
26606-11. 

Distinction between the two evaporation processes, 
26567-82. 

Difficulty in making a marketable manure, 26591-602- 

Treatment with sulphuric acid, 26595-8. 

Filtration through a very great thickness of soil does: 
not destroy pot ale, 26603-5. 

Evaporation the only practical alternative to land, 
26612. ; 

Value of residue about £3 a ton, 26613. 

Analysis of effluent to which fish were exposed, 26628. 


REID, GEORGE, m.v., p.px. (Analysis of his Evidence.) 


Medical Officer of Health, Staffordshire County 
Council, 20602. 

Best tests for sewage effluents, 20603. 

Opacity test not of great value but useful, 20604-5. 

Oxygen absorbed and albuminoid ammonia tests. 
generally reliable, 20606. 

Incubator test not suitable for good works effluent,. 
20607. 

Misleading to base a standard on one figure, 20612-5. 

Desirable to have a standard if possible, 20616. 

Uniform standard not practicable, 7b. 

Standard should be applicable to zones, 7b. 

No sewage effluent satisfactory for drinking, 20617. 

Standard should be chemical not bacteriological, 
20618. 

Financially impracticable to sterilise effluent, 20619— 
46 


Requirements of Local Government Board with. 
regard to storm water not excessive, 20647, 
20656-65. : 

Storage tanks for first flush desirable, 20647-8, 20655.. 

Foul matter probably mainly in suspension, 20649—52. 

Several authorities treating six volumes—three by 
artificial means and remainder on land, 20663-7. 

Average cost about £1 to 25s. per head, 20669. 

Rainfall as affecting condition of certain streams, 
20670-5, 20683-7, table, p. 51. 

Great deal of untreated sewage passes overflow, 
20674. 

Very desirable to treat as much as possible, 20675. 

Organic ammonia best single test, 20676. 

County authority should have right to abolish 
derelict weirs, 20677-82, 24440-1. 

General statement on sewage disposal, 24432. 

Difficulties arising from trade waste, 7b. (19), 24611- 
20. 

Daily and hourly variation of sewage, 24482 (24). 

Best indices of strength of sewage, ib. (25). 

Suspended solids in storm times, ab. (29). 

Character of liquid sewage in storm times, 7b. (31). 

Road, drainage should be subjected to at least partial 
subsidence, 2b. (41). 

Shemical precipitation gives better filtrate than. 
settlement or septic tanks, 7b. (54, 82). 

Essential where sewage contains galvanisers’ waste,7b. 

Alumino-ferric no better than sulphate of iron (with. 
lime), 7b. (55). 
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REID, GEORGE—cont, 


of 


' Lime usually added to sludge before pressing, ib. (59): 


Manurial value is very small, ib. (60). 

No nuisance from chemical precipitation except from 
sludge, 7b. (62). 

Construction and working of septic tanks, ib. (63-85. ) 

Should be worked as long as possible before removing 
sludge, ib. (73-4), 24446-51. 


_ Sludge should be pumped on to land, 24432 (75). 


Nuisance likely to arise from tanks, ib. (85). 

Suspended solids should be removed before filtration, 
ab. (86-9), 24452. 

Contact beds inferior to fine percolating filters, 
24432 (90, 154). 

Construction and working of percolating filters, 7b. 
(121-89), 24636-46. 

Best form of distribution, 24432 (127) 


. Oxidation of ammoniacal and organic matter, ib. 


(140-2). 

Nuisance undoubtedly sometimes arises from perco- 
lating filters, 7b. (144). 

Jomparative cost and advantages of percolating 
filters and contact beds, ib. (145-8). 


_ Not confident of success of storm water filters, 7b. 


(149). 

Practical suggestions for disposing of sludge, ibd. 
(151-2). 

Effect of storm water upon filters, ib. (159). 

Automatic working not essential in large works, 1b. 
(160). 

Practice of Local Government Board in sanctioning 
loans, 7b. (164), 24456-63. 

Suspended, solids in certain streams in Staffordshire, 
p- 580. 

Mean figures before and after subsidence, p. 581. 

Analyses of chemical precipitation tank effluents, p. 
581. 

Results of working of percolating filters and contact 
bed, pp. 582-3. 

Central authority should settle disputes as to trade 
waste, 24433. 


_ Central Board agreed to, but not cutting up the 


country into areas, 24434-8. 
Treatment of sewage in storm times, 24439. 


- Treatment of brewery waste at Lichfield, 24443, 


24613-20. 
Distribution by spraying causes nuisance, 24444, 


_ Contact bed useful for weak sewage, 24454. 


Great nuisance from flies in open-sided filters, 24455. 
Suspended matter in septic tank effluents, 24464-520. 


~ Very little accumulation of sludge, 24468. 


Considerable sedimentation before entering tank, 
24486-8. 

Digestion and liquefaction of solids in filter, 24526-34. 

Very little accumulation in fine filter, 24535-71. 

Increasing rate of flow would clog filter, 24551. 

single contact does not materially help land treat- 
ment, 24572-91, 24647-9. 

Local Government Board insists on excessive area of 
artificial filters, 24592-8. 

Present requirements for filters sufficient without 
land, 24599-610. 

Experiments in deodorising septic tank effluent, 


24621-35. 
- Sludge is a nuisance in chemical precipitation, 
24632-4. 
Experiments in filtration of septic tank effluent, 
27075-164. ; 


RICHMOND AND GORDON, DUKE OF, anp Oruzrs. 


(Analysis of Evidence.) 


Position taken up by Scotch distillers, 19925. 

State of the river Spey, 19925-8, 

Increase of distilleries within ten or twelve years, 
19929. 


_ Effect of refuse on the spawning beds, 19930-3. 


Method of dealing with distillers, 19934—5. 


_ Daluaine case going to the House of Lords, 19936-8. 


Proceedings against distillers, 19940. 
No purification of burnt ale adopted, 19941. 
Effluent not treated at Rothes, 19942-5, 19962. 


. Absolute purification is difficult, 19946. 


Decrease of fish in the upper waters, 19947-53. 
Water perfectly clear when distilleries not working, 
19954-5. 
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RICHMOND AND GORDON, DUKE OF, anv Ot1ERs 


—cont, 


About thirty or thirty-two distilleries on the river, 
19956-8. 

Seven or eight are purifying, 19959-60. 

Majority doing so little that it is no good, 19961. 

No difficulty if arable land available, 19962. 

Land used for purification works useless for agri- 
cultural purposes, 19963-6. 

Excessive use of burnt ale damages the land, 19967. 

Distilleries mostly held on perpetual lease, 1996872, 

Stringent clauses inserted against pollution, 19972. 

Evaporating burnt ale pollutes the air, 19975. 

Land for purification available at reasonable price, 
19976-8. 

Facilities for works granted by landowner, 19979-80. 

Distilleries objected to as a rule, 19981-3. 

Some distillers put refuse in river at night, 19987-8. 

Remarks on Dr. Cowie’s statement, 19990. 

Effluent should be so pure as not to hurt cattle, 
19991-5. 

Distillers would prefer central authority to Court 
of Session, 19996. 

Cases in the Court since 1895, 19997-9. 

Landowners entirely opposed to any new authority, 
20001. 

Increase of distilleries ascribed to quality of Spey 
water, 20002-16. 

Building cannot be controlled on feued land, 20005-11, 
20043. 

Industry does not promote agriculture, 20012-7. 

Draff and burnt ale not of much value as food for 
cattle, 20018-23. 

Slight improvement in the Fiddich of late, 20024. 

Fungus comes and goes with heavy spate, 20026. 

Dr. Cowie’s experiment absolutely failed, 20028-31. 

Bacteria beds got choked, 20032-5. 

No fish able to spawn in the Fiddich now, 20037-9. 

Conditions against pollution not in all feu charters, 
20040-2. 

Considerable sums spent on purification, 20044-7. 

Distillers willing to purify if allowed time, 20048-5], ° 
20063. 

Quite impossible to fish near Daluaine distillery, 
20052-4. 
Signs of improvement these last ten years, 20055-6. 
Results more satisfactory since introduction. of 
continuation filter, 20057. « 
Bacteria beds insufficient without precipitation and 
lime, 20058. 

Landowners cannot pledge themselves to give time 
for further experiments, 20059-66. 

Four years’ delay would bring down all leases falling 
in one half in rent, 20067. 

Samples of river water useless unless distilleries are 
at work, 20068-70. 


RIVERS : 


Most rivers polluted during first rushes of storm water, 
Bolton, 21095, 21209. 

Effect of discharging known effluents, Kershaw, 21506, 
21561-2; Watson, 25042, 25139-64. 

Ought to be rendered free from any nuisance, Wilson, 
23993-6. 

Rivers Board stops pollution of clean streams, ib., 
24002-5. 

Self-purification powers of rivers, ib., 24009-41. 

Self-purification of polluted rivers, Adeney, 25644-5. 

Importance of careful examination of polluted 
tivers, 7b., 25646-7. 

Investigation in the United States, Willcox, 26254. 


RIVERS’ BOARDS : 


Should have rating powers, Watson, 
25395-401. 

Difficulties if endowed with discretionary powers, 
Willcox, 26254-5, 


25239-44, 


RIVERS POLLUTION PREVENTION ACT, 1876: 


Saving clause for sand or gravel, Tatton, 20303-13. 

Matter in suspension not within the Act, Halliwell, 
20491-6. 

Sludging mill dams permitted under Sect. 17, 1b., 
20497-800; Tatton, 20294-309, 20328-30. 
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ROTHERHAM: 


Sewage treatment: sedimentation, single contact 
and land, Kershaw, 21392. 

Population of drainage area 53,000 or 54,000, ib., 
21393. 

Sewers mostly on combined system, ib., 21394. 

Some infiltration of subsoil water, 7b., 21395, 21408. 

Water supply 23-27 gallons per head, b., 21396. 

Quality of the water, ib., 21397. 

Drainage area about 1,000 acres, 7b., 21398. 

Half use water closets, half middens, 7b., 21399. 

Average daily flow 980,000 gallons, 2b., 21400. 

Several fixed sills or weirs in the sewers, ib., 21404. 

Annual rainfall 468,723,750 gallons, ib., 21406. 

Volume of sewage about 365,000,000 gallons per 
annum, 2b., 21407. 

Analysis of samples of trade effluent, 7b., 21409. 

Trade effluents interfere seriously with results, ib., 
21411. 

Suspended matter in sewage, ib., 21412-3. 

Analysis of sewage, etc ,1903-4, ib., 21414, pp. 141-68. 

Strength does not vary much, 7b., 21416. 

Sulphocyanides almost always present, ib., 21418, 
21551-8. 

Suspended matter largely increased in storm, %b., 
21420. 

me section of sewers sunk, with accumulation of 

solids, 7b., 21421. 

Sharacter of liquid in storm times, 7b.,21422, 21506-7. 

Treatment of sewage in storm times, 1b., 21423, 
21503-15. 

Average analysis of the tank liquor, 70., 21431. 

Method of sludging tanks, 7b., 21436. 

VManurial value of sludge, ib., 21438, 21447. 

No chemical poisons in sludge, 1b., 21439. 

Slight smell from tanks, not serious, 7b., 21440. 

Suspended matter in tank liquor, 7b., 21445. 

Necessary to mix lime with sludge, 7b., 21446. 

No nuisance caused by precipitation tanks, %., 
21449, 

Construction and working of contact beds, %b., 
21460-75, 21559-60. 

Analysis of single contact effluents, 
21527*-48. 

Suspended matter in effluent, ib., 21477-8. 

Amount not increased by increase of fillings, 70.,21480. 

Beds not used as streaming filters, ib., 21481. 

No nuisance arises from working, ib., 21484. 

Analysis of effluents from percolating filters, 1b., 
21485, 21516-22._ . 

Purification in beds 50 to 60 per cent., ib., 21487. 

Methods of disposing of sludge, ib., 21490-1. 


1b., 21474, 


RYBURN : 


Very little pollution in the river, Rawson, 20156. 
Some sewage comes into it, ib., 20159. 

No evil arises through dam sludging, ib., 20161. 
Fish killed by the paper works, ib., 20210. 


SALFORD : 


Sewage treatment: precipitation and filtration, Bell, 
23166. 

opulation of drainage area 231,514, #b., 23167. 

Drainage entirely on combined system, 2b., 23168. 

Daily infiltration of subsoil water 1,000,000 to 
3,000,000 gallons, 7b., 23169. 

Water supply about 20 gallons per head, 1b., 23170. 

Water is very soft, ib., 23171. 

Probably half the area is sewered, 7b., 23172. 

15,691 pails or middens, 22,872 water closets, 1b., 
23173, 23274-71. 

Average dry weather flow 8,000,000 gallons, 1b., 
23174, 23379-85. 

Maximum dry weather flow 14,000,000 gallons, 1b., 
23175, 23279-80. 

Minimum dry weather flow 3,000,000 gallons, 2., 
23176. 

Many storm overflows, flow not recorded, 1b., 23178- 
81. 

Volume of sewage about 3.355,081,000 gallons, ib., 
23181, 23407-15. 

No rules enforced for trade effluents, ib., 23184, 
23281-3. 

‘No difficulty with trade effluent, 7b., 23185. : 

suspended matter in sewage, ib., 23186, 23278. ! 
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SALFORD—¢ont. 


Character of suspended solids, 1b., 23187, 23284-8, | 
23307-8. 

Average analysis of sewage, etc., 1903-4, 1b., 23188. 
pp. 435-69. 

Sewage is strong and varies, ¢b., 23189-90. 

Trade effluents are not poisonous, 4b., 23193. 

Sewage practically always alkaline, ib., 23194. 

Suspended solids decrease if rain long continued, 16., 
23195. 

Sewers laid 15 to 100 years ago ; no material sinking, 
ib., 23196. 

Analysis of liquid sewage in dry weather and storm, 
4b.,. 23197. 

Treatment of sewage in storm times, 1b., 23198, 
23293, 23386-8. : 

Shape and size of storm overflows, #b., 23199. 

Method of settlement used, 7b., 23207-11, 23299— 
304. 

Average analyses of tank effluent, 1903-4, 1b., 23207. 

Results showing rate of settlement, 7b., 23208. 

Method of sludging the tank, 7b., 23212. 

Road detritus arrested in silt pits, 7b., 23213. 

Farmers will not take the sludge, ib., 23214, 23305-9. 

Practically no chemical poisons in it, 1b., 23215, 
23310. 

No nuisance from chemical precipitation, 1b., 23216, 
233124, 

Best results from lime followed by salts of iron, 
ib., 23218, 23317-23. 

Chemicals added in solution, 2b., 23219. 

Suspended matter in tank liquor, 7b. 23220. 

Sludge sent out to sea ; cost 9d. a ton, 2b., 23221-7. 
Construction and working of percolating filters, 
ib., 23236-59, 23328-68. 

10 per cent. of suspended matter is organic, iv., 
23250, 23469-74. 

Average analyses of tank and filtered effluents, 7b., 
23254. 

No nuisance; sewage odour in hot weather, 7b., 
23259, 23389-92. 

Roughing filters require cleaning every three months, 
ib., 23324, 23439-46. 

Experiments with 5 ft. and 8 ft. filters, 1b., 2333140. 

Corporation intend treating storm waters by ordinary 
sewage process, 7b., 23420-62. 

Suspended matter in fine filter effluent, 2b., 23463-8. 

Roughing filters are coarse straining filters, 7b., 
23475-9. 


SCUDDER, FRANK, F.1.c., F.c.s. (Analysis of his Evi- 


dence.) 

Chemical analysis as applied to sewage and sewage 
effluents, 25651. 

Oxygen absorbed from an acid solution of per- 
manganate of potash, 7b. (1), 25652-99, 25842-6. 

Determination of free and saline ammonia, 25655 
(2), 25707-9. 

Jointing of samples, 25651 (3). 

Method and apparatus for detecting the presence 
of dissolved oxygen in waters and sewage 
effluents, p. 684. 

Method of purifying water, 25700-6. 

Value of albuminoid ammonia test, 25710-2. 

Dissolved oxygen standard wants modifying, 25713-4. 

Hard and fast standards not advisable, 25715. 

Loose standard to be worked up to desirable, 25717. 

Improvement would be effected by inspectors, 25717— 
20. 

Conservancy Board should not have power to inter- 
fere between manufacturers and local authori- 
ties, 25721-34. 

Such interference should be reserved for the central 
board, 25722. 

Central board’ would be more ‘satisfactory than a 
local conservancy board, 25730. 

Inquiries could proceed similarly to Local Govern- 
ment Board inquiries, 25731-2. 

Parties would invariably appeal to central body, 
25733-4. 

General test for effluents, 25735—45. ary 

Central authority would be of great value, 25736. 

Land suitable for sewage treatment cannot be 
obtained in Lancashire, 25746-50. ; 

Septic tank effluent treated by double contact gives 
satisfactory results, 25752. 
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SCUDDER, FRANK—<on¢. 


Triple or quadruple contact. would give better re- 
sults, 25753. 

* Purification a question of» financial practicability, 
25754-5. 

Syd oe results obtained by arentiousd filtration, 

Percolating filters preferred to contact beds, 25757 - 
66, 25796, 25824. 


~ .Coarse material allows suspended matter to come 


out, 25767, 25785. 


Some form of filtration of effluent:necessary, 25767-9, 


25792-3. 

Rapid sand filtration. preferred, 25767, 25797. 

Suspended matter comes out, however clarified 
sewage may be, 25772-3, 25786-7. » 

Matters in solution become insoluble during filtra- 
tion, 25774-5. 

Percolating filter lasts longer than, contact bed, 
25775-8. 

Filter must not be too fine, 25776-81. 

Slimy growth apt to form in fine: filter, 25782-4. 

Change from solution to suspension gives some 
purification, 25789-91. 

Sludge production cannot be got rid of, 25795. 

Settlement after percolating filtration i is satisfactory, 
25800. 

Good results obtained by shallow tanks, 7b. 

Suspended matter alters physically ; becomes more 
granular, 25801-4. 

Not liable to putrefy to same extent, 25805- 6. 

Would not create a nuisance, 25807-10. © 

Manurial value greater after passing through filter, 

25811-8. 

Experimental sand filter worked admirably, 25819. 

Practicable to rake up soba Magee on surface, 
25820-3. 

Settlement and chemical Prootoitertioi compared, 
25826-30. 

Preferred to septic tank treatment, 25831. 

Land should be provided for peg from percolating 
filters, 25833-5. 

_ All kinds of sewage can be purified by percolating 
filters, 25836. 

Greasy matter destroyed’ by sulphuric acid at Brad- 
ford, 25837-9. 

Treatment is very costly, 25840. 


SEA: 


Decided difference between discharge into open 
sea and tidal river, Letts, 24907-9. 
See also Tidal Waters. 


SEPTIC TANKS : 


Construction and working, Pickles, 20741-67, 20859- 
66, 20890-919; Bolton, 21114-39, 21312-50 ; 
Kershaw, 21450-7, 21549-50 ; Campbell, 21624- 
49, 21725-38, 21803-32; Harrison, 21987-2003, 

- 22045-53; Valentine, 22426-45; 22546-62; 
Wilkinson, 22622-39, 22699-701; Fowler, 
92766-85, 22915, 22948-57, 23085, 23151-2 ; 
Wike, 23535; Wilkinson, 24261-77, 24411; 
Reid, 24432 (63-85) ; Watson, 24976-98, 25048-52, 
25099-107, 25280-325 ; Willcox, 26048-74. 

Sulphuretted hydrogen produced by over-septicising; 
Pickles, 20749. 

Sludge should be removed at fairly long intervals, 
ib., 20750-1. 

Method of removing sludge, ib., 20753, 21008-9; 
Wilkinson, 24269, 24408-21. 

Suspended solids in tank liquor, Pickles, 20755, 20867 ; 
Harrison, 21997-8 ; Kirby, 24205-23 ; Wilkinson, 
24270-3; Watson, 2498990, 25051-2, 25316-26. 

Suspended solids’ ‘during storm, Pickles, 20757,20970-1. 


Sulphuretted hydrogen given off by too slow working, _ 


Bolton, 21122, 21210-1. 

Sludge should be removed before tank half full, #b., 
21124-6, 21351-4. 

Suspended solids in tank, 7b., 21127-30, 21312-39. 

Not more than two volumes of storm water should be 
passed through, 7b., 21129. 

Liquor not more easily treated than precipitated 
sewage, %b., 21132, 

Very offensive smell given off, 7b., 21135, 21212-6, 

Solids should first be removed, 7., 21136. 
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SEPTIC TANKS—ccnt. 


Suspended solids during working, Campbell, 21637-8, 
21804. 


. Storm water should not be passed through, 7b., 21639 - 


41, 21908. 

Best: preparation for the beds, 7b., 21643. 

No nuisance from septic tanks, ib. 21645* ; Valentine, 
22445; Wilkinson, 22639; Wilkinson (J. P.), 
24268, 24407; Watson, 24998, 25305; Willcox, 
26069. 

Average analysis of effluents, Harrison, 21989. 

Analysis showing effect of rates of flow, 7b., 21992. 

Not found possible to over-septicise, 7b., 21993, 22045. 

Amount of digestion in the tanks, 7b.; 21994, 22287-98. 

Sludge should be removed periodically, 7b., 21995; 
Valentine, 22437-8; Fowler, 22776, 23085-8 ; 
Wilkinson, 24268, 24407. 

Effluent not affected by fluctuations with automatic 
gear, Harrison, 21999. 

Not more easily treated than settled sewage, zb., 22000. 

Comparative analysis, 1903-4, 7b., 22000, 22054. 

Very. little nuisance from open tanks, 7b. 22001. 

Probably due to presence of iron, 7b., 22001, 22097-101. 


_ System preferred to chemical precipitation, Valentine, 


22419. 

Qver-septicising produces sulphuretted hydrogen, 
carbonic acid, etc., 7b., 22435. 

Great difficulty in filtering such liquids, 2b. 

Conditions brought about by stagnation in tank, 7b. 

First portion of storm sewage should go through, ib., 
22440-1, 

Septically treated sewage most efficiently dealt with 
on filters, 4b., 22442, 

Effluent gives better results than sedimentation or 
precipitation, Wilkinson, 22614. 

Sludge should be drawn off while working, 1b., 22629. 

Hard to press ; should be dried, 1b., 22630. 

Suspended solids increase towards end of working, ib., 
22631, Wike, 23546. 

First portion of storm water must be treated, Wilkin- 
son, 22632. 

Causes no harm to septic tank, if amount not too 
great, 7b. 

Effluent gives better filtrate than settled or precipi- 

_ tated sewage, 1b., 22636. 

Rather better than iene precipitation, Fowler, 
22757. 

Results of treatment in open tank, 1b., 22775. 

Amount of sludge that can be destroyed, 7b. 

Rate of flow through tank 70. (1.) 

Suspended matter entering tank, 1b. (2.) 

Suspended matter leaving the tank, 7b. (3.) 

Suspended matter remaining in tank, 16. (4), 22916-2 

Calculation of work done by the tank, 7. (4). 

Amount and nature of dissolved matters, ib. (5.) 

Amount of iron entering and leaving the tank, 7b. (6). 

Condition of dissolved iron in effluent, 7b. 

Gas evolved from open septic tank, 7b. (7). 

General observations and conclusions, 7b. (7), 22923. 

Removal and disposal of sludge, ib., 22777, 22965. 

Suspended solids in tank liquor, 7b. 22778—9. 

Reasons against passing whole of storm water through, 
t0., 22780-3. 

No patio ws nuisance except the gas, 1b., 22785. 

Maximum flow in storm times, 7b., 22948-57. 

Rapid septic treatment of storm water useful, 1b.; 

; , 22978-9. , 

Possible to over-septicise sewage, Wike, 23543, 
23637-8 ; Haworth, 23610. 

Tanks worked for long periods without sludging, Wike, 
23544. 

Sludge objectionable and removal offensive, 7b.; 
23545. 

Tanks not suitable for storm water sewage, #b., 23547. 

Treatment compared with settlement, 1b.; 23550, 

. 23639-41. 

Experimental tank gave rise to complaints, ib., 23552, 

Average analysis of tank liquors, Haworth, p. 471. 

Amount of digestion in tanks, 7b., 23611, 23670-5. 

Suspended solids increase after 3 or 4 weeks, ib., 
23612-3, 23738. 

Advantages of weekly removal of sludge, 1b., 23731- 
59. 

Nuisance from smell of septic tank, 1b., 23760-3. 


Storm water should not be put in, ib., 23764-7. 
5H2 
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SEPTIG TANKS—cont. 


a 


Oxidation of sulphuretted hydrogen in tank liquor, 
Kirby, 24097-111. 

Septic method is the most economical, ib., 24125- 
30. 

Nuisance from the tank, 7b., 24144, 24152-60. 

No sludge in tank after 2 years’ working, 7b., 24150, 


24213. 
Nuisance due to over-septicising and trade effluents, 
ib., 24161-78. 


Method of abating the nuisance, 7b., 24179-96. 

Less sludge than with chemical settlement, 7b., 
24229-32. 

One dilution with rain may go through, Wilkinson, 
24272. 

Reasonable fluctuation in level not prejudicial, 7b., 
24275. 

No nuisance except when sludging, 7b., 24277. 

Should be worked as long as possible before removing 
sludge, Reid, 24432 (73-4), 24446-51. 

Sludge should be pumped on to land, 7b. (75). 

Nuisance likely to arise from tanks, 7b. (85). 

Suspended matter in effluents, 7b., 24464-520. 

Very little accumulation of sludge, ib., 24468. 

Experiments in deodorising effluent, b., 24621-35. 

Experiments with septic tanks, Letts, 24654. 

Chemical changes when potassium nitrate is added to 
effluent, 7b., 24654 (a), 24698-712, 24725-38, 
24800-4. 

Causes of decomposition of nitrates, 7b., 24654 (b). 

Changes occurring in nitrified effluent when kept 
at .15°C., ib. (b), 24655-6, 24726-40, 24805- 
13. 

Effects when effluent treated by sprinklers and tank 
and sprinkler effluents treated on a denitrifying 
bed, 7b., 24654 (c). 

Septic treatment important before continuous filtra- 
tion, 7b., 24688, 24839-49. 

Slight nuisance when tank effluent put on filter, 70.; 
24689. 

Analysis of septic tank effluent, Watson, 24956. 

Reason to think it possible to over-septicise, 7b.; 
24984, 

Present methods of sludging , 7b., 24986-8, 25108-15. 

No nuisance attends the operation, 7b., 24988, 25305. 

No good purpose served by passing storm water 
through, 7b., 24991-2, 25116-7. 

May be admitted to a limited extent, tb., 24993. 

Impurities in sewage not materially different from 
those in tank liquor, 7b., 24996. 

No appreciable difference in plain and filled tanks, 
ib., 24997, 25118. 

Sludge should be withdrawn every 3 or 4 months, 
ab., 25309-15. 

Septic treatment of sludges, «b., 25375-83. 

Effluent treated by double contact satisfactory, 
Scudder, 25752. 

Triple or quadruple contact would give better results, 
10., 25753. 

Purification a question of financial practicability, 

' 4b., 25'754-5. 

Settlement and chemical precipitation preferred, 7.; 
25831. 

Results equal to chemical precipitation, Willcox, 
26039. 

Stagnant sewage becomes over-septicised, 1b., 26055. 

Amount of digestion in septic tank, 7b., 26056, 26169- 
76, 26314-8. 

Should be emptied when suspended matter exceeds 
5 to 8 parts per 100,000, 7b., 26057. 

Sludge may be removed by gravitation, 1b., 26059. 

Suspended solids increase towards end of working, 1b., 
26060. 

Amount not appreciably increased after 12 months’ 
working, 7b., 26061. 

Rate should be maintained uniformly, ab., 26062-4. 

Storm sewage increases suspended solids, ib., 26063, 
26178. 

Effluent can be discharged direct on to filter, ib.; 
26073. 

Suspended matter in effluent,yib., 26265-81. 

Experiments at Exeter in 1898, Stoddart, p.'753. 

Sludge clogs filter, 7b., 26992-3, 27033-4. 

Difference in Sompesinod where action ial oder 
b., 26994-9.. 


SEPTIC TANKS—coné. 


Bacterial scum objectionable, ab., 27002-4, 27011-6. 
Secondary products in tank, 7)., 27036. 
Experiments in filtration of effluent, Reid, 27075-164. 


SETTLEMENT : 


See under Precipitation and Septic Tanks. 


SEWAGE: 


Best measure of “strength,” Pickles, 20716, 20820, 


21030-6 ; Bolton, 21081-3; Campbell, 21590 ; 
Valentine, 22397; Wilkinson, 22591; Fowler, 
22735, 22886-901; Bell, 23191; Haworth, 


23600, 23658 ; 
Watson, 24938, 
26009 26148. 

Quantitative determination of “strength” Pickles, 
20815 ; Bolton, 21208; Kershaw, 21501; Camp- 
bell, 21716*; Valentine, 22492; Bell, 23273, 
23376-8 ; Haworth, 23627; Watson, 25044; 
Adeney, 25578. 

Variations in strength due to trade liquids, Camp- 

' — bell, 21589. 


Reid, 24432 (25) Letts, 24673 ; 
25031, 25074-9; Willcox, 


SEWAGE DISPOSAL: 


General statement on sewage disposal, Reid, 24432. 

Importance of scientific control of works, Willcos, 
26141, 26252-4, 

Difficulties if river boards endowed with discretionary 
powers, ib., 26254-5. 


SEWERS : 


Comparative cost and advantages of separate and 
combined systems of sewers, Pickles, 20733, 
21001-7, 21042-4; Campbell, 21603, - 21724; 
Valentine, 22408, 22506; Fowler, 22745; Bell, 
23206, 23296-8 ; Wike, 23516; Wilkinson, 24260, 
24307-17 ; Watson: 24.955 ; Walloon. 26026, 25308. 


SHEFFIELD : 


System of treatment: precipitation and tank followed 
by contact beds, Wike, 23482. 

Population of drainage area 400,000, 7b., 23483. 

Small proportion of storm waters dealt with by 
separate sewers, 1b., 23484 

Infiltration of subsoil water in the older sewers, ib., 
23485, 23498. 

Water supply 21:23 gallons per head, 7b., 23486. 

Water is soft, 7b., 23487. 

Drainage area 23,654 acres: 
ib., 23488. 

39,000 water-closets ; 54,000 privies or pail closets, 
ib., 23489, 23628-30. 

Particulars of average dry weather flow, 7b., 23490, 
23680-5. 

Maximum dry weather flow 19,400,000 gallons, 7b., 
23491. 

Minimum dry weather flow 8,600,000 gallons, 7b., 
23492. 

Maximum wet weather flow. 22,000,000 gallons, 
ib., 23493. 

Eighty storm overflows on the sewers, 7b., 23494. 

Largest number past last overflow 22,000,000 gallons, 
ib., 23495. 

Annual rainfall 6,432,927,906 gallons, 7b., 23496. 

Volume of sewage, 1899 to 1904, 7b., 23497. 

Impossible to say what volume passes overflows, ib.; 
23631-3. 

Quantity and schedule of trade effluents, ib., 23499. 

Regulations for trade effluents under consideration, 
1b., 23500; Haworth, 23654. 

Effluents interfere with purification, Wike, 23501. 

Sewage can scarcely be called strong, ib., 23502. 

Strength varies daily and hourly, 7b., 23503. 

Suspended solids in storm times, 7b., 23505 ; Haworth, 
23604. 

Large proportion of sewers comparatively new, 
Wike, 23506, 23634-5. 

Treatment of sewage in storm time, 7b., 23507, 
23586, 23700-5. 

Drawings of storm overflows, 7b., 23508. 

Road water separately treated, 7b., 23515, 23843-52. 

Experiments in eee and continuous settlement, 
ib., 23517. 

Time necessary to get a good tank liquor, ib., 23518, 
23914. 


9,000 acres sewered 
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SHEFFIELD—cont. 


Settlement tanks used in parallel, 7b., 23519. 

Methods of sludging in use, 7b., 23521. 

Heavy solids removed by catch pits and screens, 7b., 
23522. 

Farmers will not take the sludge, 7b., 23523, 23532. 

No chemical poisons in the sludge, 7b., 23524, 23533. 

No nuisance from settlement tanks, ib., 23525. 

Treatment of lime effluent on contact beds a failure, 

. 4b., 23527, 23636. 

Method of adding lime, 7b., 23529. 

Sewage remains in tank 45 minutes, 7b., 23530, 23706. 

No nuisance from chemical precipitation, ib., 23534. 

Construction and working of septic tanks, 7b., 23535. 

Tank worked for long periods without sludging, 7b., 
23544. 

Suspended solids increase towards end of working, 
7b., 23546. 

Experimental tank gave rise to complaints, ib., 23552. 

Construction and working of contact beds, 7b., 
_23558-70, 23644. 

No poisons in final effluent, 7b., 23575. 

First flush from first bed slightly putrescible, ib., 
23576. 

Cost of contact Leds, 7b., 23579. 

No nuisance from contact beds, 7b., 23580. 

Method of disposing of sludge, ib., 23587, 23645. 

Effect of each kind of trade waste, Haworth, 23596, 
23646-55. 

Suspended matter in the sewage, ib., 23597-8, 23656. 

Average analyses of sewage, ctc., 1903-4, 7b., 23599, 
pp. 485-8 .9. 

Free acids and sulphocyanides present, 7b., 23602, 
23659-60. 

Usually slightly alkaline except during discharge of 
acid waste, 7b., 23603. 

Analyses of road water from gtlies, 7b., 23605. 

Character of liquid sewage in storm times, ib., 23605.* 

Analyses of septic tank liquors, 7b., p. 471. 

Analyses of settled sewage, ib., p. 472. 

Average analyses of settled tank liquors, 7b., 23606. 

Suspended solids in crude sewage, 1b., 23607. 

Average analyses of precipitation tank liquors, 7b., 
23608. 

Character of suspended matter, 7b., 23609, 23661-9. 

Amount of digestion in septic tanks, 7b., 23611, 
23670-5. 

Suspended solids increase after three or four weeks, 
ib., 23612-3, 23738. 

Average analyses of tank liquors treated by single 
contact, ib., 23615. 

Average analyses of single and double contact 
effluents, 7b., 23618. 

Average amount of suspended matter, 7b., 23619. 

Solids chiefly consist of iron hydroxide, 7b., 23620, 
23661-9. 

- First flush of first effluent sometimes putrescible, 1b., 

23621. 


New scheme for sewage disposal, ib., 23696-9, 


23714-914. 
Proposed treatment of storm water, 7b., 23768-819. 
Proposed method of disposing of sludge, ib., 23853-80. 


SLUDGE: 


Necessary to add lime to sludge, Pickles, 207388 ; 
Kershaw, 21446; Valentine, 22423; Revd, 
94432 (59.) 

Manurial value of sludge, Pickles, 20739, 20805, 
20858 ; Bolton, 21112; Kershaw, 21438, 21447; 
Reid, 24432 (60); Watson, 24963, 24973. 

Pressing, the only practical method, Pickles, 20805, 
20920-3. 

Natural drying likely to cause nuisance, ib., 20806. 

Lime added, to keep it porous, Bolton, 21111. 

Should be pressed and burnt or used for manure, 

- ib., 21124-6, 21197-8, 21351-4. 

Methods of disposing of sludge, Kershaw, 21490-1. 

Has no manurial value, Campbell, 21611, 21785-6. 

Best way of disposal, ib., 21636*, 21706, 21787-802, 
21915-36. 

Manurial value low, Harrison, 21984. 

Septic conditions not found in sludge, 2b., 22279-80. 

Farmers pay cost of removal at Oliham, Valentine, 
22415. 


SLUDGE—cont. 


Suggestions for disposing of sludze, 7b., 22484; 
Fowler, 22847-8. 

Farmers use sludge for grass lands, Wilkinson, 22611, 
22619. 

Septic tank sludge hard to press ; should be cried, 
1b., 22630. 

Farmers take a limited quantity, Fowler, 22753. 

Without lime apt to be acid, 7b., 22754. 

2 per cent of lime added, ib., 22762. 

Farmers take it on account of the lime, 7b., 22763, 
22913, 23129. 

Analyses of pressed cake, ib., 22763. 

Chemical rather less offensive than settled, 7b.,22764. 

Removal and disposal of sludge, ib., 22777, 22965 ; 
Wilkinson, 24279-80, 24318-22. 

Gas causes a nuisance, Fowler, 22785. 

Pressing sludge recommended, 7b., 23131. 

Burning causes a lot of dust, 7b., 23132. 

Farmers will not take the sludge, Bell, 23214, 
23305-9 ; Wike, 23523, 23532. 

Sent out to sea: cost 9d. a ton, Bell, 23221-7. 

Where sludge cannot be sent to sea destructors 
should be used, 7b., 23262. 

Proposed method of disposal, Wike, 23587, 23645; 
Haworth, 23853-80. 

No difficulty of disposing of sludge, Kirby, 24228. 

Quite practicable to burn cake, Wilkinson, 24414-22. 

Preferable to put it on land, 7ib., 24423-6. 

Suitable land would take more than 20 tons per 
acre, 1b., 24431. ; 

Should be pumped on to land, Reid, 24432 (75). 

Practical suggestions for disposal, 7b. (151-2), 
Watson, 25034-5. 

Analysis of dry sludge, Watson, 24963. 

Not much use to farmers, 2b., 24963, 24973. 

Not necessary to treat sludge before pumping it on 
to land, 7b., 26972. 

Practicable to burn sludge in destructors, Watson, 
25424; Goodrich, 25491. 

Mixed with twice its weight of house refuse, Watson, 
25425-8; Goodrich, 25493-7. 

Air-dried sludge can be burned, Watson, 25429. 

Cost of pressing 2s. per ton, 7b., 25430. 

No nuisance from burning, 7b., 25431, 25465-7, 
Goodrich, 25503, 25528-32, 25575-. 

Experiments at Bury and Huddersfield, Watson, 
25432-46, 25460-73. 

Cost of works about £12,000, 72b., 25440. 

Upkeep 10d. to Is. 6d. per ton, ib., 25441-54. 

House refuse alone gives better result, ib., 25447. 

Lime would have to be slaked, 7b., 25448-9. 

Pays better to sell sludge if a market for it, 25., 
25455-9, 

Clinker soft and porous—lime in it, 7b., 25468-71. 

Other means of disposal would cost'less, 7b., 25475 -9. 

70 to 90 per cent. of moisture in pressed cake, 7b., 


25480-5. 

Would pay if burnt with colliery pit heap, 7.,. 
25486-7. 

Fuel value of cake small except at Elland, 1ib., 
25488-9. 


Sludge at Elland rich enough to burn alone, Good-. 
rich, 25492. 

Should be drained or pressed, 7b., 25498-500. 

Experiments at Bolton. Elland, Leyton, and Wal- 
thamstow, 7b., 25504 et seq. 

Cost of works and upkeep, 7b., 25508-10, 25515-8,. 

All sludge and refuse burnt, ib., 25511-2, 25519-26. 

Coal dust and sludge burnt at Bolton, 7b., 25513,. 
25545. 

Plant would burn all the sludge, 7b., 25517. 

No nuisance though destructor near houses, 7b.,. 
95528-32, -25575-T. 

One ewt. coal dust used to the ton of sludge, 7b.,. 
255334. 

Heat can be used for drying sludge, ib., 25535-6. 

Process might be made self-supporting, 7b., 25538-42.. 

Cost of carting to destructor serious, 7b., 25542-3, 

No difficulty in getting rid of clinker, 7b., 25546-67 


Clinker suitable for bacteria beds, 7b., 25548-62. 


Not equal to best clinker from refuse alone, 7., 
25566. 

Cost of burning with coal dust 10d. per ton, 7., 
25568-71. 
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SLUDGE—conr. 


Quite practicable where coal dust available, %., 
25572-4. ; 

Tables giving descriptions, details of working and 
cost of sludge destructors at various places, 1b., 
pp. 654-€4. 

Sludge production cannot be got rid of, Scudder, 
25795. 

Manurial value greater after passing through filter, 
ib., 25811-8. 

Land should be provided for sludge, 7b., 25833-5. 

No nuisance when dealt with in filter press, Willcoz, 
26032. 

Has practically no manurial value, 1b., 2C034, 2€044. 

Lime required in treatment, ib., 2€043. 

Practical methods for disposal, ib., 26131-2. 

Useful as manure, Stoddart, p. 754, 

See also Mill Dams. 


SODA HYPOCHLORITE : 


Helps to mature a new contact bed, Kirby, 24103-24. 


Overdose would sterilise the beds, 7b., 24104~-7, 


24112. 
Cost of using hypochlorite, ib., 24112-20, 24147-8, 


SOMERVILLE, A. F. (Analysis of his Evidence.) 


Chairman of Sanitary Committee, Somerset County 
Council, 20211. 

Doulting water polluted with crude sewage from 
villages and droppings on roads, 20213-21. 

Sewage held back by the mill dams, 20222-4, 

Dams are really precipitation tanks, 20225. 

Sludge would be a benefit to neighbouring land, 
20226-9. 

Sludging fills the river with highly polluting sub- 
stance, 20230-4. 

Cattle will not drink the foul water, 20230, 

Sludging lasted nearly two months last year, 20235-6. 

Most expensive to cart off the mud, 20237. 

Control should rest with Rivers Board or County 
Council medical officers, 20240-3. 

Sludging should be done during flood time, 20244-6. 

Law should be altered to prohibit pollution by 
sludging, 20247-50. 

Discrimination should be made between country and 
manufacturing streams, 20251. 

Sludge should be carted away, where possible, ib. 

Rivers Board or some authority should have power 
to remove derelict weirs, 20252-3. 

Sludging when water low objected to, 20255. 

Mud would pay cost of removal, 2025€-7. 


SPEN BECK: 


Analyses of the water, Wilson, p. 535, 
Remarks on the tables, 7b., 24069. 


SPEY: 


Proportion of distillery waste to total water in- 
finitesimal, Cowie, 19742. 

Decrease in fish due to other causes, ib., 19745-8, 
25977-81. 

Difficulties in regard to waste acute, tb., 19751-6. 

State of the river, Richmond, 19925-8. 

Increase of distilleries within ten or twelve years, 
1b., 19929, 19956-8. 

Effect of refuse on spawning beds, ib., 19930-3. 

Decrease of fish in the upper waters, 7b., 19947-53. 

Water perfectly clear when distilleries not working, 
ib., 19954-5. 

Increase of distilleries ascribed to quality of the 
water, ib., 20002-16. 

Quite impossible to fish near Daluaine distillery, 
tb., 20052-4, 

Pollution by distillery refuse, Readman, 26480. 

Statement as to fish not spawning, Fullarton, 26814, 

Reports of the Fishery Board, ib., 26820-4, 

Concealed discharge pipes at Speyside, ib., 26831. 


STAFFORDSHIRE: 


7 , 

Rainfall as affecting the condition of certain streams, 
Reid, 20670-5, 20683-7, table, p. 51. 

Suspended solids in streams, #b., p. 580. 

Mean figures before and after subsidence, ib., p. 581. 


STANDARDS 


Should be fixed for distillery waste, Cowie, 19736, 
19875. 7 

Effluent should not hurt cattle, Richmond, 19991-5. 

Standard of purity should be uniform, Tatton, 20338- 
54, 


Special standard required for drinking water streams, 
ab., 20341-55. 
Standard should not allow putrescible effluent, 7b., 
20350-2. 
Relative pollution could not be considered, 1b., 20353. 
Zone standards not desirable, Halliwell. 20525, 
20557. 

Should be variable to suit circumstances, ib , 20526, 
20594-6. 

Not in favour of fixed standards, 7b., 20527-32. 

Effluent may be not putrescible in itself but may 
cause putrescence in the stream, ib, 20533-42. 

Three parts suspended matter in 100,000 not too 
severe, 7b., 20543. 

Nitrates should be present in effluents, ib., 20543-6. 

Provisional standard not modified according to 
locality, #b., 20558. 

Storm water prevents standard being fixed, %b., 
20595-600. 

Misleading to base standard on one figure, Reid, 
20612-5. 

Desirable to have a standard if possible, 7b., 20616. 

Uniform standard not practicable, ib. a 

Standard should be applicable to zones, ib. 

No sewage effluent satisfactory for drinking, 1., 
20617. 

Standard should be chemical, 7b., 20618. 

Constituents of a good effluent, Pickles, 20806 * ; 
Bolton, 21199; Kershaw, 21492; Campbell, 
21707: ; Harrison, 22043; Valentine, 22484 * ; 


Fouwler,. 22849; Bell, 23264; Wike, 23589; ~ 


Haworth, 23622, 23676-8; Watson, 25036; 
Willcox, 26133. 

Should vary according to circumstances, Pickles, 
20809-10. 

General standard ought to be aimed at, Bolton, 
21203. 

Modified Mersey and Irwell standard, 1b. 

One standard not practicable, Kershaw, 21496-7. 

One standard possible and desirable, Campbell, 
21711-2. 

One standard not possible, Valentine, 22487-8. 

One standard not possible or desirable, Fowler, 
22852-3, 23032-8; Watson, 25040. 

15 parts suspended solids per 100,000 practicable, 
Bell, 23223, 23315-6. 

Mersey and Irwell standard good and desirable, 1b., 
23267-8, 23362-5. 

Single standard very undesirable, Wike, 23592. 

Central authority might discriminate, ib., 23593. 

Note on standards for different streams, Wilson, 
23915. 

Polluted streams no excuse for relaxed standard, 1b., 
23997-4001. 

Difference in standards impracticable, 1b., 24006-8. 

Should vary according to local circumstances, Letts, 
24653, 24695-7. 

Should depend on local conditions, Watson, 25041. 

Standards for sewage effluents, Adeney, p. 674. 

Hard and fast standards not advisable, Scudder, 
25715. 

Loose standard to be worked up to desirable, 2b., 
25717. 

Different standards required,’ Willcox, 26136, 26248-51, 
26306. 


STODDART, F. WALLIS, r.10., ¥.0.8. (Analysis of his 


Evidence.) 


Treatment of sewage before filtration, p. 753. 

Removal of solids without chemicals, 1b. 

Experiments with septic tank at Exeter in 1898, 
ab. ! 

Description of tank section, p. 754. 

Difficulty with sludge and black deposit, 1b. 

Effect of rate of working, 1b, 

Modifications in working, 1. 

Loss of capacity through sludge, 1b 

Sludge pumped out monthly, 7. 

Useful as manure, 1, 
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STODDART, F. WALLIS—coni. 


Description of effluent, 7b. 

Digestion of sludge in tank, p. 755. 

Septic tank sludge clogs filter, 26992-3, 27033-4. 

‘Difference in composition where septic action in- 
complete, 26994-9. 

Products of decomposition in watercourse at Knowle, 
27000. 

Bacterial scum on septic tank objectionable, 27002-4, 
27011-6. 

Opalescence in filtrate of overworked filter, 27005-10. 

Putrefactive change in the deposits, 27017-9. 

Secondary solids avoided by rapid flow, 27020-7. 

Amount of matter discharged from solution into 
suspension, 27028. 

Rapid flow avoids nuisance, 27029-32. 

Secondary products in septic tank, 27036. 

Suspended matter in filtrate, 27037-42. 

May safely go into tidal stream, 27043-5. 

Description of small installations, 27046-70. 

Five hundred to 1,000 gallons a day satisfactorily 
dealt with, 27057-9. 

Method of sampling sludge, 27071. 

Scum boards and walls prevent short cuts in tank, 
27072-4. 


STORM OVERFLOWS : 


All overflows should be regulated, Tatton, 20380-5. 

Should be fixed by Rivers Authority, 1b., 20414. 

Shape and size, Pickles, 20724-7; Bolton, 21091-4 ; 
Campbell, 21598-9 ; Bell, 23199; Letts, 24675 ; 
Watson, 24946; Willcox, 26017. 

Size and nature of stream should be considered 
in fixing overflow, Pickles, 20728, 20990-7 ; 
Wilkinson, 22602; Fowler, 22743; Wike, 
23512; Wilkinson, 24257; Letts, 24676; Wat- 
son, 24950; Willcox, 26021. 

Overflows might operate sooner in hilly districts, 
Kershaw, 21424. 

Should be fixed, not movable, ib., 21425; Campbell, 
21600-2, 21905-6; Bell, 23201; Wilkinson, 
24256. 

Description of overflow, with plan, Wilkinson, 
22578, 22598. 

Overflows should depend on configuration of land, 
1b., 22600. 

Should be movable, 7b., 22601, 22702-5,. 

Stan lard overflow not possible, Bell, 23200, 23295 ; 
Wilkinson, 24254-5, 24341. 

Should not depend on configuration of land, 7b., 
23200.* 

Drawings of storm overflows, Wike, 23508. 

Standard form not practicable, 7b., 23509. 

Configuraion of the land important, 7b., 23510. 

Weir should be fixed, but easily regulated, 7b., 23511. 

Circumstances determining operation of overflow, 
Wilkinson, 24257. 

Standard overflow possible; present form unsatis- 
factory, Watson, 24947. 

Not necessary to allow for configuration of ground, 
4b., 24948. 

Overflows should be adjustable, 7b., 24949. 

Standard overflow not desirable, Willcox, 26018, 
26160-3. 

Not practicable to make overflow depend on con- 
figuration of surface, 7b., 26019, 26163-7. 

Overflows should be capable of adjustment, 70., 
26020, 26168. 

Should not operate under three dilutions of sewage 
by storm water, 1b., 26021, 26147, 26295-300. 


STORM WATER: 


Three or four volumes generally treated, Tatton, 
20356-61. 

Storm overflows do harm in summer, ib., 20362. 

Six volumes and beyond are polluting, 7b., 20365-6. 

First washings are the most objectionable, 7b., 20367. 

Raising sill regulates overflow, 7b., 20368. 

Dry weather flow calculated on maximum, 1b., 20370-4. 

All overflows should be regulated, 7b., 20380-5. 

Compulsory action taken by Rivers’ Board, 1b., 20386. 

Number of dilutions treated should be fixed, 1b., 
20387-92. 

Authorities should treat more than six volumes, 7b., 
20393-406, 20415-9. 


STORM WATER—cont. 


Must be guided by financial considerations, 7b., 20397- 
400. 

Provisional requirement of six volumes is fair, 76., 
20401, 20421. 

Manchester is proposing to deal with six volumes, 7b., 
20406, 20432-7. 

Suspended matter should be removed,’ 7b., 20407-8. 
20446-54. 

High sill entails carrying more to outfall works, 7b., 
20409-13. 

Overflows should be fixed by rivers’ authority, 7., 
20414. 

Storm water causes serious trouble in summer, 20., 
20419. 

Sewers mostly not large enough to carry six to twelve 
volumes, 2b., 20420. 

Additional sewers would be required, ib., 20423-6. 

Practicable to treat six volumes in most places, 7b., 
20428-45. 

Filter at overflow would soon be choked, 7b., 20455-8. 

Volume to be treated depends on strength of sewage, 
ib., 20459-62. 

Standard could only be provisional, 7b., 20463-5. 

Calculations based on twenty-four hours’ maximum 
flow, 7b., 20466-73. 

Whole waters at beginning should be treated, Halli- 
well, 20559-62, 20587. 

Amount limited by size of sewers, 7b., 20564. 

Early dilutions much worse than dry weather flow, 
20565-8. 

Main things is to settle suspended matter, 7b., 21569-76. 

No fixed rule can be made as to volume, 2b., 20577-8. 

Provisional rule does not meet the case, 7b., 20579. 

More latitude should be shown, 7b., 20580. 

Possible to deal with more than six volumes, 70., 
20582-4. 

Some sewers not capable of taking six volumes, 7b., 
20587-93. 

Actually done by certain authorities, 1b., 20588-93. 

Storm water prevents standard being fixed, 7b., 20595- 
600. 

Difficult to consider scheme without standard, 7b., 
20596. 

Nature of storm water basis of decision, 7b., 20597-600. 

Requirements of Local Government Board not ex- 
cessive, Reid, 20647, 20656-65. 

Storage tanks for first flush desirable, 7b., 20647-8, 
20655. 

Foul matters probably mostly in suspension, 70., 
20649-52. 

Several authorities treating six volumes, 7b., 20663-7. 

Average cost £1 to 25s. per head, 7b., 20669. 

Rainfall as affecting condition of streams, 7b., 20670-5, 
20683-7 ; table, p. 

Great deal of untreated sewage passes overflow, 7b., . 
20674. 

Very desirable to treat as much as possible, 7b., 20675. 

Suspended matter insewage in storm times, Pickles, . 
20720, 20821-6; Bolton, 21087; Kershaw, 
21240; Campbell, 21594; Harrison, 21970, . 
22949-55; Valentine, 22401; Wilkinson, 22595 ; . 
Fowler, 22739; Bell, 23195; Wrtke, 23505; 
Haworth, 23604; Reid, 24432 (29); Watson, 
24942; Willcox, 26013. 

Character of liquid portion of sewage in storm times, 
Pickles, 20722 ; Bolton, 21089, 21289; Kershaw, 
21422, 21506-7; Campbell, 21596, 21719-20; 
Harrison, 21971; Valentine, 22403, 22500-3, 
22538-45 ; Fowler, 22740; Bell, 23197 ; Haworth 
23605*; Reid, 24432 (31); Watson, 24944 ; 
Willcox, 26015. 

Treatment of sewage in storm times, Pickles, 20723, 
20827-35, 20980-9, 21037; Bolton, 21090; 
Kershaw, 21423, 21503-15; Campbell, 21597, 
21721-3, 21780-4; Harrison, 21972, 22080-95, 
22107-13,22181—4, 22215-22; Valentine, 22404-7, 
22493, 22504; Wilkinson, 22597; Fowler, 
22741, 22904, 22941, 23071-84; Bell, 23198, 
23293, 23386-8 ; Wike, 23507, 23586, 23700-5 ; 
Kirby, 2413142; Wilkinson, 24252, 24306, 
24335-40, 24371406; Reid, 24439; Watson, 
24945, 25080-91, 25187-279; Willcox, 26016, 
26148-59. 
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STORM WATER—< nf. 


Regulations of Lozai Government Board might be 
modified, Pickles, 20723, 20827-35, 20980-9, 
21037 ; Campbell, 21597. 

Surface water partly discharged into stream, Pickles, 
20729, 21039-41. 

Analysis of road water during early period of 
storm, 7b., 20730-1; Valentine, 22403; Bell, 
23197. 

First portions of storm water should be purified, 
Pickles, 20732: Wilkinson, 22632; Fowler, 
22745; Wilkinson, 24259; Watson, 24954. 

suspended solids in septic tank liquor during storm, 
Pickles, 20757, 20970-1. 

Very detrimental to use contact bed as streaming 
filter, ib., 20794, 21045-7. 

Storm beds filled three times a week, 7b., 20803-4. 

Average analysis after first rushes of storm, Bolton, 
21090. 

I'wo volumes should go through ordinary tanks and 
two to six through special settling tanks, ib., 
21090, 21250-66. 

Most rivers polluted during first rushes, 7b., 21095, 
21209. 

Analysis of road water, 7b., 21096; Haworth, 236(5. 

Road water should be roughly treated, Bolton, 21098. 

Not more than two volumes should go through 
septic tank, 7b., 21129. 

No advantage in using contact bed as streaming 
filter, 7b., 21164. 

Action of storm water filters, 7b., 21195-6. 

Storm water hurtful to beds and filters, ib., 21204. 

Trouble would be obviated by settlement, 7b. 

Overflows might operate sooner in hilly districts, 
Kershaw, 21424. 

Should be fixed, not movable, ib., 21425. 

Dilutions might depend on size of stream, 7b., 21426. 

Road water should be purified, ib., 21429. 

Storm water filters practically only strainers, %b., 
21489. 

Requirements of Local Government Board work 
satisfactorily, Campbell, 21597, 21721-3, 21780-4. 

Suggested modification, ib., 21597. 

Overflows should be fixed, 7b., 21600-2, 21905-6. 

Storm water should not be passed through septic 
tanks, 21639-41, 219038. 

First flush should not be allowed on contact beds, 
1b., 21663, 21909-10. 

Coarse beds may be used as streaming filters, 2b., 
21673. 

Filters lose efficiency by intermittent use, ¢b., 21706. 

After first flush water can be treated on either contact 
or percolating beds, 7b., 21713. 

Average analysis of storm filtrate, Harrison, 21972. 

Settlement of storm water essential, ib., 22258. 

Percolating filters most convenient for further 
treatment, 7b., 22259. 

Experiments with streaming filters unsuccessful, 
b., 22265-6. 

Analysis of storm water during storm, Valentine, 
22403. 

Not favourably inclined towards Local Government 
Board rules, 7b., 22404. 

First portion should go through septic tanks, 
22440-1. 

Well settled effluent may be streamed through 
secondary beds, 7b., 22460. 

Suspended solids greater in storm times, 1b., 22472. 

Beds may be used as streaming filters, 7b., 22473, 
Wilkinson, 22662 ; Fowler, 22813; Wike, 23578. 

Storm filters should not be worked intermittently, 
Valentine, 22482-3. 

Filters get washed out during storm, 1b., 22506-7. 

Overflows should depend on configuration of land, 
Wilkinson, 22600. 

Should be movable, ib., 22601, 22702-5. 

Small amount causes no harm to septic tank, ab., 
22632. 

Suspended matter clogs gills of fish and blocks up 
waterworks filters, Fowler, 22743, 22942-5, 
Reasons against passing whole of stoym water through 

septic tank, 7b., 22780-3. 

Clay passes through filters in early stage, ib., 22812. 

Short contacts better than streaming filters, ib. 
22813. 

Storm water filters ; summary of reports, 7b., 22845-6. 


STORM WATER—ont. 


Effect of storm water upon filters, 7)., 22854. 

Maximum flow through septic tank, ¢b., 22948-57. 

Quiescent settlement of storm water, ib., 22958-64. 

Rapid treatment in small septic tank useful, ib, 
22978-9. 

Working of the streaming beds, ib., 23005-12. 

Solids decrease if rain long continued, Bell, 23195. 

Standard overflow not possible, 7b., 23200, 23295. 

Should not depend on configuration of the land, ib., 
2 200*. 

Overflows should be fixed. 7., 23201. 

Dilutions should depend on circumstances, ib., 252C2. 

Road water should be purified, 7b., 23205. 

Roughing filters require cleaning in three to six 
months, 7b., 23324, 2343941. 

Salford Corporation intend treating storm water 
by ordinary sewage process, 7b., 23420-62 5 
Haworth, 23768-819. 

Six dilutions will not injure precipitation tanks, 
Bell, 23428-37. 

Roughing tanks remove 50 per cent. of suspended 
matter, 7b., 23447-50. 

Necessary because of fine material in filters, ¢b., 
23451-4. 

Filters would be worked longer, ib., 23455-9. 

Precipitation and roughing filters should suffice,7b., 
23461. 

Considerable portion would pass through, 7b., 23462. 

Roughing filters are coarse straining filters, ib., 
23475-9. 

Drawings of storm overflows, Wike, 23508. 

Standard form not practicable, 7b., 23509. 

Configuration of the land important, ib., 23510. 

Weir should be fixed but easily regulated, 7b., 23511. 

Road water separately treated, 2b., 23513, 23843-52. 

Should in certain circumstances be purified, 7b., 
23515. 

Septic tanks not suitable for storm water, 7b., 23547, 
Haworth, 23'764-7. 

Standard overflow not possible, Wilkinson, 24254-5, 
24341. 

Should be fixed as a rule, 7b., 24256. 

Circumstances determining operation, ib., 24257. 

One dilution may go through septic tank, tb., 24272. 

Road drainage should be subjected to partial sub- 
sidence, Reid, 24432 (41). 

Not confident of success of storm filters, 7b. (149). 

Effect of storm water upon filters, <b. (159). 

Standard. overflow possible: present form unsatis- 
factory, Watson, 24947. aed 

Not necessary to allow for configuration of ground, ib., 
24948. 

Overflows should be adjustable, 7b., 24949. 

No good purpose served by passing storm water 
through septic tanks, 7b., 24991-2, 25116-7. 

May be admitted to a limited extent, 7b., 24993. 

Experience of storm water filters, 7b., 25032-3. 

Standard overflow not desirable, Willcox, 26018, 
26160-3. 

Mot practicable to make overflow depend on con- 
figuration of surface, 7b., 26019, 26163-7. 

Overflows should be capable of adjustment, 7b., 
26020, 26168. 

Dilutions may depend on size and nature of stream, 
ab., 26021. 

Should not operate under three volumes, ib., 26021, 
26147, 26295-300. 

Surface water from paved spaces should be purified, 
ib., 26025. 

Contact beds used as streaming filters, 7b., 26100. 

Working of storm water filters, 7b., 26130, 26241-8. 

Treatment of large volumes detrimental to filters, 7b., 
26137. 

Difficulty in complying with Local Government Board 
requirements, 7b., 26148-59. 

First washings of road water might be treated, 7b., 
26308. 


STORM WATER FILTERS : 


Storm beds at Burnley filled three times a week, 
Pickles, 20803-4. 3 
Action of storm water filters, Bolton, 21195-0. 
Practically only strainers, Kershaw, 21489. : 
Lose efficiency by intermittent use, Campbell, 21706. 
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STORM WATER FILTERS—cont. 


Shoald not be worked intermitiently, Valentine, 
22482-3. 

Summary of Reports, Fowler, 22845-6. 

Not confident of success of storm water filters, 
Reid, 24432 (149.) 

Experience of storm water filters, Watson, 25032-3, 

Working of storm water filters, Willcox, 26130, 
_ 26241-8. 


SULPHURETTED HYDROGEN: 


See under Septic Tanks. , 


TAME: 


Analyses of water of the river, Wilson, p. 539. 


TATLOCK, ROBERT RATTRAY, TER. 9.1.5 Bel O" 80,8. 


(Analysis of his Evidence.) 


Treatment of spent wash and pot ale, p. 725. 

Failure of early experiments, p. 726. 

Discharge warm and fresh into middle of stream, ib. 

Growth of putrid green matter, ib. 

Unsuitability as cattle food, 7b. 

Not marketable as manure becuse of viscidity, 7b. 

rrocess at Tamdhu distillery, a. p. 727. 

Successful production of a friable manure, 1b. 

Pot and patent still pot ale, 1b. 

Polluting qualities of pot ale, barley steep, washings, 
and spent lees, 7b. 

Analysis of these waste liquids, ib. 

Uniform discharge of barley steep, washings, and 
spent lees unobjectionable, p. 728, 26668-72, 
26683. 

Composition of pot ale at Tamdhu distillery p. 728. 

Composition of pot ale manure, 7b. 

Value £5 5s. 5d. per ton, p. 729. 

Cost of converting pot ale into manure, ib. 

Application of pot ale to land, 26639-43. 

Torrefaction process at Tamdhu, 26644-57, 26663-6. 

Filtration has proved quite ineffective, 26658-9. 

Precipitation with lime, 26661. 


Treatment by precipitation and contact beds, 26673-9. 


Growth of pot ale fungus, 26684-90. 

Market value of torrefied product, 26691-5, 26709-10, 
26714-9. 

Possibility of recovering ammonia, 26696-9. 

Acetic acid in distillate, 26700-2. 

Pot ale as a medium for yeast cultivation, 26703-8. 

Water withdrawn from small stream might be a 
disadvantage, 26711-3. 

Treatment by addition of sulphuric acid, 26720-1. 

Analysis of distillate at Tamdhu, 26722. 

Oxygen absorbed by distillate, 26722-33. 


TATTON, R. A. (Analysis of his Evidence.) 


Serious pollution caused by dam sludging, 20264. 

Sufficient to smother fish from unpolluted stream, 
20265-70. 

Accumulation of decaying vegetable matter a nuis- 
ance, 20272-4. 

Hardship on manufacturers below, 20274. 

Dam acts as settling sewage tank, 20276-7. 

Solid matter should be removed on to land, 20278-80, 
20318. 

Deposit causes trouble to riparian owners, 20281-2, 

Sluices should be opened in time of flood, 20283-5. 

Law should be altered to compel owner to remove 
deposit on to land, 20286-7. 

Sewage treatment in dams objected to, 20288-91. 

Local authori:ies should not pay towards expense of 
clearing dams, 2./292-3. 

Put‘ing sludge into stream an offence under Mersey 
and Irwell Act, 20294-300. 

Not provided against in Rivers Pollution Act, 1876, 
ib., 20328-30. 

Saving clause in Act for sand or gravel, 20303- 13. 

Convictions have been obtained in all cases, 20305-14, 

Powers insufficient under general law, 20315-6. 

Practical difficulty a matter of cost, 20319. 

Manufacturers do not send down the water as 
received, 20320-1. 

Suspended matter is accumulated in dam, 2b. 

Dams fairly watertight as a rule, 20324. 

Sludging preferred to removal of deposit, 20325-7, 

Expense of removal not prohibitive, 20332, 
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TATTON, R. A.—coné, 


Discharge difficult to regulate; should te prevented, 
20333-7. 

Standard of purity should be uniform, 20338-54. 

Special standard required for drinking-water streams. 
20341-55. 

Standard should not allow putrescible effluent, 
20350-2. 

Relative pollution could not be considered, 20353. 


‘Three or four volumes of storm water generally 


treated, 20356-61. 

Storm overflows do harm in summer, 20362. 

Six volumes and beyond are polluting, 20365-€. 

First washings are the most objectionable, 20347. 

Raising sill regulates overflow, 20368, 

Dry weather flow calculated on maximum, 20370- 4. 

All overflows should be regulated, 20380-5. 

Compulsory action taken by Rivers Board, 20386. 

Number of dilutions treated should be fixed, 20387- 
92. 

Authorities should treat more than six volumes, 
20393-406, 20415-9. 

Must be guided by financial considerations, 20397- 
400. 

Provisional requirement of six volumes is fair, 20401, 
20421, 

Manchester is proposing to deal with six volumes, 

_ 20406, 20423-7. 

Suspended matter should be removed, 20407-8, 
20446-54. 

High sill entails carrying more to outfall works, 
20409-13. 

Overflows should be fixed by rivers’ authority, 20414. 

Storm water causes serious trouble in summer, 20419. 

Sewers mostly not large enough to carry six to twelve 
volumes, 20420. 

Additional sewers would be required, 20423-6. 

Practicable to treat six volumes in most places, 
20427-45. 

Filter at overflow would soon be choked, 20455-8. 

Volume to be treated depends on strength of dry 
weather sewage, 20459-62. 

Standard could only be provisional, 20463-5. 

Calculations based on twenty-four hours’: maximum 
flow, 20466-73. 


TEMPERATURE : 


Effect on percolating filters, Harrison, 22(39. 

Changes in nitrificd effluent at 15°C., Letts, 24€55-6, 
24726-40, 24805-13. 

Purification less in cold weather, Watson, ©5925. 

Atmospheric temperature does not affect working of 
percolating fiter, Willcox, 26123, 262225. 


TESTS : 


Measure of dissolved oxygen taken up a valuable 
test, Halliwell, 20543-56. 

Best tests for sewage effluents, Reid, 20603. 

Opacity test not of great value but useful, 7b, 
20604-5. 

Oxygen obsorbed and albuminoid ammonia generally 
relied on, 7b., 20607. 

Incubator not suitable for good effluent, ib., 20637. 

Organic ammonia best single test, 7b., 20676. 

Best measure of strength of sewage, Pickles, 20716, 
20520, 21030-6; Bolton, 21081-3; Campbell, 
21590; Valentin, 22397; Wilkinson, 22591 ; 
Fowler, 22735, 22886-901; Bell, 23191; Ha- 
worth, 23600, 23658; Reid, 24432 (25); Letts, 
24673 ; Watson, 24938, 25031, 25074-9 ; Willcox, 
26009, 26148. 

Tests of quality relied on, Pickles, 20807* ; Bolton, 
21201-2; Kershaw, 21494-5 ; Campbell, 21709- 
10; Fowler, 22851, 23031; Bell, 23265, 23289- 
92; Haworth, 23624-5 ; Watson, 25038 ; Willcox, 
26135. 

Value of the different chemical tests, Pickles, 20814, 
21053-6 ; Bolton, 21207; Campbell, 21716 
Harrison, 22044, 22179-80; Valentine, 22491,; 
Fowler, 22857 ; Haworth, 2362 6, 23679 ; Watson, 
25043; Willcox, 26140. 

Quantitative determination of strength Pickles, 
20815 ; Bolton, 21208 ; Kershaw, 21501 ; Camp- 
bell, 21716*; Valentine, 22492, Bell, 23273; 
23376-8 ; Haworth, 23627; Watson, 25044, 
Adeney, 25578. 
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TESTS—c 2nt. 


Albuminoid ammonia and oxygen absorbed best 
tests, Bolton, 21081-3. 

Reliable test of strength of liquor, Campbell, 21704. 

Aeration compared with permanganate test, Valentine, 
22486, 22524*-31. 

Strength best measured by oxygen test, Bell, 23191. 

Aeration test very good, 7b., 23266. 

Absorbed oxygen and albuminoid ammonia quite 
sufficient, 7b., 23272. 

These tests run parallel, 7b., 23369-75. 

Putrescibility the most important, Wike, 23591. 

Volumetric method for estimating dissolved oxygen, 
Letts, pp. 612-8. 

Aeration test excellent, but not sufficiently rapid, 
Watson, 25039, 25133-8. 

Adoption of aeration method a necessity, Adeney, 
D2 Ore. 

Experiments in re-aeration of de-aerated sea water, 
ab., p. 674. 

No comparison between permanganate and dissolved 
oxygen absorption, 7b., 25579-83. 

Albuminoid ammonia simply another means of 
applying permanganate test, 7b., 25584-5. 

Practical way to carry out aeration test, 7b.; 25625. 

Test can undoubtedly be relied on, 7b., 25626-4383. 

Not suitable for common use in laboratory, 4b., 
25635. 

Chemical analysis as applied to sewage and sewage 
effluents, Scudder, 25651. 

Oxygen absorbed test, 7b., 25651 (1), 25652-99, 
25842-6. 

Determination of free and saline ammonia, 7b., 
25651 (2), 25707-9. 

Jointing of samples, 7b., 25651 (3). 

Method and apparatus for detecting presence of 
dissolved oxygen, 7b., p. 684. 

‘Value of albuminoid ammonia test, 7b., 25710-2. 

Dissolved oxygen standard wants modifying, ib. 
25713-4. 

General test for effluents, 2b., 25735-45. 

Definition of strength of liquor, Wil!cox, 26129, 26241 


’ 


“TIDAL WATERS : 


Decided difference between discharge into open sea 
and tidal river, Letts, 24907-9. 
Proposed report on estuary pollution, 7b., 24910-2. 


TRADE EFFLUENTS: 


Law should prevent surreptitious emptying of tanks, 
‘Halliwell, p. 42. 

Samples taken at purification plant, ib., pp. 43-6, 

Analysis of effluents at Burnley, Pickles, 20708. 

Corporation regulates discharge, 2b., 20709, 20879-87. 

Trouble caused by dyer’s effluent, 2b., 20710. 

Free access to sewers at Heywood, Bolton, 21075. 

Do not materially interfere with treatment, 7b., 21077. 

Analyses of samples at Rotherham, Kershaw, 21409. 

Interfere seriously with results, 7b., 21411. 

Nature of effluents at Huddersfield, Campbell, 21582. 
Rules for reception of effluents, 2b., 21583. 
Render purification more difficult, 7b., 21584. 

Variation in sewage due to effluents, 7b., 21589. 

Sometimes acid due to rushes of acid liquor, 4.; 
21593, 21912-3. 

Percentage of effluents at Leeds, Harrison, 21961. 

Rules for reception of effluents, 7b., 21962. 

No difficulty in treating the mixed sewage, 1b., 
21962*,22244-8, 

Volume small at Oldham, Valentine, 22392. 

Practically no trade effluent, Wilkinson, 22583. 

Insufficient to affect purification, 7b., 22585. 

Character and quantity of effluents at Manchester, 
Fowler, 22727, 22859-75, 23139-45 ; Wilkinson, 
24250. 

Typical samples of various effluents, Fowler, 22727. 

Regulations for admission to sewers, ib., 22728, 


22876-8. 

Effluents interfere with purification, 7b.; 22729, 
22879-85. ) 
Laws for admission should bé clearly defined, %., 

22858 (b). 


Tron in solution from galvanising works, 7b.,22859-75. 
No rules enforced at Salford, Bell, 23184, 23281-3. 
No difficulty with trade effluents, 7b., 23185. 


TRADE EFFLUENTS—cont, 


Trade effluents are not poisonous, 76., 23193. 

Quantity and schedule of effluents at Sheffield, Wike, 
23499. 

Regulations under consideration, i)., 23500; Ha- 
worth, 23654. 

Interfere with purification both by quality and 
fluctuation, Wike, 23501. 

Effect of each kind of trade waste, Haworth, 23596, 
23646-55. 
Sewage acid during discharge of iron pickle, %b., 

23603. 


, Equable flow desirable and necessary, 7b., 23655. 


Nuisance due to trade effluents, Kirby, 24161-78. 

Difficulties arising from trade waste, Reid, 24432 (19) 
24611-20. 

Central authority would settle disputes, 7b., 24433. 

Treatment of brewevy waste at Lichfield, 7b., 24443, 
24613-20. 

Potale the only important effluent at Belfast, Letts, 
24668. ; 

Causes serious nuisance, 1b. 

No rules for reception of effluents except as to 
temperatures, 7b., 24669. 

Volume and nature of effluents at Birmingham, 
Watson, 24930. 

Rules for reception of effluents, 7b., 24931, 25063-8. 

Serious trouble caused by sudden discharges, 7b., 
24932. 

No disputes regarding trade effluents, 2b., 25045-6. 

Greasy matter destroyed by sulphuric acid, Scudder, 
25837-9. 

Treatment is very costly, 7b., 25840. 

Clay in ‘‘slip’’ increases sludge, Willcox, 26003, 

‘* Slip ’? appears to aid sedimentation, 7b., 26257-64. 

See also Distillery Waste. 


ULVA LATISSIMA: 


Difficulties at Belfast, Letés, 24650. 

Other localities where found, ib., 24651-2, 24880-2. 

Character of the nuisance, 7b., 24690-4. 

Scheme of using the ulva for purification, 7b., 24757- 
80, 24850-60. 

Use of sulphate of copper to check growth, 2b., 
24793-8. 

Carting away is very expensive, 1b., 24871-4. 

Has aneliorated but not cured the nuisance, 7.,. 
24875. 

Nuisance at Dublin due to sewage rather than wza, 
ab., 24883-6. 


VALENTINE, A. H., m.sc. (Analysis of his Evidence.) 


Chemist to the Oldham Corporation, 22382. 


‘Oldham sewage treated by sedimentation and single 


contact, 22383. 

Average dry weather flow ; winter, 3,352, 230 gallons ; 
summer. 2,265,900, 22384. 

Maximum dry weather rate of flow 6,700,000 gallons, 
22385. 

Minimum dry weather rate of flow 750,000 gallons, 
22386. — 

Maximum wet weather flow at rate of 36,000,000 
gallons, 22387. 


Largest amount past last overflow between 24,000,000 


and 25,000,000 gallons, 22388. 
Annual rainfall about 5,300,000,000 gallons, 22389. 
Volume of sewage in 1903, 2,062,406,000; in 1904, 

1,682,954,000 gallons, 22390. 

Infiltration varies with the weather, 22391. 
Only a small volume of trade waste, 22392. 
Black matter from mill reservoirs most objectionable, 

ib., 22496-9. 

Average amount of suspended matter, 22393. 
Average analysis of sewage, etc., 1903-4, 22395, 

pp. 327-50. 

Sewage might be classed as weak, 22396, 22532-7. 
Best measure of strength, 22397. 

Sewage and tank effluent both alkaline, 22400. 
Suspended solids in times of storm, 22401. 

Sewers have sunk, allowing solids to accumulate, 

22402, 

Character of liquid sewage in dry weather and 

storm, 22403, 22500-3, 22538-45. 

Analysis of storm water during storm, 22403. 


VALENTINE, A. H.—cont. 


Not favourably inclined towards Local Government 
Board rules, 22404. 

Treatment of sewage in storm times, 22404-7, 
22493, 22504. 

Cost and advantages of separate and combined 
systems, 22408, 22506. 

Rate of flow through settlement tanks, 22409, 

Average analysis of tank liquor, 7. 

Combined system of tanks advantageous, 22411, 
22558. 

Character of sludge varies with the season, 22413. 

Heavy suspended matter should be removed, 22414. 

Farmers take the sludge and pay cost of removal, 
22415. 

No chemical poisons in the sludge, 22416. 

No nuisance from settlement tanks, 22417, 22512. 

Chemical precipitation more effective than settle- 
ment, 22419, 22513-7. 

Septic system preferred to chemical precipitation, 
22419, 

Value of different precipitants, 22420. 

Character of suspended matter, 22422, 22518-22. 

Lime added to sludge, 22423. 

No nuisance from chemical precipitation tanks, 
22425. ee 

Construction and working of septic tanks, 22426-45, 
22546-62. 

Over-septicising produces sulphuretied hydrogen, 
carbonic acid, etc., 22435. 

Great difficulty in filtering such liquids, 7. 

Conditions brought about by stagnation in tank, 7b. 

Sludge should be removed periodically, 22437-8. 

First portion of storm sewage should go through 
tanks, 22440-1. 

Septically treated sewage most efficiently dealt with 
on filters, 22442. 

No nuisance from septic tanks, 22445. 

Suspended solids should be removed before filtration, 
22446-8. 

Construction and working of contact beds, 22449-77, 
22494, 

Well settled storm tank efffuent may be streamed 
through secondary bed, 22460. 

Rate and causes of loss of capacity, 22462-5. 

Average analysis of single contact effluent, 22466. 

Suspended matter in primary effluent, 22469-70. 

First flush of effluent generally putrescible, 22471. 

Suspended. solids greater in storm times, 22472. 

Beds may be used as streaming filters, 22473. 

Analysis of gases from bacteria beds, 22475. 

No nuisance from contact beds, 22477. 

Comparative cost and advantages of percolating 
filters and contact beds, 22479-81. 

Storm filters should not be worked intermittently, 
22482-3. 

Suggestions for disposing of sludge, 22484. 

Constituents of a good effluent, 22484*. 

Aeration compared with permanganate test, 22486, 
22524*-31. 

One standard for all effluents not possible, 22487-8. 

Automatic systems not considered reliable, 22489. 

Value of the different chemical tests, 22491. 

Quantitative determination of strength, 22492. 

Filters get washed out during storm, 22506-7. 

. Tanks cleared every 6 weeks to 3 months, 22508-11. 


WALTHAMSTOW : 
ixperiments in sludge burning, Goodrich, 25504 
eb seq. 


WATER SUPPLY: 
Should be beyond reach of pollution, Fowler, 22858 
(d). 


WATSON, GEORGE, M.INST.MECH.H., A.M.INST.C.E. 
(Analysis of his Evidence.) 


Managing director, Horsfall Destructor Co., 25423. 
Practicable to burn sludge in destructors, 25424. 
Necessary to mix it with twice its weight of town 
; refuse, 25425-8. 

Air-dried sludge can be burned, 25429. 

Cost of pressing 2s. per ton, 25430. 

No nuisance from burning sludge and house refuse, 

25431, 25465-7. 
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WATSON, GEORGE—cont. Pen | gar rns 


Experiments at Bury and Huddersfield, 25432-46, 
25460-73. 

Cost of works about £12,000, 25440. 

Cost of upkeep 10d. to 1s. 6d. per ton, 25441-54. 

House refuse alone gives better result, 25447. 

Lime would have to be slaked, 25448-9. 

Pays better to sell sludge if a market for it, 25455-9. 

Clinker soft and porous—lime in it, 25468-71. 

Other means of disposal would cost less, 25475-9. 

70 to 90 per cent. of moisture in pressed cake, 25480- 
5. 

Would pay if burnt with colliery pit heap, 25486-7. 

Fuel value of cake small except at Elland, 25488-9. 


WATSON, J. D., m.rnst.c.z., anp F. R. O’'SHAUGH- 


NESSY. (Analysis of their Evidence.) 

Sewage disposal at Birmingham, 24912. 

General scheme comprises sedimentation, septic 
tanks, percolating filters, and land, ib., 25175- 
86. 

Statement of the population, 24914, 25083-91. 

Series of storm intercepting drains recently con- 
structed, 24915, 25165-74. Sate | 

Table showing areas on combined and separate 
systems, 24915. 

Five-eighths of storm water passes through sewers, 
24915, 25060. 

No data available as to volume of infiltration, 
24916, 24929. 

Water supply in the different areas, 24917. 

Quality of the water, 24918. 

Gross and nett acreage of drainage area, 24919. 

Proportion using pails or middens and water-closets, 
24920. 

Table of hourly volume and variation in dry weather 
flow, 24921. 

Maximum dry weather flow 35,560,000 gallons, 
24922. 

Minimum dry weather flow 10,560,000 gallons, 
24923. ; 

Maximum wet weather flow at the rate of 260,000,000 
gallons, 24924. 

Number, and variations, of the storm overflows, 
24925. 

Largest number of gallons past the last overflow 
82,000,000, 24926. 

Annual rainfall 32,500,000,000 gallons, 24927. 

Volume of sewage and storm water 9,560,000,000 
gallons per annum, 24928. 

No record: yet available of volume passing overflows, 
1b., 25058-9. 

Volume and nature of trade effluents, 24930. 

Rules for reception of trade effluents, 24931, 25063-8. 

Serious trouble caused by sudden discharges, 24932. 

Suspended matter in sewage, 24933-4, 25069-71. 

Average analyses of sewage, 1903-4, 24935, 25061-2, 
25072. 

Sewage is ‘‘ strong ” and variable, 24936-7. 

Best measure of ‘‘ strength’’ of sewage, 24938, 25074—- 


9. 

Records of bacteriological examination, 24939, 
25047. 

Acid wastes and pickles and sulpho-cyanides pre- 
sent, 24940. 


Sewage never acid on entering the tanks, 24941. 

Suspended solids in storm times, 24942. 

Sewers mostly laid in 1852-79; not much sinking, 
24943. 

Character of liquid in storm times, 24944. all 

Treatment of sewage in storm times, 24945, 25080-91, 
25187-279. 

Shape and size of storm overflows, 24946, 

Standard form possible, present form unsatisfactory, 
24947. 

Not necessary to allow for configuration of ground in 
designing overflow, 24948. 

Overflows should be adjustable, 24949. 

Dilutions should depend on nature of stream, 24950. 

Road water conveyed separately to water-courses, 
24951. 

First flush of storm should be purified, 24954. 

Cost and advantages of separate and combined 
systems of sewers, 24955. 

Analyses of roughing and septic tank effluents, 24956, 
p. 648. 
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WATSON, J. D., anp F. R. O'SHAUGHNESSY—cont. 


Rates of quiescent settlement, 24957, 25092. 

Time necessary to produce good effluent, 24958. 

Settlement tanks used in parallel, 24959. 

Baffling boards are of considerable use, 24960. 

Method of sludging tanks, 24961. 

No nuisance : detritus immediately buried, 7b., 25096. 

Best method of treating road detritus, 24962. 

Analysis of dry sludge, 24963. 

Manurial value not large: not much use to farmers, 
ib., 24973. 

No appreciable quantity of poison in it, 24964, 
24974. 

No nuisance from settlement tanks, 24965. 

No difficulty found in filtering chemically treated 
sewage, 24967, 25097-8. 

Value and ccst of different precipitants, 24968. 

Analysis showing effect of lime, 7b. 

Milk of lime mixed with sewage in sewer, 24969. 

Average analysis of precipitation tank liquor, 24970. 

Suspended matter very finely divided, 24971. 

Not necessary to treat sludge before pumping it 
on to land, 24972. 

Treatment, apart from sludge, never a nuisance, 
24975. 

Construction and working of septic tanks, 24976-98, 
25048-52, 25099-107, 25280-326. 

Reason to think it possible to“ over-septicise,”’ 
24984. 

Present methods of sludging, 24986-8, 25108-15. 

No nuisance attends the operation, 24988, 25305. 

Suspended solids in tank liquors, 24989-90, 25051-2, 
25316 -26. 


No good purpose served by passing storm water’ 


through tanks, 24991-2, 25116-7. 

May be admitted to a limited extent, \24993. 

Impurities in sewage not materially different from 
those in tank liquor, 24996. 

No appreciable difference in plain and filled tanks, 
24997, 25118. 

No nuisance from septic tanks, 24998, 25305. 

Suspended solids should be removed before filtration, 
24999. 

Sedimentation in suitable tanks sufficient, 25000. 

Dortmund tanks effectively remove suspended 
matter, 25001-2, 25352-3, 25402. 

Cost and advantages of the various methods of 
settlement, 25003, 25053. 

Construction and working of percolating filters, 
25004-27, 25112-24, 25327-94. 

Best materials for percolating filters, 25004, 25119-21, 


25408-22. 

Depth required to obtain a good effluent, 25005, 
25054-5. 

Tank treatment desirable before percolating filter, 
25006. ; 


Nature of suspended solids in effluent, 25018-21, 
25125-32, 25359. 

Experiments in removal of suspended solids, 25020. 

Cost of percolating filters per acre, 25022, 25057. 

Oxidation of ammoniacal and organic matter, 
25023-4. 

Purification less in cold weather, 25025. 

Some trouble caused by vegetable growths, 25026. 

No nuisance from percolating filters, 25027. 

Comparative cost and advantages of percolating 
filters and contact beds, 25028-30, 25404-17. 

figures relied on for defining the strength, 25031. 

Experience of storm-water filters, 25032-3. 

Practical suggestions for disposing of sludge, 25034-5. 

Constituents of a good effluent, 25036 

Effluent from percolating filter should not differ 
from effluent from contact bed, 25037. 

Test relied on in judging quality of effluent, 25038. 

Aeration test most excellent but not sufficiently 
rapid, 25039, 25133-8. 

One standard neither possible nor desirable, 25040. 

Standard should depend on local conditions, 25041. 

Effects of discharging known effluents into water of 
known volume, 25042, 25139-64. 

Value attached to the different chemjeal tests, 25043. 

Quantitive determination of strength, 25044. 

No disputes regarding trade effluents, 25045-6. 

Land effluent tends to fungoid growths in channel, 
25139-54. sigs a 


WATSON, J. D., anv F. R. O’SHAUGHNESSY—cont, 


Growth associated with presence of iron, ib. 

Rivers Boards should have rating powers, 25239-44, 
25395-401. 

Immediate ‘formation of central board hoped for, 
25256. 

Sludge should be withdrawn from septic tank every 
three or four months, 25309-15. 

Some treatment necessary after percolating filter, 
25344-65. 

Proposed new system of removing suspended matter, 
25346. : 

Possibility of harm from over-filtration, 25359-69. 

Septic treatment of sludges, 25375-83. 


WEIRS: 

Local authority should have power to remove dere- 
lict weirs, Somerville, 20252-3 ; Reid, 20677-82, 
24440-1. 


WEST RIDING: 


Analysis of water of rivers and becks, Wilson, pp. 
522-48, 


WEST RIDING ACT: 


Not stronger than Act of 1876 with rogard to dam 
sludzixg, Wilson, 23939-3. 


WHARFE: © 
Analysis of water of the river, Wilson, p. 540-1. 


WIKE, C. F., m.tyst.c.z. (Analysis of his Evidence.) 


Surveyor in charge of Sheffield Sewage Works, 
23481. 

Treatment at Sheffield: precipitation and tank fol- 
lowed by contact beds, 23482. 

Population of drainage area 400,000, 23483. 

Small proportion of storm waters dealt with by 
separate sewers, 23484. 

Infiltration of subsoil water in the older sewers, 
23485, 23498. 

Water supply 21°23 gallons per head, 23486. 

Water is soft, 23487. 

Drainage area 23,654 acres; 9,000 acres sewered, 
23488. 

39,000 water-closets ; 54,000 privies or pail-closets, 
23489, 23628-30. 

Particulars of average dry-weather flow, 23490, 
23680-5. 

Maximum dry-weather flow 19,400,000 gallons, 
23491. 

Minimum dry-weather flow 8,600,000 gallons, 23492. 

Maximum wet-weather flow 22,000,000 gallons, 
23493. 

80 storm overflows on the sewers, 23494. 

Largest number past last overflow 22,000,000 gallons, 
23495. 

Annual rainfall 6,432,927,906 gallons, 23496. 

Volume of sewage, 1899 to 1904, 23497. 

Impossible to say what volume passes overflows, 7b. 
23631-3. 

Quantity and schedule of trade effluents, 23499. 

Regulations for trade effluents under consideration, 
23500. 

Interfere with purification both by quality and 
fluctuation, 23501. 

Sewage can scarcely be called strong, 23502. 

Strength varies daily and hourly, 23503. 

Suspended solids in storm time, 23505. 

Large proportion of sewers comparatively new, 
23506, 23634-5. 

Treatment of sewage in storm time, 23507, 23586, 
23700-5. 

Drawings of storm overflows, 23508. 

Standard form not practicable, 23509. 

Configuration of the land important in regard to 
overflows, 23510. 

Weir should be fixed but easily regulated, 23511. 

Dilutions should depend on size and nature of stream, 
23512. 

Road water separately treated, 23513, 23843-52. 

Should in certain circumstances be purified, 23515. 

Cost and advantages of separate and combined 
systems, 23516. 
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WIKE, C. F.—cont. 


Experiments in quiescent and continuous settlement, 
23517. ; 
Time necessary to get a good tank liquor, 23518, 
23914. 

Settlement tanks used in parallel, 23519. 

Baffling boards a decided advantage, 23520. 

Method of sludging in use, 23521. 

Heavy solids removed by catch-pits and screens, 
23522. 

Farmers will not take the sludge, 23523, 23532, 

No chemical poisons in the sludge, 23524, 23533. 

No nuisance from settlement tanks, 23525. 

Treatment of lime effluent on contact beds a failure, 
23527, 23636. 

Method of adding lime, 23529. 

Sewage remains in tank 45 minutes, 23530, 23706. 

No nuisance from chemical precipitation, 23534. 

Construction and working of septic tanks, 23535. 

Possible to over-septicize the sewage, 23543, 23637-8. 

Tanks worked for long periods without sludging, 
23544. 

Sludge objectionable and removal offensive, 23545. 

Suspended solids increase towards end of working, 
23546. 

Not suitable for storm water sewage, 23547. 

_ Treatment compared with settlement, 23550, 
23639-41. 

Experimental tank gave rise to complaints, 23552. 

Suspended solids should be removed before filtra- 
tion, 23553-6. 

Comparative cost and advantages of the various 
methods of settlement, 23557. 

Construction and working of contact beds, 23558-70, 

/ 23644. 

Rate of loss of capacity, 23571. 

Gaugings of a first and second contact bed, ib. 

Loss not in proportion to volume treated, 23572, 

Material can be washed satisfactorily, 23573, 23642-3, 

: 23881-912. 

Best way to maintain capacity, 23574. 

No poisons in final effluent, 23575. 

First flush from first bed slightly putrescible, 23576. 

Beds may be used as streaming storm filters, 23578. 

Cost of contact beds, 23579. 

No nuisance from contact beds, 23580. 

Percolating filters not satisfactory, 23581. 

Contact beds are preferable, 23582, 23590. 

Method of disposing of sludge, 23587, 23645 

Constituents of a good effluent, 23589. 

Putrescibility test the most important, 23591. 

Single standard very undesirable, 23592. 

Central authority, if formed, might discriminate as 
to standards, 23593. 

Automatic working not advisable, 23594. 

Average analyses of sev age, eic., 1903-4, pp. 485-519. 


WILKINSON, JAMES B., m.p. (Edinburgh), p.P.#., F.c.s. 


(Analysis of his Evidence.) ~ 
In charge of Oldham Sewage Works, 22565. 
Population of drainage area about 140,000, 22567. 
Drainage system is combined, 22568. 
Infiltration of subsoil water about 100,000 gallons 
a day, 22569, 22582. 
Water supply about 23 gallons per head, 22570. 
Quality of the water, 22571. 
Drainage area about 3,700 acres, 22572. 
Number of pails, etc., and water closets, 22573. 
Average dry weather flow about 4,500,000 gallons 
in winter and 2,700,000 in summer, 22574. 
Maximum dry weather :ate of flow 6,700,000 gallons, 
22575. 

Minimum dry weather rate of flow 750,000 gallons, 
22576. 

Maximum wet weather flow at rate of 36,000,000 
gallons, 22577. 

Description of storm overflows, with plan, 22578, 
22598. 

Largest amount past last overflow 24,000,000 
gallons, 22579. 

Annual rainfall about 5,200,000.000 gallons, 22580. 

Volume of sewage in 1902, 1,466,128,154 gallons; 
in 1903, 2,062,406,000 gallons, 22581. 

- Practically no trade effluent; worst pollution from 
mill reservoirs, 22583. 

Generally insufficient to affect purification, 22585. 


WILKINSON, JAMES B.—coné. Be yO 


Suspended matter in sewage, 22586. 

Sewage is a strong domestic sewage, 2258 

Variation in strength considerable, 22590. 

Best measure of strength of sewage, 22591. 

No chemical poisons in the sewage, 22593. 

Sewage generally neutral or slightly alkaline, 22594. 

Suspended solids in storm times, 22595. 

Se vers laid 30 or 40 years ago; some deposit in 
the new intercepting sewer, 22596. 

Treatment of sewage in storm times, 22597. 

Storm overflows should depend on configuration 
of land, 22600. 

Should be movable, 22601, 22702-5. 

Dilutions should depend on relative volumes of 
stream and sewage, 22602. 

Description of the settlement tanks, 22604-8. 

Six or eight hours necessary to get good tank liquor, 
22606. 

Method of sludging tanks, 22609. 

Road detritus, ashes, etc., should be removed, 
22610. 

Farmers use sludge for grass lands, 22611, 22619. 

No chemical poisons in the sludge, 22612. 

No nuisance from settlement tanks, 22612*. 

Sedimentation preferred to chemical precipitation, 
22614. 

Septic effluent gives better results than either, #b. 

Most effective way of adding chemicals, 22615-8. 

No nuisance from chemical precipitation, 22621. 

Construction and working of septic tanks, 22622-39, 
22699-701. 

Sludge should be drawn off while working, 22629. 


' Septic tank sludge hard to press, should be dried, 


22630. 

Suspended solids increase towards end of working, 
22631. 

First portion of storm water must be treated, 22632. 

Causes no harm to septic tanks if amount not too 
great, 1b. 

Septic tank effluent gives better filtrate than settled 
or precipitated sewage, 22636. 

No nuisance from septic tanks, 22639. 

Suspended solids should be removed before filtration, 
22640. 

Advantages of various methods of settlement, 22641. 

Construction and working of contact beds, 22642-93. 

Rate of loss of capacity, 22655, 22668-86. 

First flush taken by itself is putrescible, 2266). 
22706-8. 

Beds may be used in times of storm as streaming 
filters, 22662. 

Cost from £1,000 to £2,000 per acre, 22663. 

No nuisance from contact beds, 22664. 

Effluent cischarged into river, 22695-8. 


WILKINSON, J. P. (Analysis of his Evidence.) 


Engineer of Manchester Sewage Works, 24233. 

Population of Manchester drainage area 575,500, 
24934. 

System almost entirely combined, 24235. 

Daily infiltration of subsoil water 6,000,000 gallons, 
24236. 

Water supply 29 gallons per head, 24237. 

Water is soft, 24238. 

Drainage area 11,800 acres, 24239. ; 

624 per cent. use pails and middens; 374 use water 
closets, 24240, 24298-300. 

Average dry weather flow in winter 26,481,000, in 
summer 25,311,000 gallons, 24241. 

Maximum dry weather flow 37,236,000 gallons, 
24242, 

Minimum dry weather rate of flow 18,644,000 gallons, 
24243. 

Maximum wet weather rate of flow 222,625,000 gallons, 
24244, 

215 storm overflows designed to operate at 5 dilutions, 
24245, 24301. 

Rates observed in typical instances, +b. 

Largest number past last overflow, 163,624,000 
gallons, 24246. _ 

Annual rainfall 8,432,943,750 gallons, 24247. 

Volume of sewage 12,000 to 13,000 million gallons 
per annum, 24248, 24302-5. 

Amount passing overflows cannot be stated, 7b. 

Infiltration varies with season and wezther, 24249. 


WILKINSON, J. P.—cont. 


Volume and description of trade effluents, 24250. 

Some of the older sewers have settled, causing deposit, 
24251. 

Treatment of sewage in storm times, 24252, 24306, 
2433540, 24371-406. 

Standard form of overflow not possible, 24254. 

Operation of overflow should be settled for each 
individual case, 24255, 24341. 

Overflows should be fixed as a rule, 24256. 

Dilutions may depend on nature of stream, 24257. 

Circumstances determining operation of overflows, 
ab, 

Early flush of road water should be purified, 24259. 

Comparative cost and advantages of separate and 
combined systems, 24260, 24307-17. 

Construction and working of septic tanks, 24261-177, 
24411. 

Sludge should be removed periodically, 24268, 24407. 

Method of removal and disposal of sludge, 24269, 
24408-31. 

Suspended solids in tank liquors, 24270-3. 

One cilution with rain may go through tank, 24272. 

Reasonable fluctuation in level not prejudicial, 
24275. 

No nuisance except when slucging tanks, 24277. 

Method of removal of suspended solids, 24279-80, 
24318-22, 

Comparative cost and advantages, with and without 
chemicals, of quiescent and continuous settle- 
ment, 24281, 24323-32, 2434470. 

Construction and working of contact beds, 24282-7. 

Crude sewage should not be put on beds, 24288. 

Observations on automatic gear, 24291, 24333-4. 

Causes of loss of capacity, 24292. 

Best method of maintaining capacity, 24294. 

Cost of beds and volume treated, 24295. 

Practically no nuisance from contact beds, 24296. 

Approximate estimate of amount passing storm 
overfiows, 24302-5. 

Quite practicable to burn sludge cake, 24414-22, 

Preferable to put it on land, 24423-6. 

Suitable land would take more than 20 tons per 
acre, 24431. 


WILLCOX, J. EDWARD, muvst.c.F., anp HUGH 


P. RAIKES, 
Evidence.) 

Sewage treatment at Hanley, 25993-4. 

Population of drainage area 60,000, 25995 (1). 

One quarter drained on separate system, ib., (2), 
26022. 

Little infiltration of subsoil water, 25995 (3), 26000. 

Water supply and analysis of water, 25995 (4). 

Water moderately soft, ib. (5). 

Whole area of 1,800 acres sewered, 7b. (6). 

Eighty-five percent. water-closets ; remainder mid- 
dens or pails, 1b. (7). 

Average dry weather flow 3,600,000 to 4,000,000 
gallons, 7b. (8), 26287-94. 

Storm overflows now being constructed, 25996. 

Largest daily flow 14,000,000 gallons, 25997, 26144-5. 

Rainfall twenty-three inches, 25998. 

Information as to total sewage not available, 25999, 
26147. 

About 1,250,000 gallons trade effluent daily, 26001. 

No rules as to trade effluent, 26002. 

Clay in trade waste called ‘‘ slip”? increases sludge, 
26003, 26257-8. 

Average amount of suspended matter in sewage, 
26004. 

Physical cheracter of the solids, 26005. 

Average analysis of sewage, 1903-4, 26006, 26307. 

Sewage a little below average strength, 26007-8; 
26148, 26256. 

Best measure of strength of sewage, 26009, 26145. 

No chemical poisons in sewage, 26011. 

Sewage always alkaline, 26012. 

Suspended solids increased in times of storm, 26013. 

Sewers laid about 1870 with good gradients, 26014. 

Character of liquid sewage in storm times, 26015. 

Treatment of sewage in storm time’, 26016, 26148-59. 

Shape and size of storm overflows, 26017. 

Standard overflow not desirable, 26018, 26160-3. 

Not practicable to make overflow depend on con- 
figuration of surface of land, 26019, 26163-7. 


A.M.1.C.E. (Analysis of their 
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Overflows should be capable of adjustment, 26020, 
26168. 

Dilutions may depend on size and nature of stream, 
26021 


Overflow should not operate under three volumes, 
26021, 26147, 26295-300. 

Surface water from paved spaces should be purified, 
26025. 

Comparative cost and advantages of separate and. 
combined systems of sewers, 26026, 26308. 

Sewage settled by continuous settlement, 26027. 

Analysis of crude sewage and detritus tank effluent, 
26027, 26309-11. 

Two-thirds of suspended matter removed in one hour, 
26028, 26259-64. 

Seldom possible to obtain good liquor by settlement 
alone, 26029. 

Tanks should be used in parallel where slow velocity 
required, 26030. 

No advantage in baffling boards or walls, 26031. 

Sludge dealt with in filter presses; no nuisance, 
26032. ; 

Settling tanks only a preliminary to precipitation, 
26033. 

Sludge has practically no manurial value, 26034. 

No chemical poisons in it, 26035. 

No nuisance from settlement tanks, 23036, __ 
Tendency of chemically treated liquor to clog land 
filters, 26038, 26312-3. 
Septic tanks give results equal to chemical precipita- 
tion, 26039. 

Chemicals should be thoroughly mixed, 26040. 

Analysis of effluent from precipitation tank, 26041. 

Flocculent organic matter suspended, 26042. 

Lime required in treatment of sludge, 26043. 

No manurial value beyond that of the lime, 26044.. 

Contains no chemical poisons, 26045. 

No nuisance from chemical precipitation tanks; 
26046. 

Construction and working of septic tanks, 26048-74; 

Stagnant sewage becomes over-septicised, 26055. 

Amount of digestion in septic tank, 26056, 26169-76, 
26314-8. 

Should be emptied when suspended matter exceeds 
five to eight parts per 100,000, 26057. 

Sludge may be removed by gravitation, 26059. 

Suspended solids increase towards end of working; 
26060. 

Amount not appreciably increased after twelve months 
working, 26061. 

Rate should be maintained uniformly, 26062-4. 

Storm sewage increases suspended solids, 26063; 
26178. 

No nuisance from working, 26069. 

Suspended solids should be 1emoved before filtration, 
26070. 

Best method of removal, 26071-2. 

Effluent can be discharged direct on to filters, 26073. 

Comparative cost and advantages of various methods 
of settlement, 26074. 

Construction and working of contact beds, 26075— 
103, 26178-82, 26301-6. 

Automatic gear useful on small works, 26084. 

Amount treated per cubic yard, 26085, 26094, 26182. 

Best method and cost of washing clogged bed, 26091, 
26319-21. 

Maintenance of capacity, 26092. 

Impurity reduced by 75 per cent. by double con- 
tact, 26093. 

Percolating filters accomplish far more purification, 
ib. 

No chemical poisons in contact effluent, 26095. 

Amount and character of suspended matter, 26096-7. 

First flush is always putrescible, 26098. 

Beds used as streaming filters give improved effluent, 
26100. 

Cost about £4,500 an acre, 26101, 26184. 

No nuisance from contact beds, 26104. 

Construction and working of percolating filters, 
26105-24, 26184-233, p. 716. 


" Conditions of aeration, 26113, 26234-5. 


Suspended matter should be removed by straining 
effluent through sand, 26118. 


* Cost about £5,500 per acre, 26120. 
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Analysis of tank and filter effluent, 26120, 26133, 
26322. 

Atmospheric temperature does not affect working, 
26123, 26225. 

Large material favours vegetable growths, 26124, 
26135-40. 

No nuisance from percolating filters, 26125. 

Relative advantages of percolating filters and con- 
tact beds, 26126-8, 26183. ‘ 

Definition of strength of tank liquor, 26129, 26241. 

Working of storm water filters, 26130, 26241-8. 

Practical methods for disposing of sludge, 26131-2. 

Constituents of a good effluent, 26133. 

Better results obtained from percolating filters than 
contact beds, 26134. 

Tests of effluent relied on, 26135- 

Different standards required for different watersheds, 
26136, 26248-51, 26306. — 

Treatment of large volumes of storm water detri- 
mental to filters, 26137. 

Automatic apparatus economical, 26138. 

Value attached to the different chemical tests, 26140. 

Importance of scientific control of works, 26141, 
26252-4. 

Difficulty in complying with Local Government 
Poard requirements as to storm water, 26148-59. 

Investigation of rivers in the United States, 26254. 

Difficulties if river boards. endowed. with discretion- 
ary powers, 26254-5, 

“Slip ” appears to aid sedimentation, 26257-64. 

Suspended matter in septic tank effluent, 26265-81. 

Filter beds used in rotation, 26282-4. 

First washings of road water might be treated, 26308, 


WILSON, H. MACLEAN (Analysis of his Evidence.) 


Statement with regard to dam sludging, 23915. 
Note on standards for different streams, 1b. 
Analysis of water of river Aire, pp. 522-5. 


Ditto Bradford beck, p. 526. 
Ditto Hol beck, p. 527. 

Ditto river Calder, pp. 528-31. 
Ditto river Colne, p. 532. 
Ditto Dewsbury beck, p. 533. 
Ditto Hebble brook, p. 534. 
Ditto Spen beck, p. 535. 


WILSON, H. MACLEAN—cont. oe 


Analysis 0° water of river Don, pp.536-8. 


Ditto river Tame, p. 539. 
Ditto river Wharfe, pp. 540-1. 
Ditto river waters during floods, p.542, 


Analysis of sludges taken from mill dams, p. 543. 

Analysis of waters taken while sludging was proceed- 
ing, p. 544. 

Table showing effect of effluents from county 
boroughs upon the rivers, pp. 545-8. 

Complaints by steam users since decision in High 
Court, 23916, 23935-6. 

Two appeals dismissed since 1899, 23917-29. 

Law should be altered so as to prevent dam sludging; 
23918, 23938, 23953-8. 

Mud can be removed by other means, 23919-21. 

Evil due to suspended matter, 23925-6. 

West Riding Act not stronger than Rivers Pollution 
Act of 1876, 23930-2. 

Water unusable while sludging is going on, 23934. 

Flushing of dams a legitimate thing, 23937. 

Removal by barrows financially practicable, 23939- 
52. 

Unreasonable to call upon the sanitary authority to 
pay part of the cost, 23959-68. 

Manufacturers say cost of removal by barrows is 
prohibitive, 23969-75. 

Cost not serious considering magnitude of business, 
23976. 

Serious in case of small business with large dam, 
23978, 23988-92. 

Silting can be prevented by catch pits, 23979-83. 

Interference with trade slight; very few hard cases, 
23985-7. 

Compensation a very wide question, 23986. 

Streams ought to be rendered free from any nuisance, 
23993-6. 

Polluted stream no excuse for relaxed standard, 
23997-4001. 

Rivers Board stops pollutions of clean streams, 
24002-5, 

Difference in standards impracticable, 24006-8. 

Self-purification powers of rivers, 24009-41. 

Necessity of effective sewage treatment at Bradford 
and Leeds, 2404%-57. . 

Remarks on the tables of “ Analyses of Water,” 
24059-85. 
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